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EDITORIAL:  SCIENTIFIC  PUBLICATIONS  OF  GOVERNMENT 

DEPARTMENTS. 

Hitherto  the  scientific  reports  of  Government  Departments  have  been 
issued  in  a  haphazard  fashion,  in  the  sense  that  each  Department  has  issued 
its  reports  when  and  in  what  fashion  it  pleased.  Many  of  these  papers 
have  been  published  as  separate  pamphlets,  some  as  bulletins  of  regular 
series,  but  the  majority  have  been  issued  as  parliamentary  papers  and  bound 
up  in  the  Appendices  to  the  Journals  of  the  House  of  Representatives.  The 
disadvantages  of  this  procedure  are  manifold.  In  general,  the  reports  are  not 
advertised  or  placed  in  the  hands  of  booksellers  for  sale,  so  that  scientific  men, 
even  in  the  Dominion,  do  not  readily  hear  of  their  publication.  They  are  not 
issued  to  the  principal  scientific  libraries  of  the  world,  and  are  not  generally 
indexed  in  catalogues  of  scientific  literature .  The  parliamentary  papers,  issued 
in  foolscap  folio,  are  of  an  inconvenient  size  for  placing  upon  the  shelf,  and  the 
irregular  method  of  issue  is  puzzling  to  librarians  who  do  not  receive  bound 
copies  of  the  Appendices.  In  the  case  of  reports  published  as  pamphlets 
librarians  have  no  means  of  knowing  whether  their  series  is  complete. 

The  duty  of  co-ordinating  all  these  publications  was  by  the  Science  and 
Art  Act,  1913,  placed  upon  the  Board  of  Science-  and  Art,  a  body  consisting 
of  the  Minister  of  Internal  Affairs,  the  Director  of  the  Dominion  Museum, 
the  President  of  the  New  Zealand  Institute,  and  five  persons  appointed  by 
the  Governor  in  Council.  The  Act  states  that  it  shall  be  the  duty  of  the 
Board — “  As  to  all  papers  and  reports  of  a  scientific  nature  issued  or  pub¬ 
lished  by  or  under  the  authority  of  any  Department  of  the  Government  of 
New  Zealand,  to  consider  in  each  year  all  such  papers  and  reports ;  to  direct 
the  printing  or  reprinting  of  such  of  the  said  papers  and  reports  as  the 
Board  determines  to  be  of  such  scientific  value  or  of  such  general  public 
interest  as  to  deserve  permanent  record  ;  to  cause  such  papers  and  reports 
as  last  aforesaid  to  be  annually  printed  or  reprinted  by  the  Government 
Printer  in  a  volume  or  volumes  in  form  uniform  for  every  year. 

The  first  annual  meeting  of  the  Board  of  Science  and  Art  was  held 
on  the  31st  January,  1916,  when  the  question  of  co-ordinating  scientific 
publications  was  referred  for  report  to  a  sub-committee  consisting  of  the 
members  of  the  Board  resident  in  Wellington  and  the  heads  of  Government 
Departments  interested.  Several  meetings  of  the  sub-committee  were  held 
in  1916,  and  their  report  was  adopted  at  the  second  annual  meeting  of  the 
Board  on  the  1st  February,  1917. 

1 — Science. 


2  The  N.Z.  Journal  of  Science  and  Technology.  [Jan. 

It  was  resolved  that  a  Journal  of  Science,  of  royal  octavo  size,  he 
published  quarterly,*  and  that  papers  which  cannot  conveniently  he  published 
in  the  Journal  be  issued  under  the  heading  “  Dominion  of  New  Zealand — 
Board  of  Science  and  Art' — Bulletin  No.  1  ”  (2,  &c.),  and  that  these  papers 
be  issued  in  demy  quarto. 

These  proposals  do  not  affect  serial  scientific  papers  already  issued  by 
certain  Departments,  such  as  the  Journal  of  Agriculture ,  the  Bulletins  and 
Palaeontological  Bulletins  of  the  Geological  Survey  Department,  and  the 
Bulletins  of  the  Dominion  Museum,  which  are  already  of  one  or  other  of  the 
standard  sizes  adopted  by  the  Board,  and  by  their  issue  in  serial  form  are 
already  well  known  to  librarians  and  to  scientific  workers.  The  resolutions 
have  the  effect  of  bringing  the  other  scientific  publications  of  the  Government 
under  similar  serial  forms,  and  making  them  more  readily  available  without 
increasing  the  cost  of  their  publication.  Short  papers  are  to  appear  in  the 
Journal ,  while  longer  papers  are  to  be  printed  as  bulletins.  All  papers  are  to 
be  credited  to  the  Departments  responsible  for  their  preparation. 

The  scheme  outlined  above  provides  for  the  publication  in  serial  form 
not  only  of  departmental  reports  which  are  of  scientific  value,  but  also  of 
other  papers  from  non-departmental  sources  the  publication  of  which  is 
desirable  in  the  public  interest.  The  Board  of  Science  and  Art  has  already 
considered  several  such  papers,  and  has  recommended  to  the  Government 
the  publication  of  the  following  as  bulletins  : — 

A.  B.  Jamieson,  National  Research  Scholar.  “  The  Technical 
Analysis  of  Auckland  Clays.” 

R.  Rands,  National  Research  Scholar.  “  Utilization  cf  the  Brown 
Coals  of  Canterbury.” 

Portobello  Marine  Fish  -  hatchery  Board,  Marine  Department. 

“  Report  on  the  History  and  Progress  of  the  Portobello  Marine 
Fish-hatchery.” 

G.  M.  Thomson.  “  A  History  of  Acclimatization  in  New  Zealand.’ 

J.  C.  Andersen.  “  The  Place-names  of  Banks  Peninsula.” 

Since  the  proposal  of  a  Journal  of  Science  for  the  primary  purpose  of 
publishing  short  departmental  papers  was  first  mooted,  the  need  of  a  popular 
journal  focussing  the  more  favourable  attitude  to  science  created  by  the 
war  has  become  manifest.  Shortage  of  paper  in  itself  would  prevent  the 
issue  of  such  a  journal  at  the  present  time,  but  to  meet  in  a  small  way  this 
need  it  has  been  decided  to  include  in  the  present  journal  articles  of  a  more 
popular  nature  than  was  originally  contemplated.  Acting  on  a  suggestion 
made  by  the  Technological  Section  of  the  Wellington  Philosophical  Society, 
and  endorsed  by  the  Publication  Committee  of  the  Board  of  Science  and  ' 
Art,  the  Hon.  the  Minister  of  Internal  Affairs  has  approved  of  the  alteration 
of  the  title  from  that  originally  proposed  (Dominion  Journal  of  Science)  to 
New  Zealand  Journal  of  Science  and  Technology . 

With  the  shortage  of  paper  in  the  Dominion  and  the  distraction  of  many 
of  the  scientific  men  with  work  imposed  by  the  war,  the  present  may  not 
seem  the  most  auspicious  time  to  launch  a  new  journal.  On  the  other  hand, 
the  problem  of  the  organization  of  scientific  and  industrial  research,  of 
which  the  co-ordination  of  the  Government  scientific  papers  and  reports  is 
a  part,  is  one  that  brooks  no  delay,  and  the  sooner  the  scheme  adopted  by 
the  Board  of  Science  and  Art  is  before  the  public  and  the  Government 
Departments  in  a  tangible  form  the  sooner  it  will  be  properly  understood 
and  the  necessary  co-operation  obtained.  The  scientific  public  of  the 
Dominion  is  invited  to  support  the  journal  both  by  subscriptions  and  by 
forwarding  suitable  matter  to  the  Editors. 


*  It  has  been  decided  to  published  this  Journal  six  times  yearly. 
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Preliminary  Note  on  the  Tinctorial  Properties  of  the  Genus 

Coprosma  (Family  Rubiaceae). 

By  B.  C.  Aston,  F.I.C. 

Although  the  bark  of  Coprosma  grandijolia  was  examined  for  alkaloids 
with  a  negative  result  by  Skey,*  and  he  noted  that  the  inner  surface  of  the 
bark  was  a  bright-yellow  colour,  the  chemical  examination  of  the  colouring- 
matters  of  this  species  and  the  genus  generally  does  not  seem  to  have 
received  the  attention  which  its  close  relationship  to  the  madder-plant 
(Rubia  tinctorum )  of  commerce  would  warrant.  The  yellow  root  of  this 
plant,  which  becomes  red  on  drying,  used  as  a  dye  from  very  ancient  times, 
is  the  source  whence  alizarin  (a  most  important  dye)  was  originally  obtained 
The  natural  product  is  now  almost  entirely  superseded,  except  for  dyeing 
wool  felt  (which  material  is  more  easily  penetrated  by  the  natural  than  by 
the  artificial  product),  by  the  synthetic  alizarin  made  from  the  anthracene 
of  coal-tar. 

From  alizarin  may  be  produced  a  variety  of  colours,  especially  reds 
and  blues.  Soluble  alizarin  blue  is  replacing  indigo  for  some  purposes, 
and  is  stated  to  be  a  formidable  rival  to  that  dye  in  wool-dyeing. 

There  are  at  least  three  New  Zealand  species  of  the  genus  Coprosma — 
representatives  of  which  are  among  the  commonest  and  most  widely  dis¬ 
tributed  native  shrubs — the  bark  of  which  (especially  that  of  the  root)  is 
of  considerable  tinctorial  power — viz.,  Coprosma  grandijolia ,  C.  linariijolia, 
and  C.  areolata.  The  first  has  an  orange-yellow,  the  second  a  bright- 
yellow,  and  the  third  a  deep-brown  colour.  The  colour  is  more  deep  the 
nearer  it  is  to  the  root,  and  less  deep  towards  the  ends  of  the  branches. 
The  Maoris  are  said  to  have  used  both  Coprosma  grandijolia  and  C.  robusta 
or  C.  lucida  for  producing  shades  of  yellow  in  their  phormium  cloths,  but 
the  author  can  find  no  reference  to  a  red  or  a  blue  dye  obtained  by  the 
Natives  from  these  plants. 

Extracts  from  Coprosma  grandijolia  dye  cotton  a  delicate  pink  or  red, 
and  the  brown  inner  bark  of  C.  areolata  stains  the  hands  a  persistent  brown. 
The  following  experiment  seems  to  show  that  both  alizarin  and  purpurin,  or 
some  closely  allied  compound,  are  present  in  the  bark  of  C.  grandijolia. 
Seventy-two  grams  of  the  fresh  bark  of  C.  grandijolia  from  the  above-ground 
portions  of  the  plant  gathered  in  August  were  allowed  to  lie  for  forty-eight 
hours,  and  were  then  steeped  in  water  for  twenty-four  hours  and  the  water 
separated.  The  bark  was  then  steeped  in  alcohol  for  twenty-four  hours  and 
the  alcohol  removed  by  distillation.  A  small  portion  of  the  alcoholic  extract 
gave  on  mixing  with  caustic  soda  (10-per-cent,  solution)  a  brilliant  purple 
coloration,  becoming  yellow  with  dilute  hydrochloric  acid.  The  acid  alcoholic 
extract  was  shaken  with  ether  six  times,  which  removed  all  the  colouring- 
matter.  On  evaporating  the  ether  a  crust  of  orange-coloured  crystals  was 
deposited  :  these  under  the  microscope  were  seen  to  consist  of  a  mixture  of 
bright-red  and  yellowish  clumps  of  acicular  crystals.  After  drying  in  a 
desiccator  over  sulphuric  acid  the  weight  was  0*05  gram  (=  0*068  per  cent, 
of  the  wet  bark).  These  crystals,  which  sublimed  on  the  walls  of  a  test- 
tube  immersed  in  hot  sulphuric  acid,  by  the  action  of  a  boiling  saturated 
solution  of  potash  alum  were  separated  into  a  yellowish-red  fluorescent 
solution  and  a  brown  insoluble  substance  which  gave  an  intense  purple 
coloration  with  alkalies. 


*  Trans.  N.Z.  Inst,  vol.  2,  1869,  p.  152. 
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Summary. 

The  present  desire  to  utilize  New  Zealand  vegetable  dyes  in  connection 
with  the  home  spinning  of  woollen  goods,  and  the  abundance  of  the  species 
of  Coprosma  and  the  large  size  of  their  roots  compared  with  madder-roots 
used  in  commerce,  have  suggested  to  the  author  that  the  economic  as  well 
as  the  scientific  aspect  should  be  investigated.  Preliminary  tests  show 
that  there  is  reason  to  believe  that  dyes  closely  similar  to  if  not  identical 
with  those  of  madder  are  to  be  obtained  from  Coprosmq,  and  the  matter 
is  accordingly  being  made  the  subject  of  research. 


A  New  Fungus-gnat  which  fertilizes  Corysanthes  oblonga  Hook. 

By  David  Miller,  Weraroa. 


This  species  of  fungus-gnat  (fam.  Mycetophylidae)  was  captured  after  con¬ 
siderable  trouble  by  Mr.  G.  M.  Thomson,  F.L.S.,  while  on  a  visit  to  Dawson 
Falls  at  Mount  Egmont  during  December,  1916. 

Two  females  were  sent  to  me,  one  of  which  was  found 
in  the  flower  of  Corysanthes  ohlonga  Hook.,  and  still 
had  the  dorsum  of  the  thorax  covered  with  the  pollen 
of  this  orchid.  I  have  taken  the  liberty  of  naming 
this  species  after  the  collector. 

Exechia  thomsoni  n.  sp. 

Head  fuscous,  the  antennae  and  mouth-parts 
tawny  ;  dorsum  of  thorax  fuscous  without  markings, 
the  pleurae  fuscous  posterior  to  the  wing  articula¬ 
tion  but  tawny  anteriorly.  Legs  tawny,  but  the 
tarsi  and  apices  of  the  femora  fuscous  ;  fore  pro¬ 
tarsus  1*23  the  length  of  the  tibia.  Wings  dusky 
hyaline,  the  auxiliary  vein  short  and  evanescent  at 
apex.  Abdomen  narrowed  at  base,  the  2nd  segment 
longer  than  the  others  ;  segments  1  and  2  dark  tawny,  the  remainder 
fuscous,  each  segment  with  a  darker  band  across  the  posterior  margin. 

Length,  3-5  mm. 

In  the  diagram  the  position  of  the  posterior  tibia  and  tarsus  is  reversed. 


x  5. 


A  Systematic  Examination  of  the  Refractory  Clays  of  the  Canterbury 
District,  with  Special  Reference  to  their  Use  for  Firebricks  and 
Furnace-linings. 

By  H.  V  Rowe,  National  Research  Scholar,  Canterbury  College. 

A  report  bearing  the  above  title  was  prepared  by  Mr.  Rowe  after  twelve 
months’  tenure  of  a  National  Research  Scholarship.  As  the  research  was 
left  in  an  incomplete  state,  the  Chairman  of  the  Research  Board  of  Canter¬ 
bury  College  did  not  recommend  it  for  publication.  The  report  was  referred 
by  the  Education  Department  to  the  Board  of  Science  and  Art,  and  it  was 
decided  to  deposit  it  in  the  manuscript  series  of  the  Dominion  Library, 
Dominion  Museum,  where  it  may  be  consulted  on  application  to  the 
Director.  [Ed.] 
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Records  of  New  or  Rare  Fish  from  New  Zealand  Waters. 

By  J.  Allan  Thomson,  M.A.,  D.Sc.,  F.G-.S.,  Director  of  the 

Dominion  Museum. 

During  the  past  two  years  the  Dominion  Museum  has  received  a  number 
of  fish  new  to  its  collections,  and  in  one  case  not  previously  recorded  from 
the  New  Zealand  area.  The  actual  specimens  have  not  yet  been  examined 
by  an  experienced  investigator  of  the  class,  but  photographs  have  been 
submitted  to  Mr.  E.  R.  Waite,  Director  of  the  South  Australian  Museum, 
who  has  kindly  expressed  an  opinion  as  to  the  species  represented,  with¬ 
out  committing  himself  to  a  definite  identification  in  the  absence  of  the 
specimen.  The  purpose  of  this  paper  is  not  to  treat  of  these  species  from 
a  systematic  point  of  view,  but  to  record  their  occurrence,  to  give  figures 
by  which  they  may  be  recognized  by  those  who  have  not  access  to  a 
large  library,  and  to  supply  any  information  available  as  to  their  habits 
and  food  value.  The  synonymy  does  not  make  any  pretence  to  be  a 
complete  record  of  extra-limital  occurrences. 

Oxynotus  bruniensis  (Ogilby).  (Fig.  1.) 

(Spiny  dogfish.) 

1890. •  Centrina  salviana  Risso:  Hutton,  Trans.  N.Z.  Inst.,  vol.  22, 
p.  276  (not  of  Risso). 

1893.  Centrina  bruniensis  Ogilby,  Rec.  Austr.  Mus.,  vol.  2,  pp.  62-63 
(Tasmanian  habitat). 

1904.  Oxynotus  bruniensis  Hutton,  Index  Faunae  Novae  Zeal.,  p.  54. 

1907.  Oxynotus  bruniensis  Waite,  Rec.  Cant.  Mus.,  vol.  1,  No.  1, 

p- 8- 

1908.  Oxynotus  centrina  Linne  :  Regan,  Ann.  Mag.  Nat.  Hist.,  ser.  8, 

vol.  2,  p.  42  (not  of  Linne). 

1912.  Oxynotus  centrina  Linne:  Waite,  Rec.  Cant.  Mus.,  vol.  1,  No.  4, 
p.  316  (not  of  Linne). 

1914.  Oxynotus  bruniensis  McCulloch,  Commonwealth  of  Australia 
Fisheries,  pp.  80-81,  pi.  xiii  (southern  Australian  habitat). 


The  only  previous  record  of  this  fish  in  New  Zealand  is  that  contained 
in  Hutton’s  List  of  the  New  Zealand  Fishes  (1890),  where  it  is  stated  that 


Fig.  1. — Oxynotus  bruniensis. 


a  specimen  is  in  the  Canterbury  Museum.  The  specimen  here  figured  was 
•obtained  by  Messrs.  Smith  and  Chant,  of  Wairau  Bar,  and  was  forwarded 
to  the  Dominion  Museum  by  Mr.  Ivon  M.  Barr,  Harbourmaster,  Wairau 
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Bar.  The  species  is  easily  recognized  by  its  characteristic  shape  and  by 
the  strong  spines  with  which  the  whole  surface  of  the  body  is  covered.  The 
contents  of  the  stomach  were  examined  in  an  endeavour  to  determine  the 
food  of  the  fish,  but  beyond  numerous  grains  of  sand  nothing  could  be 
recognized. 

McCulloch  has  identified  specimens  from  the  eastern  end  of  Bass  Strait 
and  from  the  Great  Australian  Bight,  obtained  by  the  F.I.S.  “  Endeavour  ” 
in  depths  of  80  to  220  fathoms,  and  includes  it  among  the  deep-sea  fish  off 
the  Australian  coast. 

Cheilodactylus  bizonarius  Saville-Kent.  (Fig.  2.) 

(Tasmanian  magpie-perch.) 

1888.  Chilodactylus  vizonarius*  Saville-Kent,  Papers  &  Proc.  Roy . 

Soc.  Tasm.  for  1887,  pp.  47-A8. 

The  specimen  here  figured  was  caught  in  a  net  at  the  north  end  of 
Kapiti  Island  by  Messrs.  Watson  Bros.,  of  Paraparaumu,  and  is  the  first 
record  of  the  species  in  New  Zealand  waters.  Its  nearest  allies  amongst 
New  Zealand  fish  are  Cheilodactylus  macropterus  (the  tarakihi)  and 
C.  douglasi  (the  porae). 


Fig.  2. — Cheilodactylus  bizonarius. 


The  magpie-perch  is  taken  only  in  limited  quantities  in  Tasmania  in 
the  middle  fishing-grounds  of  5  to  6  fathoms  depth  at  the  mouth  of  the- 
Derwent  Estuary,  either  by  net  or  line.  It  is  stated  to  be  a  good  table 

fish. 

Germo  germon  (Lacepede).  (Fig.  3.) 

(Long-finned  albacore.) 

1800.  Scomber  germon  Lacepede,  Hist.  Nat.  Poiss.,  vol.  2,  p.  598 
(Indian  Ocean  habitat). 

1802.  Scomber  germo  Lacepede,  Hist.  Nat .  Poiss.,  vol.  3,  p.  1. 

1840.  Scomber  germo  Bennett,  Nar.  Whaling  Voyage,  vol.  2,  p.  278 
(Polynesian  Islands  habitat). 

1905.  Germo  germon  Fowler,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
vol.  56,  pp.  761-762  (Sumatra  habitat). 

*  Apparently  a  misprint  for  bizonarius,  since  the  name  is  stated  to  be  given  on 
account  of  the  two  complete  zones  of  black  girdling  the  body.  The  paper  contains 
several  other  obvious  misprints,  and  does  not  seem  to  have  been  revised  by  the- 
author. 
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1906.  Germo  alalunga  Stead,  Fishes  of  Australia,  pp.  162  and  165 

(not  of  Gmelin),  (Port  Macquarie  habitat). 

1907.  Germo  germo  Stead,  Additions  to  the  Fish-fauna  of  New  South 

Wales,  No.  1,  Dept,  of  Fisheries,  N.S.W.,  pp.  20-21. 

1908.  Thunnus  (Germo)  germo  Stead,  The  Edible  Fishes  of  New  South 

Wales,  &c.,  Dept,  of  Fisheries,  N.S.W.,  p.  95. 

1913.  Germo  germon  Waite,  Rec.  Cant.  Mus.,  vol.  2,  No.  1,  p.  19. 

The  only  previous  record  of  this  species  in  New  Zealand  waters  is  that 
of  Waite  above  referred  to,  which  was  based  on  a  drawing  in  the  Dominion 
Museum  collection  by  Mr.  G.  H.  Wilson,  Survey  Office,  Gisborne,  of  a  fish 
captured  in  the  Turanganui  Eiver,  13th  April,  1885.  The  specimen  here 
figured  was  obtained  in  Cook  Strait  in  January,  1917,  by  the  master  of  the 
s.s.  “  Defender.” 

Waite  follows  Fowler  in  distinguishing  the  long-finned  albacore  of  the 
Pacific  from  Germo  alatunga  (Gmelin)  of  the  Atlantic,  remarking  that  he 
is  not  in  a  position  to  offer  any  opinion  on  the  subject. 


Fig.  3. — Germo  germon. 


So  far  only  one  record  of  the  specimen  seems  to  have  been  made  in 
Australia,  but  it  appears  to  be  an  abundant  fish  in  the  tropical  Pacific, 
according  to  the  observations  of  Bennett.  “  Ships  when  cruising  slowly 
in  the  Pacific  Ocean  are  usually  attended  by  myriads  of  this  fish  for  many 
successive  months.  A  few  days’  rapid,  sailing  is  nevertheless  sufficient 
to  get  rid  of  them,  however  numerous  they  may  be,  for  they  seldom  pay 
more  than  very  transient  visits  to  vessels  making  a  quick  passage.  When 
a  ship  is  sailing  with  a  fresh  breeze  they  swim  pertinaciously  by  her  side 
and  take  the  hook  greedily,  but  should  she  be  lying  motionless  or  becalmed 
they  go  off  to  some  distance  in  search  of  prey,  and  cannot  be  prevailed 
upon  to  take  the  most  tempting  bait  the  sailor  can  desire.  .  .  .  They 
are  very  voracious  and  miscellaneous  feeders.  Flying-fish,  calmars,  and 
small  shoal-fish  are  their  most  natural  food  ;  though  they  do  not  refuse 
the  animal  offal  from  a  ship.” 

Stead  states  that  as  a  food  fish  the  species  is  of  little  value,  its  flesh 
being  coarse  and  oily. 


Is  a  Sardine  Industry  practicable  in  New  Zealand  P 

By  J.  Allan  Thomson,  M.A.,  D.Sc.,  F.G.S.,  Director,  Dominion  Museum. 

The  following  remarks  by  C.  Tate  Began,  the  well-known  British  Museum 
authority  on  fish,  deserve  a  wider  circulation  in  New  Zealand  than  they  are 
likely  to  attain  in  the  journal  in  which  they  appeared  :■ — 

“  A  fact  that  may  perhaps  be  emphasized  is  that  the  exotic  species  of 
Sardina  resemble  the  European  pilchard,  not  only  in  the  structure  of  the 
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adult  fish,  but  in  that  of  the  eggs  and  larvae,  and  also  in  their  biology- 
growth,  food,  migrations,  &c.,  and  that  the  Australian  and  South  American 
species  could  certainly  be  made  use  of  in  the  same  way  as  the  European 
one.  .  .  .  Hitherto  very  little  use  appears  to  have  been  made  of  the 

pilchards  of  South  Africa,  Australia,  and  New  Zealand,  although  they  are 
very  abundant ;  perhaps  in  the  future  sardine  industries  will  become 
established  in  those  parts  of  the  British  Empire.5’* 

The  abundance  of  the  species  referred  to  was  thus  described  by  Hector 
in  1872  : — 

“  Pilchard,  or  Sardine  (Clupea  sagax).— This  is  the  true  representa¬ 
tive  of  the  herring  kind  in  these  seas,  and  it  is  reported  to  visit  the  east 
coast  of  Otago  every  year  in  February  or  March.  On  the  last  occasion  it 
was  observed  that  the  shoal  was  migrating  southwards,  and  extended  as 
far  as  the  eye  could  reach,  followed  by  a  multitude  of  gulls,  mutton-birds, 
barracoota,  and  porpoise.  So  densely  packed  were  they  that  by  dipping 
a  pitcher  in  the  sea  it  would  contain  half  fish,  so  that  if  larger  boats  and 
suitable  nets  were  employed  thousands  of  tons  could  be  caught.  .  .  . 

Another  fish  of  the  same  family,  reported  to  occur  in  New  Zealand,  and 
exceedingly  abundant  in  Victoria  according  to  Professor  McCoy,  is  the 
anchovy  (Engmulis  encrasicholus),  being  identical  with  the  well-known 
anchovy  of  commerce. 

Confirmative  statements  have  been  made  by  various  writers  as  to  the 
abundance  of  the  New  Zealand  pilchard.  Thus  G.  M.  Thomson, J  in 
summarizing  the  observations  of  lighthouse-keepers,  stated  in  1892  : — 

“  Pilchard,  or  Sardine  ( Clupea  sagax )  ;  Sprat  ( Clupea  sprattus). — The 
recorders  were  mostly  unable  to  distinguish  between  these  species.  They 
are  only  noted  from  Moeraki,  Catlin’s  River,  Waipapapa  Point,  and  Milford 
Sound,  but  at  these  localities  they  occurred  at  certain  seasons  in  enormous 
quantities.  From  Moeraki  they  are  only  reported  as  occurring  in  March 
*  in  enormous  abundance.5  In  Catlin’s  River  estuary  they  were  found  in 
numbers  in  the  rock-pools  in  June,  the  larger  ones  with  the  ova  well 
advanced.  From  Waipapapa  Point  they  are  recorded  by  Mr.  Erecson  as 
passing  continuously  through  Foveaux  Strait  from  November  to  April, 
usually  pursued  and  driven  ashore  in  great  numbers  by  the  mutton-birds. 
In  January  the  ova  were  nearly  ripe  in  many  of  the  fish  ;  while  of  those 
taken  in  April  some  were  ripe  and  some  spawned.  In  Milford  Sound  these 
fish  are  reported  as  occurring  all  the  year  round,  being  frequently  driven 
ashore  by  cowfish  and  other  enemies.  Their  abundance  is  testified  bv 
entries  like  the  following  :  ‘  December,  1885  :  Tons  of  pilchards  thrown  up 
on  the  beaches  at  the  end  of  this  month.5  Fish  taken  in  October  had  the 
ova  nearly  ripe,  while  for  two  years  in  succession  they  were  found  to  be 
spawning  during  November  and  December.” 

The  above  extracts  suggest  that  there  is  a  vast  but  neglected  source 
of  wealth  in  the  New  Zealand  pilchard.  A  most  suitable  subject  for  a 
research  of  economic  value  here  presents  itself. 


*  C.  Tate  Regan,  The  British  Fishes  of  the  Subfamily  Clupeinae  and  Related 
Species  in  other  Seas,  Ann.  Mag.  Nat.  Hist.,  ser.  8,  vol.  18,  pp.  1-19,  1916. 

t  J.  Hector,  Fishes  of  New  Zealand,  Col.  Mus.  and  Geol.  Surv.  Dept.,  1872, 
pp.  119-120. 

J  G.  M.  Thomson,  Notes  on  Sea-fishes,  Trans.  N.Z.  Inst,  vol.  24,  1892,  pp.  202-15. 
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New  Zealand’s  Niagara. 

By  C.  A.  Cotton,  D.Sc.,  F.G.S.,  Victoria  University  College,  Wellington. 

The  Wairua  Falls,  in  North  Auckland,  form  an  excellent  example  of  the 
■class  of  which  the  Falls  of  Niagara  are  the  type.  Though  they  are  far 
surpassed  both  in  height  and  in  volume  of  water  by  numerous  falls  in 
various  parts  of  New  Zealand,  they  are  still  of  great  interest  as  an  example 
of  sharp-edged,  rapidly  retreating  falls  in  horizontal  strata.  The  scenic 
beauty  of  the  falls  may  be  impaired  as  their  water  is  utilized  for  the  genera¬ 
tion  of  electrical  power,  but  their  value  as  a  physiographic  example  still 
remains. 

Falls  are  features  characteristic  of  the  yourg  stage  of  valley-formation 
—of  the  stage,  that  is  to  say,  in  which  the  river,  having  recently  taken 


Fig.  1. — Wairua  Falls,  from  the  side. 


its  present  course,  has  not  yet  succeeded  in  smoothing  out  its  bed  to  a 
regular,  gradual,  or  graded  slope.  Without  entering  upon  a  discussion  of 
the  reasons  for  and  the  method  of  this  activity,  the  reader  may  personify 
the  river  and  think  of  it  as  labouring  eagerly  at  the  task  of  evening  out 
its  channel.  While  some  rivers  resort  to  filling  in  the  deeper  parts  of  their 
courses,  the  majority  do  their  “  grading  ”  by  cutting  down  in  those  parts 
of  their  beds  in  which  they  flow  initially  at  a  level  above  that  of  the  coveted 
graded  slope.  The  details  of  topographic  form  developed  during  down¬ 
cutting  depend  to  a  large  extent  upon  the  geological  structure  encountered  ; 
but  one  type  only  of  geological  structure  here  concerns  us — namely,  hori¬ 
zontal  stratification.  The  most  clear-cut  falls- — -those  of  the  true  Niagara 
type — are  determined  by  the  occurrence  of  a  horizontal  resistant  stratum 
overlying  one  of  weaker  rock. 

The  Niagara  Biver,  with  which  the  humbler  Wairua  may  be  compared, 
came  into  existence  when  Lake  Erie  overflowed  ;  and  the  infant  river  took 
a  course  which  led  it  down  over  a  cliff  at  the  edge  of  a  horizontal  sheet  of 
limestone  :  thus  the  Niagara  Falls  had  their  beginning.  The  Wairua,  on 
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the  other  hand,  took  its  present  course  in  a  different  way.  The  river 
flowed  formerly  in  a  well-proportioned  valley,  graded  and  widely  opened  ; 
but  into  and  down  this  valley  there  flowed  a  stream  of  lava  from  one  of 
the  many  vents  which  were  active  in  North  Auckland  at  a  not  very  distant 
period.  The  river  was  thus  forced  to  flow  over  the  surface  of  the  solidified 
lava  in  the  bottom  of  the  valley  and  to  cascade  over  its  edge. 

In  the  case  of  the  Niagara  the  layer  of  rock  under  the  limestone 
is  a  relatively  weak  shale,  which  is  easily  excavated  by  the  splash  and 
swirl  of  the  descending  water.  As  the  shale  is  thus  removed  the  lime¬ 
stone  in  the  edge  of  the  fall  overhangs,  and  from  time  to  time  blocks 
of  it  fall  away.  Thus  the  edge  of  the  fall  being  constantly  renewed 
is  always  fresh  and  sharp,  and  the  fall  retreats  rapidly  up-stream,  the 
river  below  the  falls  flowing  in  a  narrow,  steep-walled  gorge,  on  the  sides 
of  which  may  be  seen  the  outcropping  edges  of  the  limestone  and  the 
underlying  shale. 


Fig.  2. — Wairua  Falls,  from  below. 

1  In  the  case  of  the  Wairua  the  conditions  at  first  sight  appear  dissimilar. 
Above  the  falls,  it  is  true,  the  channel  is  shallow  (see  fig.  1),  while  below 
there  is  the  typical  steep-sided  gorge  (figs.  1  and  3).  Clearly,  therefore,  the 
fall  has  retreated  up-stream.  Again,  the  fall  is  sharp-edged,  even  over¬ 
hanging  (see  figs.  1  and  2).  There  is,  however,  no  difference  in  the  kind 
of  rock  forming  the  edge  of  the  fall  and  that  in  the  bottom  of  the  gorge 
below  :  it  is  all  basaltic  lava. 

When  the  rock  below  the  fall  is  looked  at  more  closely,  however,  it  is 
seen  that  the  deeper  part  of  the  lava-sheet  is  weaker  than  the  upper  part ; 
for  the  deeper  part  is  fissured,  being  divided  by  the  fissures  into  basaltic 
columns  (see  fig.  3).  The  fissures  do  not  extend  into  the  upper  part  of  the 
lava,  which  is  therefore  much  more  resistant  to  erosion. 

The  fissured  layer  is  analogous  to  the  weak  shale,  and  the  upper,  massive 
lava  to  the  resistant  limestone  of  Niagara ;  and  thus,  as  the  columnar  basalt 
is  removed  by  erosion,  the  layer  above,  being  unsupported  at  the  edge, 
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must  break  away  in  blocks.  In  this  manner  the  edge  of  the  fall  retains  its 
clear-cut  form  as  it  retreats  up-stream. 

Basaltic  lava-flows  are  commonly  columnar  within  but  massive  at  the 
upper  surface  ;  and,  as  many  of  the  valleys  of  North  Auckland  have  been 


Fig.  3. — The  gorge  below  the  falls. 


blocked  by  lava-flows,  it  is  reasonable  to  expect  that  there  should  be  many 
other  falls  similar  to  those  of  the  Wairua.  Examples  of  such  are  the 
Whangarei  Falls  and  the  Waitangi  Falls  at  the  Bay  of  Islands. 


Notes  on  the  Geology  and  Mineral  Occurrences  of  the 

Wakamarina  Valley. 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  Geological  Survey 

Department. 

(A  locality  map  and  plans  illustrating  this  paper  appear  in  the  Eleventh  Annual  Report 

of  the  New  Zealand  Geological  Survey,  1917.) 

Topography. 

The  Wakamarina  River,  one  of  the  chief  tributaries  of  the  Pelorus,  flows 
in  a  north-easterly  direction  through  a  deep,  narrow  valley  and  joins  the 
main  river  at  Canvastown,  six  miles  from  Havelock.  The  last-mentioned 
township  lies  near  the  head  of  Pelorus  Sound,  a  feature  produced  by  the 
drowning  of  the  lower  valley  of  the  ancient  Pelorus  River.  Probably  at 
one  time  the  sea  extended  beyond  Canvastown,  and  the  small  flats  in  the 
lower  valleys  of  the  Pelorus  and  Wakamarina  Rivers  are  gravel-filled  arms 
of  the  Sound.  Near  Deep  Creek,  which  enters  the  Wakamarina  five  miles 
from  Canvastown,  miners  in  search  of  alluvial  gold  have  sunk  through 
80  ft.  of  gravel  in  the  stream-bed  before  reaching  solid  rock.  In  addition] 
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to  these  proofs  that  the  land  at  one  time  stood  at  a  higher  level  than  at 
present,  there  is  evidence  that  it  was  once  more  deeply  submerged.  In 
many  places  along  the  sides  of  the  Wakamarina  Valley  terraces  appear 
marking  the  position  occupied  by  the  valley  -  floor  at  different  times. 
Remnants  of  the  highest  of  these  terrace  sets,  600  ft.  to  700  ft.  above  the 
stream,  may  be  seen  in  the  neighbourhood  of  Deep  Creek  and  at  several  - 
points  farther  down  the  valley. 

History  of  Mining  in  Wakamarina  Valley. 

Alluvial  gold  was  discovered  in  the  Wakamarina  Valley  in  1864.  The 
best  of  it  was  found  on  the  beaches  and  shallow  bars  of  the  stream,  sources ! 
which  were  exhausted  in  a  few  years.  Water  to  command  the  terraces 
was  difficult  to  obtain,  and  it  was  not  until  1877  that  the  higher  gravels 
were  seriously  attacked.  Although  these  were  worked  for  many  years 
they  did  not  as  a  whole  repay  the  capital  expended.  In  1878  an  attempt 
was  made  to  work  the  river-bed  by  means  of  an  air-lock  ;  and  in  the  years 
that  followed  the  “bottom”  was  reached  on  several  occasions,  but  with-i 
out  the  discovery  of  the  rich  pockets  hoped  for.  By  damming  and  diverting 
the  stream  other  portions  of  the  river-bed  were  laid  bare,  but  the  gold 
obtained  did  not  nearly  repay  the  expense  of  the  long-continued  operations. 
In  the  late  “  nineties”  dredging  began  in  the  lower  valley  of  the  Waka¬ 
marina,  and  work  was  carried  on  with  fair  results  till  1907. 

The  coarse  nature  of  the  alluvial  gold  in  the  creeks,  and  the  fact  that 
many  of  the  “  specks  ”  had  fragments  of  quartz  attached,  early  induced 
prospectors  to  seek  for  lodes.  Since  only  the  streams  draining  the  eastern 
side  of  the  valley  contained  gold  in  payable  quantities,  search  was  naturally 
made  in  the  rough  hilly  country  lying  between  the  Wakamarina  and  Wairau 
Rivers.  In  1874  a  lode  was  discovered  near  Deep  Creek,  and  a  year  later 
another  outcrop  was  found  two  miles  to  the  southward.  In  1881  a  quartz 
vein  10  ft.  to  12  ft.  in  width  was  exposed  in  the  valley  of  Dead  Horse  Creek, 
and  from  this  a  few  hundred  tons  of  ore  were  mined.  The  claim,  known 
as  the  Golden  Bar,  was  abandoned  in  1885.  The  gold  occurring  in  the 
quartz  was  very  fine,  and  it  was  considered  that  the  coarse  alluvial  gold 
found  in  the  creek-beds  could  not  have  been  shed  from  the  lodes  discovered. 
In  1889  an  adit  at  a  lower  level  cut  the  ore-body  in  the  Golden  Bar  Claim  ; 
and  in  1893  and  1894  the  same  lode  was  explored  in  the  Empire  City,  a 
■claim  just  to  the  northward.  An  Otis  crusher  was  erected  to  crush  ore 
from  the  latter  claim,  but  the  yield  of  gold  was  insufficient  and  operations 
ceased.  In  1900  another  attempt  was  made  to  work  the  ore-body  in  the 
Golden  Bar  ;  an  eight-head  mill  was  built,  but  after  a  few  tons  had  been 
crushed  the  claim  was  abandoned.  Work  began  again  in  1907  and  con¬ 
tinued  desultorily  till  1909,  when  a  twelve-head  battery  driven  by  water 
was  erected,  and  crushing  recommenced.  Later  a  group  of  claims  along 
the  line  of  strike  of  the  lode  was  acquired  by  the  Dominion  Consolidated 
Developing  Company.  This  company,  registered  on  the  18th  January, 
1911,  has  actively  developed  its  property  and  increased  the  battery  to 
twenty-five  stamps.  The  mill  is  equipped  with  WilfLey  tables  that  save  a 
concentrate  containing  from  65  to  70  per  cent,  of  scheelite.  The  presence 
of  this  mineral  in  the  quartz  of  the  lodes  of  the  Wakamarina  Valley  was 
detected  by  the  Colonial  Analyst  in  1888.*  At  present  it  is  as  important 
a  constituent  of  the  ore  as  the  gold. 


*  Col.  Museum  and  Lab.,  23rd  Ann.  Rep.,  1889,  p.  59. 
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The  following  table  shows  the  amount  of  ore  crushed  and  the  yields  of 
gold  and  scheelite  concentrate  to  date 


Year  ending  31st  December. 

Ore  crushed, 
in  Tons. 

Gold,  in 
Ounces. 

Scheelite 
Concentrate, 
in  Tons. 

Scheelite, 

Value. 

1910  .. 

1911  ..  .. 

1912  .. 

1913  .. 

1914  .. 

1915  .. 

1916  .. 

Totals  .  . 

355 

1,659 

3,500 

8,180 

15,814 

17,484 

15,550 

37 

327 

540 

1,421 

2,114 

3,335 

1,856 

j  ^6* 

86* 

110 

u* 

£ 

10,070 

9,327 

14,133 

14,117 

62,542 

9,630 

364* 

47,647 

The  gold  from  the  Dominion  Consolidated  Developing  Company’s  mine 
is  worth  about  £3  15s.  per  ounce. 


Quartz  Veins. 

The  lode  worked  by  the  Dominion  Consolidated  Developing  Company 
at  Deep  Creek  has  been  definitely  traced  for  a  distance  of  90  chains.  The 
strike  is  north-north-westerly,  and  in  the  Empire  City  section  the  dip  is 
easterly  at  about  70°  for  the  first  200  ft.  of  depth,  below  which  it  rapidly 
changes  to  about  30°  ;  farther  north,  in  the  Golden  Bar  section,  the  dip 
is  about  75°. 

The  country  consists  of  gently  dipping  schists,  which  are  not  so  meta¬ 
morphosed  but  that  their  original  nature  and  structure  can  generally  be 
made  out.  Evidently  they  are  altered  from  massive  beds  of  greywacke 
containing  some  thin  bands  of  finer  material.  The  rocks  are  deeply 
weathered,  and  it  is  only  in  artificial  excavations  that  fresh  samples  can 


be  obtained.  The  following  analyses  by  the  Dominion  Analyst  may 

quoted 

(1.) 

(2-) 

Silica  (Si02)  .  . 

. .  68-93 

62-97 

Alumina  (A1203) 

.  .  12-66 

14-37 

Ferric  oxide  (Fe203) 

1-64 

2-24 

Ferrous  oxide  (FeO) 

3-67 

4-68 

Titanium  dioxide  (Th02) 

0-45 

0-64 

Lime  (CaO) 

2-44 

3-75 

Magnesia  (MgO) 

1  *62 

2-14 

Soda  (Na20)  . . 

3-47 

3-98 

Potash  (K20) .  .  .  . 

1-78 

2-24 

Moisture  lost  at  100°  C. 

0-10 

0-14 

Water  and  organic  matter 

3-14 

2-87 

99-90 

100-02 

(1)  Country  near  lode,  No.  3  adit,  Empire  City  Claim. 

(2)  Schistose  greywacke,  No.  4  adit,  Empire  City  Claim. 

In  the  neighbourhood  of  the  lode  the  country  is  more  or  less  crushed 
and  sheeted,  and  where  unweathered  contains  numerous  veinlets  of  calcite. 
The  ore  consists  of  banded,  oxidized,  and  vuggy  quartz  containing  gold, 
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scheelite,  and  pyrite  in  small  amount.*  In  some  places  fragments  of  country, 
usually  lenticular  in  shape,  are  included,  and  at  some  points  the  partial 
replacement  of  these  and  of  the  wall-rock  was  observed.  An  excellent 
example  of  this  may  be  studied  in  the  Federation  adit,  which  was  driven 
beneath  outcrops  of  solid  quartz,  and  at  the  calculated  distance  penetrated 
a  zone  of  crushed  country  that  had  been  strongly  silicified.  The  whole  of 
the  ore  has  probably  been  formed  by  the  replacement  by  quartz  of  the 
crushed  country  occurring  along  a  fissure. 

The  principal  workings  on  the  lode  are  in  the  Empire  City  Claim, 
where  five  adits  have  been  driven.  As  will  be  seen  from  the  following 


table,  the  lode  steadily 

increases  in  size 

downward  for 

240  ft.  below 

outcrop  :■ — - 

Thickness  of 
Lode. 

Length  of 
Ore-body. 

Depth  below 
Crest  of  Hill. 

Outcrop 

6  in.  to  2  ft. 

.  . 

No.  0  adit 

3  ft.  to  6  ft. 

500  ft. 

70  ft. 

No.  1  adit 

3|  ft.  to  7  ft. 

1,100  ft. 

150  ft. 

No.  2  adit 

5  ft.  to  10  ft. 

1,350  ft. 

195  ft. 

Intermediate 

6  ft.  to  12  ft. 

,  , 

240  ft. 

No.  3  adit 

See  below 

,  # 

255  ft. 

No.  4  adit 

Does  not  yet  cut  lode 

435  ft. 

No.  3  adit,  60  ft.  below  No.  2,  has  been  driven  750  ft.  in  a  formation 
consisting  of  crushed  and  sheeted  country  traversed  by  numerous  stringers 
and  veinlets  of  quartz.  This  zone  apparently  dips  north-eastward  at  about 
30°,  and  is  of  unknown  width  (at  least  80  ft.).  The  lode,  which  down  to  the 
intermediate  below  No.  2  adit  consists  of  solid  quartz,  is  below  this  point 
seamed  with  bands  of  crushed  country.  In  depth  these  increase  in  number 
and  thickness  so  that  in  No.  3  adit,  only  15  ft.  below,  the  lode  consists  of 
sheeted  country  as  above  described. 

The  scheelite  is  irregularly  distributed  throughout  the  ore.  A  series  of 
heads  or  cross-courses  dipping  southward,  rarely  at  angles  of  more  than 
30°,  cross  and  usually  dislocate  the  lode  from  a  few  inches  to  several  feet. 
It  is  in  the  immediate  neighbourhood  of  these,  and  especially  on  their 
hanging-wall  side,  that  the  scheelite  occurs  most  abundantly.  Masses  of 
the  mineral,  containing  but  little  quartz  and  weighing  many  pounds,  have 
been  found.  In  a  general  way  the  scheelite  increases  in  amount  from  the 
surface  downward,  and  the  quartz  veinlets  cutting  the  formation  in  No.  3 
adit  contain  rather  more  of  the  mineral  than  the  ore  won  from  No.  2  adit. 

The  schistose  rocks  of  the  district  are  deeply  weathered,  and  along  the 
fissure  the  oxidation  of  the  ore  and  wall-rocks  extends  below  No.  2  adit. 
In  the  intermediate  below  this  drive  the  ore  is  in  part  oxidized,  but  the 
formation  explored  by  No.  3  adit  shows  no  trace  of  oxidation.  There  the 
quartz  veinlets  contain,  in  addition  to  scheelite  and  pyrite,  an  easily  notice¬ 
able  amount  of  calcite,  a  mineral  that  was  not  detected  in  the  oxidized  ore 
of  the  higher  adits.  Surface  water  percolates  readily  along  and  near  the  main 
fissure,  and  the  oxidation  of  the  ore  can  be  ascribed  only  to  its  action. 

In  the  Golden  Bar  and  Empire  City  Claims  the  ore  occurs  along  the 
same  fissure.  In  both  claims  the  quartz  is  similiar  ;  but  sampling  shows 
that  the  ore  of  the  former  contains  somewhat  less  gold  and  scheelite.  Two 
adits  have  been  driven  in  the  Golden  Bar  110ft.  apart  vertically;  and  in 
both  of  these  the  ore  has  a  width  of  from  3  ft.  to  6  ft.,  and  is  of  average  thick¬ 
ness  at  the  ends  of  the  drifts.  The  vein  has  been  traced  southward  by  means 
of  trenches  at  short  intervals  nearly  to  Dead  Horse  Creek  ;  and  here,  in 

*  Analyses  made  in  Great  Britain  show  that  the  scheelite  concentrates  from  the 
Dominion  and  other  New  Zealand  mines  contain  a  little  oxide  of  tin — usually  not 
more  than  0d0  per  cent. 
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the  Federation  Claim,  a  short  adit  has  been  driven  to,  but  not  across,  a  zone 
of  silicified  country  that  represents  the  lode.  Along  the  bed  of  Dead  Horse 
Creek  the  schists  are  concealed  by  debris,  but  the  occurrence  of  alluvial 
gold  below  the  supposed  crossing-point  of  the  lode,  and  the  fa:t  that 
fragments  of  scheelite-bearing  quartz  are  found  in  the  slope  deposit  on  the 
hillside  to  the  south  of  the  stream,  strongly  suggest  that  the  lode  continues 
still  farther  southward. 

At  the  time  of  the  writer’s  visit  Mr.  George  Humphries,  on  behalf  of  the 
Deep  Creek  Gold-mining  Syndicate,  was  prospecting  a  scheelite-bearing 
lode  occurring  in  the  basin  of  Deep  Creek,  and  this  may  be  on  the  same 
fracture  zone  as  the  Empire  City  and  Golden  Bar  shoots.  In  the  valley 
of  Mountain  Camp  Creek,  a  stream  entering  the  Wakamarina  from  the  east¬ 
ward  rather  less  than  a  mile  and  a  half  north  of  the  mouth  of  Deep  Creek, 
a  lode,  stated  to  be  parallel  with  that  worked  by  the  Dominion  Consolidated 
Developing  Company,  is  being  prospected  by  the  Mountain  Camp  Syndicate 
(Alford  and  others).  The  writer  had  no  opportunity  of  examining  this 
or  the  Deep  Creek  Gold-mining  Syndicate’s  property. 

Genesis  of  the  Ore. 

A  number  of  facts  bearing  on  the  genesis  of  the  ore  have  already  been 
brought  out,  and  others  which  relate  to  this  question  may  now  be  stated. 
The  distribution  of  the  ore — that  is,  vein  material  “  sufficiently  valuable 
to  be  of  interest  to  the  miner  — -is  dependent  on  the  topography.  It  is 
nowhere  known  to  occur  beneath  a  stream-channel.  Thus  the  ore-body 
of  the  Empire  City  Claim,  which  traverses  a  definite  ridge,  is  separated 
from  that  in  the  Golden  Bar  Claim  by  an  inconsiderable  valley  beneath 
which  the  lode  fissure  is  not  known  to  carry  ore.  The  Golden  Bar  ore- 
body  which  cuts  obliquely  across  the  steep  face  of  a  ridge  continues  south¬ 
ward  to  within  a  few  chains  of  Dead  Horse  Creek.  At  this  point,  in  the 
Federation  adit,  it  was  found  to  have  degenerated  to  a  zone  of  silicificatiom 
The  continuation  of  the  lode  fissure  northward  from  the  Empire  City  is 
reported  to  be  represented  in  a  gorge  on  the  Wakamarina  Biver  by  a  crush- 
zone  traversed  by  a  few  stringers  and  veinlets  of  quartz.  Again  thin 
inconstant  veinlets  of  scheelite-bearing  quartz  occur  in  weathered  but 
uncrushed  schist  at  two  points.  These  were  observed  in  the  rock  by  the 
roadside  at  the  eastern  end  of  the  bridge  across  Deep  Creek,  and  also  about 
a  mile  farther  west  on  the  roadside  near  the  bridge  that  crosses  the  Waka¬ 
marina  to  the  sawmill  at  the  mouth  of  All  Nations  Creek.  In  both  cases 
the  veinlets  dip  vertically  and  have  a  nearly  north-and-south  strike.  They 
are  probably  segregations  in  joint-planes,  with  one  set  of  which  they  are 
parallel. 

In  the  writer’s  opinion  the  observed  facts  strongly  suggest  that  the 
ore-body  has  been  formed  by  the  replacement  of  crushed  rock  in  a  fracture- 
zone  by  quartz,  calcite,  scheelite,  pyrite,  and  gold  derived  from  the  general 
mass  of  the  schist,  and  that  the  vein  material  has  been  brought  to  its 
present  position  by  surface  waters. 

The  tungsten  minerals,  supposed  to  be  distributed  throughout,  may 
well  have  been  contained  in  the  granitic  rocks  that  furnished  the  detritus 
from  which  the  schists  and  greywackes  were  derived,*  and  wolframite, 
probably  the  most  abundant  of  the  tungsten  minerals,  need  not  be  regarded 
as  difficultly  soluble.]* 

*  Cf.  P.  Marshall,  The  Geology  of  the  Tuapeka  District,  N.Z.  0.8.  Bull.  No.  19, 

p.  47. 

t  T.  A.  Rickard  (editor).  Mining  and  Scientific  Press,  vol.  114,  No.  13,  Mar.  31, 
1917,  p.  431. 
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Economic  and  Scientific  Developments  resulting  from  the 
Lake  Coleridge  Hydro-electric  Power-supply. 

By  L.  Birks,  B.Sc.,  M.Inst.C.E.,  M.I.E.E.,  Electrical  Engineer,  Public 

Works  Department,  Christchurch. 

(Part  of  address  delivered  to  the  Wellington  Philosophical  Society,  28th  June,  1917.) 

On  the  25th  November,  1914,  the  installation  of  the  Lake  Coleridge  hydro¬ 
electric  power-supply  for  Canterbury  was  completed  for  formal  opening, 
and  an  intermittent  service  commenced.  Many  difficulties  had  still  to 
be  overcome,  but  a  continuous  service  has  been  run  from  the  1st  March, 


Fig.  1. 

1915.  In  the  two  years  that  have  elapsed  the  supply  of  cheap  power  has 
had  a  not  inconsiderable  stimulating  effect  on  the  industries  of  Canter¬ 
bury,  and  has  not  only  lowered  the  working-costs  of  existing  industries, 
but  has  permitted  the  manufacture  of  new  products  which  the  war  has 
rendered  very  expensive,  or  unobtainable  in  New  Zealand. 

The  power  plant  is  designed  for  an  ultimate  capacity  of  four  generators 
of  1,500  kilowatts  capacity  each  and  two  of  3,000  kilowatts  each.  Of 
these,  three  units  of  1,500  kilowatts  each,  totalling  4,500  kilowatts,  were 
erected  and  put  into  commission  at  the  opening.  The  growth  of  the 
demand  for  power  led  to  the  instalment  of  the  fourth  unit  of  1,500  kilowatts, 
which  was  put  into  service  in  March,  1917,  making  a  total  installed  capacity 
at  the  power-house  of  6,000  kilowatts.  A  fifth  unit  of  3,000  kilowatts 
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capacity  is  now  on  order,  but  owing  to  war  conditions  it  has  been  found 
impossible  to  get  delivery  of  the  steel  for  building  the  necessary  pipe-line. 
The  rising  prices  of  coal  and  gas  have  stimulated  the  demand,  and  in  the 
meantime  a  definite  restriction  has  had  to  be  imposed  so  far  as  the  con¬ 
sumers  of  day  power  are  concerned. 

For  the  first  year,  as  in  all  new  departures  of  this  kind,  the  demand 
did  not  increase  rapidly.  The  Christchurch  City  supply  was  changed  over 
at  once,  giving  a  load  of  1,000  kilowatts  on  the  water-power  plant  from  the 
first  day  of  operation.  The  peak  load  on  the  31st  March,  1916,  was  only 


Fig.  2. — Daily  load-curves. 


1,350  kilowatts,  and  the  output  for  the  year  4,960,250  units.  The  first 
six  months  after  the  commencement  of  supply  was  occupied  in  negotiating 
contracts  for  the  supply  of  power  with  various  power-users,  and  after  that 
it  took  several  months  longer  to  install  the  necessary  motors  and  wiring. 
But  in  April,  1916,  the  load  began  to  go  up  rapidly,  as  the  graph  in  fig.  1 
shows,  and  by  March,  1917,  it  reached  the  full  capacity  of  the  installed 
plant' — viz.,  4,500  kilowatts — the  output  for  the  second  year  of  operation 
being  14,224,960  units,  with  a  corresponding  reduction  in  the  cost  per  unit. 

For  the  first  few  months  the  lighting  load  exceeded  the  power  load, 
but  now  that  the  larger  factories  have  been  converted  to  electric  driving 
the  day  load' — 8  a.m.  to  5  p.m. — considerably  exceeds  the  evening  lighting 
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load  (see  fig.  2).  The  peak  is  usually  between  8  and  9  a.m.,  being  determined 
by  the  tramway  load.  There  is  a  drop  of  about  1,000  kilowatts  at  midday 
for  the  lunch-hour.  The  most  striking  feature  of  the  load-curve  is  the 
high  load-factor,  which  ranges  on  the  weekly  output  up  to  61  per  cent. 

The  system  of  supply  is  the  three-phase  system,  at  a  frequency  of  50 
cycles  per  second.  The  transmission  distance  from  Lake  Coleridge  power¬ 
house  to  the  main  distributing-station  at  Addington  is  sixty- three  miles, 
and  the  electrical  pressure  between  the  transmission-wires  is  66,000  volts. 
At  the  main  distributing-station  the  pressure  is  transformed  down  to  10,500 
volts,  at  which  it  is  distributed  over  six  primary  distributors,  each  in 
duplicate  and  of  1,000  kilowatts  capacity.  These  radiate  as  follows 

Underground  Cables  :  Christchurch  City  - —  Armagh  Street  substation, 
2J  miles  ;  Montreal  Street  substation,  1  \  miles  ;  tramway  substation 
(Falsgrave  Street),  2J  miles. 

Overhead  Lines  :  Lyttelton  feeder,  via  Spreydon,  Beckenham,  Farnly, 
St.  Martins,  Hillsborough,  Woolston,  and  Heathcote  substations,  9J  miles  ; 
southern  feeder,  via  Sunnyside,  Sockburn,  Hornby,  Islington,  Templeton, 
Tai  Tapu,  and  Lincoln  substations,  23  miles  ;  northern  feeder,  via  Bic- 
carton,  Waimairi,  Belfast,  and  Kaiapoi  substations,  19  miles. 

Main  Consumers. 

Christchurch  City  Council .- — -The  City  Council  take  control  of  the  whole 
of  the  reticulation  within  the  city  boundaries,  purchasing  the  energy  in 
bulk  from  the  Department  at  10,500  volts  pressure,  and  supplying  their 
own  transforming  and  distributing  stations,  at  which  the  pressure  is  reduced 
to  400/230  volts,  three-phase,  for  retail  supply.  At  Montreal  Street  sub¬ 
station  there  is  also  a  bank  of  300-kilowatt  transformers  stepping  down 
to  3,000  volts  for  supplying  a  few  heavy -power  consumers,  and  at  Armagh 
Street  substation  there  are  two  500-kilowatt  rotary  converters  supplying 
direct  current  to  the  previously  existing  direct-current  reticulation.  This 
station  is  also  equipped  with  four  boilers  of  500  horse-power  each,  two 
of  250  horse-power  each  with  automatic  coal-stokers,  and  two  of  125 
horse-power  each  connected  with  refuse-destructors  but  capable  of  also 
being  hand-fired  with  coal,  and  also  with  four  steam-driven  generators 
with  a  total  capacity  of  750  kilowatts,  constituting  the  previous  supply 
plant  and  now  used  as  a  stand-by  and  for  taking  the  peak  load.  The 
present  peak  load  on  the  city  mains  is  2,200  kilowatts,  of  which  2,000  are 
supplied  from  Lake  Coleridge,  and  the  balance  is  taken  by  the  city’s  own 
generating  plant,  thus  reducing  the  city’s  payment  for  power,  which  is 
based  upon  the  maximum  load  taken. 

The  immediate  effect  of  the  introduction  of  hydro-electric  power  in  the 
city  was  a  striking  reduction  in  the  Council’s  retail  and  wholesale  charges 
for  electricity.  The  average  charge  for  light  was  reduced  from  5d.  to  3d., 
and  for  power  from  2Jd.  to  Id.,  with  wholesale  power  rates  down  to  Jd. 
for  ordinary  day  work  and  to  ^d.  for  night  work. 

In  the  two  years  since  a  regular  supply  has  been  obtained  from  Lake 
Coleridge  the  demand  within  the  city  has  gone  up  from  about  700  kilowatts 
to  2,200  kilowatts,  and  is  still  increasing  rapidly.  During  the  same  period 
the  number  of  consumers  within  the  city  has  gone  up  from  1,625  to  3,877, 
of  whom  22  per  cent,  now  pay  less  than  3s.  per  month  and  33  per  cent, 
pay  less  than  4s.  per  month  on  the  average.  Electricity  in  Christchurch 
is  thus  distinctly  the  “  poor  man’s  light.” 

Tramway  Supply .■ — The  next  largest  consumer  is  the  Christchurch 
Tramway  Board,  with  a  normal  day  load  of  1,400  kilowatts.  Their  plant 
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Fig.  3. — Sockburn  pole  substation.  A  typical  cheap  out-of-door  substation  on  the 
southern  feeder  for  tapping  the  10,500-volt  distributing -lines  for  a  small  local 
reticulation. 
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consists  of  two  rotary  converters — one  of  1,000  and  one  of  500  kilowatts 
capacity.  They  also  have  five  boilers  of  2,000  kilowatts  capacity,  and 
four  steam-turbines  of  2,500  kilowatts  total  capacity,  which  are  maintained 
for  emergency  supply  in  case  of  accidental  stoppage  of  the  supply  from 
Lake  Coleridge.  This  steam  plant  is  capable  at  short  notice  of  carrying 
the  whole  tramway  load  and  also  feeding  back  500  to  1,000  kilowatts  to 
Addington  distributing  -  station  for  the  use  of  other  essential  consumers. 
The  effect  of  the  introduction  of  Lake  Coleridge  power  has  already  been  to 
reduce  the  cost  of  power  for  operating  the  tramways  by  over  £2,000  per 
year,  although  the  steam  plant  previously  used  was  of  a  highly  efficient 
type.  < 

Freezing -works .- — -The  next  largest  consumers  consist  of  three  large 
freezing-works,  at  Islington,  Belfast,  and  Kaiapoi,  out  of  four  in  the  district, 
and  the  fourth  will  be  supplied  as  soon  as  power  is  available.  These  are 
supplied  by  means  of  indoor  static  transformer-stations,  of  300  and  600 
kilowatts  capacity,  from  the  southern  and  northern  primary  feeders  at 
distances  of  six  to  fifteen  miles  from  the  main  distributing-station.  Their 
load  consists  mainly  of  large  freezing-motors  of  100  to  500  horse-power, 
running  on  a  seasonal  load  from  December  to  about  July  in  each  year, 
but  running  twenty-four  hours  per  day  during  most  of  the  killing  season. 
They  also  have  a  general  day  motor-load  of  100  to  200  kilowatts  during  the 
killing  season,  falling  off  very  much  during  the  slack  season. 

The  freezing  industry  thus  leaves  a  slack  period  of  four  or  five  months 
from  July  to  November,  in  which  about  600  kilowatts  will  be  available 
for  the  development  of  suitable  industries,  the  operations  of  which  can  be 
adjusted  to  suit  the  slack  season  at  the  freezing-works.  Obviously  such 
industries  should,  if  possible,  be  associated  with  the  freezing  industries, 
and  should  consist  in  the  working-up  of  their  by-products  by  electro¬ 
chemical  methods,  or  of  other  electro  -  chemical  processes  for  the  manu¬ 
facture  of  essential  chemicals  and  manure-ingredients  required  in  developing 
the  existing  business  of  the  freezing  companies  on  broader  lines.  Owing  to 
the  fact  that  the  industries  are  already  paying  for  the  power  they  use  in 
the  killing  season,  it  will  be  possible  to  continue  this  supply  throughout  the 
year  for  such  purposes  at  a  very  small  increased  charge. 

Flour-mills. — In  addition  to  two  flour-mills  situated  within  the  city 
boundary,  there  are  now  three  mills  outside  the  city  supplied  from  the 
primary  feeders.  These  are  all  the  flour-mills  within  reach  of  the  present 
mains. 

The  price  at  which  energy  is  available  from  Lake  Coleridge  has  enabled 
the  cost  of  milling-power  to  be  reduced  from  about  4s.  6d.  per  ton  to  about 
2s.  per  ton.  Moreover,  the  absolute  uniformity  of  speed  and  rotating  effort 
of  the  electric  motor  as  compared  with  the  steam  or  gas  engine  has  made 
a  great  improvement  in  the  operation  of  the  milling-machines,  and  there  is 
a  strong  demand  for  extension  of  the  mains  to  other  milling  centres, 
including  Rangiora,  Oust,  and  Southbridge. 

Tanneries  and  Fellmongeries.- — Five  out  of  eight  tanneries  and  fell- 
mongeries  in  the  district  (apart  from  the  freezing-works)  are  now  supplied, 
and  the  other  three  will  be  connected  up  as  soon  as  power  is  available. 
In  these  cases  the  ease  of  distributing  the  power  economically  in  small 
units  wherever  it  is  most  conveniently  required,  and  the  possibility  of 
working  overtime  in  the  rush  season  without  having  to  run  large  driving- 
engines,  have  proved  great  advantages. 

Dairies  and  Butter-factories.— All  the  dairies  and  butter-factories  within 
reach  of  the  mains  are  now  supplied,  in  spite  of  the  necessity  of  raising  steam 
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for  pasteurizing,  scalding,  and  washing.  For  separating  and  churning,  the  * 
steadiness  and  uniformity  of  speed  are  of  great  advantage  as  compared 
with  the  steam-engine.  For  milking-machines  the  ease  of  starting"  and 
stopping,  and  the  unattended  operation  of  the  motors,  as  well  as  the 
cheapness  of  the  power  as  compared  with  petrol  and  kerosene  fuel,  deter¬ 
mine  the  matter  without  question,  and  are  making  quite  a  revolution  in 
dairying  matters  wherever  the  mains  are  accessible.  A  most  striking 
development  has  been  the  success  of  the  Tai  Tapu  Dairy  Company.  This 
company  buys  power  in  bulk  for  operating  its  butter-factory  in  Tai  Tapu, 
and  also  reticulates  the  district  for  retail  distribution  to  its  suppliers  and 
consumers  within  its  district.  There  are  now  fourteen  miles  of  3,000-volt 
and  six  miles  of  low-tension  line,  supplying  seventy-six  consumers,  includ¬ 
ing  twenty-five  milking-machines.  The  financial  results  have  been  very 
satisfactory  to  all  parties — the  farmer,  the  dairy  company,  and  the  Depart¬ 
ment  ;  production  has  been  stimulated,  and  one  of  the  comforts  of  the 
city  has  been  carried  out  to  the  hardworking  dairy-farmer. 

Quarries  and  Brickyards. — Two  large  quarries,  three  large  brickyards, 
and  one  pottery  are  now  driven  by  Lake  Coleridge  power,  and  others  are 
waiting  for  a  supply.  In  these  cases  the  large  instantaneous  overload 
capacity  of  the  electric  motor  is  of  the  utmost  value.  It  is  found  in  nearly 
every  case  that  the  former  engines  were  very  much  overpowered  for  their 
average  work,  owing  to  the  necessity  of  their  carrying  an  occasional  over¬ 
load  without  stopping,  which  the  electric  motor  does  without  difficulty. 

Hospitals  and  Institutions.- — There  are  now  six  hospitals  and  similar 
institutions  supplied  from  the  mains,  in  most  cases  on  the  maximum- 
demand  system,  at  £1  per  month  per  kilowatt  of  maximum  demand.  This 
enables  them  to  utilize  the  energy  for  a  wide  range  of  purposes  with  the 
highest  economy.  If  used  for  lighting  only,  for  an  average  of,  say,  1,000 
hours  per  year,  it  works  out  at  under  3d.  per  unit.  But  up  to  the  lighting- 
capacity  the  energy  can  be  used  on  this  scale  at  other  hours  of  the  day  at 
no  additional  cost.  It  is  thus  available  for  heating,  cooking,  refrigerating, 
pumping,  milking,  shearing,  chaff-cutting,  sawing,  sewing,  and  ironing  and 
other  laundry-work.  Between  10  p.m.  and  9  a.m.  it  is  used  for  hot-water 
heating,  at  no  additional  cost.  At  Sunnyside  Hospital,  by  combining  all 
these  operations  and  keeping  a  graphical  record  of  the  demand  by  means 
of  a  curve-drawing  watt-meter,  the  energy  is  obtained  for  all  purposes  at 
a  rate  below  two -thirds  of  a  penny,  which  still  yields  to  the  Department 
a  satisfactory  return  of  £1  per  month  per  kilowatt  of  maximum  demand. 

Economy  of  Coal  in  Canterbury. 

Another  aspect  of  this  subject  is  economy  in  the  use  of  coal  in  Canter¬ 
bury  as  the  result  of  the  operation  of  the  Lake  Coleridge  plant.  This  is  of 
particular  importance  just  now  as  a  measure  of  national  efficiency,  owing 
to  the  demand  or  man-power  for  the  prosecution  of  the  war  and  for 
essential  industries. 

The  coal-consumption  in  the  most  efficient  and  well-designed  steam 
plant  in  Canterbury — the  tramway  power-station— for  the  last  complete 
year  of  coal-firing  was  about  8,800  tons  to  generate  5,179,457  units  with 
a  normal  maximum  load  of  about  1,200  kilowatts,  or  1,600  horse-power- — 
that  is,  over  5  tons  per  horse-power  year,  working  on  about  a  50-per-cent, 
load -factor.  The  ordinary  small  commercial  steam  plant  consumes  from 
three  to  five  times  as  much  coal  as  this,  though  as  its  load -factor  is  low — 
usually  10  per  cent,  to  20  per  cent. — the  owner  does  not,  as  a  rule,  realize 
how  much  coal  per  actual  horse-power  hour  it  is  using.  It  is  found  in 
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*  practice  that  the  average  power  actually  used  in  small  factories  is  usually 
from  one-half  to  one-quarter  of  what  the  owner  estimates — his  estimates 
being  based  on  maximum  rather  than  on  average  power.  The  average 
small  steam  plant  on  a  15-  to  20-per-cent,  load-factor  actually  uses  6  to 
8  tons  of  coal  per  horse-power  per  annum.  And  thus  the  Lake  Coleridge 
plant,  replacing  such  plants  and  working  up  to  a  50-  or  60-per-cent,  load- 
factor,  saves  15  to  25  tons  of  coal  per  annum  per  horse-power  of  its  useful 
output. 

Good  suction-gas  plants  are  more  efficient  when  working  at  or  near 
full  load,  but  at  ordinary  load-factors  those  that  have  been  replaced  by 
Lake  Coleridge  power  have  not  appreciably  reduced  the  quantity  of  fuel 
saved  pe  ■  horse-power  yea  of  electric  output. 

It  is  well  within  the  mark  to  put  down  the  actual  saving  that  has  been 
effected  by  Lake  Coleridge  power,  working  a  50-  to  60-per-cent,  factor,  at 
over  10  tons  per  horse-power  year. 

The  actual  output  of  the  plant  at  present  from  the  Addington  dis¬ 
tributing-station  is  4,000  kilowatts — i.e.,  5,300  horse-power,  or,  allowing 
liberally  for  losses  in  distribution,  4,400  horse-power  delivered  to  the  con¬ 
sumers.  It  is  thus  effecting  an  actual  saving  in  fuel-consumption  of  over 
44,000  tons  per  annum,  probably  well  over  50,000  tons,  worth  £75,000 
delivered  into  the  coal-bins  or  £100,000  delivered  into  the  boiler-fires. 

The  greater  portion  of  this  saving  is  represented  by  the  wages  of  miners,, 
railway  men,  seamen,  wharf  labourers,  carters,  firemen,  and  clerical  hands, 
and  represents  the  labour  of  nearly  four  hundred  men,  who  are  replaced 
by  sixty  to  eighty  men  engaged  on  operating  and  maintaining  the  Lake 
Coleridge  power  plant,  distribution,  substations,  and  reticulation. 

To  some  considerable  extent  the  electric  power  has  replaced  kerosene 
and  petrol  instead  of  coal ;  but  to  this  extent  the  saving  is  of  even  greater 
national  importance,  in  that  it  has  substantially  reduced  ocean  and  rail¬ 
way  transport,  and  has  reduced  our  national  liability  to  foreign  creditors 
by  probably  £10,000  per  year. 

Moreover,  hydro-electric  power  is  a  step  in  the  right  direction  in 
another  important  aspect.  The  hard,  exhausting,  unskilled,  and  mono¬ 
tonous  labour  of  mining,  trucking,  shipping,  shovelling,  carting,  and  firing 
is  replaced  by  the  comparatively  easy,  clean,  and  scientific  (though  probably 
somewhat  monotonous)  employment  of  watching  the  turbines  and  attend¬ 
ing  the  switchboards,  or  the  more  interesting  outdoor  life  of  patrolling 
and  maintaining  the  transmission -lines  and  distribution -lines.  Instead  of 
working  underground,  we  now  work  away  up  amongst  the  mountains. 
Instead  of  demanding  mere  physical  strength,  the  new  method  of  power- 
supply  calls  for  the  highest  development  of  ingenuity,  initiative,  and 
skill,  even  amongst  its  routine  workers. 

The  coal  will  not,  of  course,  be  left  in  the  ground.  The  stimulus  of 
industry  will  open  up  other  uses  for  it.  When  burned  in  boiler-furnaces 
the  whole  of  its  valuable  nitrogenous  and  coal-tar  products  are  wasted, 
and  of  its  heat-value  at  most  5  to  10  per  cent,  can  be  converted  into  power 
even  with  the  most  efficient  plant.  With  new  processes,  an  increasing 
quantity  will  first  be  distilled  in  gas-retorts  for  the  recovery  of  the  nitrogen 
and  tar-products,  and  the  coke  will  be  employed  in  electro-chemical  and 
electro-thermal  processes,  in  which  efficiencies  of  50  to  60  per  cent,  instead 
of  5  to  10  per  cent,  will  be  obtained.  In  such  directions  as  these, 
economies  of  the  utmost  national  importance  are  already  being  effected,, 
and  will  become  of  increasing  importance  in  the  very  near  future. 
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Transport. 

In  railway  transport  New  Zealand  is  still  waiting,  but  in  other  countries 
maintenance-costs  have  been  cut  down,  more  reliable  services  maintained, 
more  frequent  trains  run,  stations  abolished,  and  frequent  motor-trains 
run  as  a  tramway  service,  stopping  at  all  road-crossings.  Fast  expresses 
have  been  made  faster  with  heavy  electric  locomotives,  and  800-ton  mineral- 
trains  increased  in  some  cases  up  to  2,500  tons  on  the  same  grade  and  at 
better-scheduled  times  ;  the  smoke  nuisance  has  been  abolished,  and  road¬ 
side  fires  have  been  done  away  with.  These  possibilities  are  all  available 
in  Canterbury  as  soon  as  industrial  and  financial  conditions  will  permit 
of  the  necessary  conversion  being  undertaken. 

In  road  transport  even  greater  changes  are  to  come.  The  petrol-car 
has  certainly  reached  a  high  state  of  development,  and  is  very  satisfactory. 
But  it  is  still  an  explosion  machine  and  an  explosive  machine  :  the  pro¬ 
duction  of  power  is  violently  intermittent  and  irregular.  This  reacts  on  the 
life  of  the  engine,  chassis,  body,  and  tires,  and  on  the  comfort  of  the  whole 
vehicle.  The  electric  motor  operated  from  a  battery  is  the  smoothest, 
steadiest,  and  most  silent  form  of  power  possible.  The  cost  of  power  at 
present  prices  is  less  than  one-half  of  the  cost  of  petrol,  and  the  cost  of 
repairs  and  maintenance  proportionately  low.  It  takes  five  minutes  to 
learn  all  there  is  to  learn  in  driving  an  electric  car,  and  there  is  nothing  to 
go  wrong.  From  the  national  point  of  view  it  consumes  only  natural 
power  from  the  mountains  instead  of  petrol,  for  which  we  have  to  pledge 
our  credit  to  a  foreign  nation  to  the  amount  of  2s.  6d.  for  every  gallon 
consumed. 

The  petrol-lorry  running,  say,  fifteen  miles  to  the  gallon  costs  2d.  per 
mile  for  fuel  only.  The  electric-battery  car  or  lorry  is  garaged,  examined, 
and  charged  up  every  night  by  the  Christchurch  City  Council  at  £30  to 
£60  per  year,  according  to  capacity,  ranging  from  \  ton  to  3  tons  of  load— 
i.e.,  from  2s.  to  4s.  per  day,  giving  a  daily  range  of  sixty  miles.  Even  if  j 
only  forty-eight  miles  per  day  of  this  range  can  be  utilized  effectively  the 
cost  of  electricity  per  mile  run  is  only  Jd.  for  a  J-ton  lorry  or  car,  and  up  to 
Id.  for  a  3-ton  lorry — a  very  substantial  saving  as  compared  with  petrol. 
There  are  about  a  dozen  such  vehicles  now  in  use  in  Christchurch  for 
various  purposes,  and  provision  is  being  made  in  anticipation  of  this 
number  increasing  to  five  or  six  hundred  in  the  near  future.  Fig.  4  shows 
the  City  Council  electric-battery  lorry  for  refuse  and  coal,  which  is  not  only 
propelled  but  also  tipped  by  electric  power. 

The  problem  of  economy  in  the  domestic  delivery  of  milk,  bread,  and 
other  commodities  is  engaging  the  attention  of  our  local  economists.  The 
ultimate  solution  of  this  problem  will  certainly  be  expressed  in  terms  of 
hydro-electric  power. 

Chemical  Industries. 

One  of  the  sources  of  Germany’s  strength  has  been  her  control  of  the 
chemical  industries.  Hundreds  of  thousands  of  horse-power  of  electricity 
were  used  to  manufacture  soda,  potash,  acids,  carbide,  nitrates,  explosives, 
and  dozens  of  other  essential  products.  As  a  result  of  the  war  the  cost 
of  these  chemicals  in  New  Zealand  has  become  practically  prohibitive, 
and  Germany  has  been  enabled  to  carry  on  the  war,  which  she  could  not 
have  done  without  these  products  of  electric  power. 

Lake  Coleridge  power  has  already  enabled  sulphate  of  iron,  formerly 
imported  by  the  gasworks  for  purifying  the  gas,  to  be  replaced  by  hydrate 
of  iron  produced  from  the  old  tins  from  the  destructor.  A  further  develop- 
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Fig.  4.— Christchurch  City  Council  Edison  storage-battery  truck,  fitted  with  automatic  tipping-gear. 


1918.]  The  N.Z.  Journal  of  Science  and  Technology. 


25 


merit  of  the  same  industry  will  yield  an  iron-oxide  paint  previously  imported. 
Other  scientific  developments  are  in  hand,  which  will  produce  in  the  near- 
future  commercial  results  of  the  utmost  importance  in  making  a  self- 
reliant  community  of  New  Zealand. 

Caustic  soda  cost  £12  per  ton  before  the  war.  It  is  now  costing  £45 
per  ton,  and  will  probably  shortly  be  unprocurable.  Arrangements  are 
being  completed  for  the  local  manufacture  of  caustic  soda  and  hydro¬ 
chloric  acid  by  the  electrolysis  of  common  salt  by  means  of  Lake  Coleridge 
power. 

This  again  draws  attention  to  the  necessity  of  developing  the  produc¬ 
tion  of  common  salt  in  New  Zealand.  The  imports  of  common  salt  for  the 
past  five  years  have  averaged  24,000  tons  per  year,  worth  about  £72,000. 
Of  this  a  substantial  portion  used  to  come  from  Germany.  That  it  is 
possible  to  produce  salt  by  evaporation  of  sea-water  is  demonstrated  by 
the  success  of  the  venture  at  Geelong,  Victoria,  where  20,000  to  30,000 
tons  per  year  have  been  produced  for  some  years  past  at  a  very  low  cost. 
The  sea-water  of  Cook  Strait  contains  3-33  per  cent,  of  sodium  chloride — 
that  is,  40  tons  per  acre-foot.  It  would  thus  require  the  evaporation  of  only 
600  acre-feet  per  year  to  supply  the  whole  of  the  Dominion’s  requirements, 
and  in  this  hydro-electric  power  will  take  an  essential  part. 

But  in  addition  to  24,000  tons  of  common  salt  we  import  over  5,000 
tons  per  annum  of  other  salts  of  sodium,  worth  before  the  war  over  £100,000 
per  annum.  The  development  of  the  salt  and  caustic-soda  industry  is 
the  first  step  in  the  production  of  the  whole  of  these  more  valuable  sodium 
salts. 

Another  direction  in  which  hydro-electric  power  will  take  an  essential 
part  is  in  the  manufacture  of  calcium  carbide,  and  thence  calcium  cyanamide 
or  nitrolim — a  most  valuable  nitrogenous  fertilizer — and  thence  ammonia 
and  all  the  important  group  of  nitrogenous  products,  including  explosives. 
The  imports  of  carbide  alone  exceed  2,400  tons,  worth  before  the  war 
over  £32,000  per  annum.  Owing  to  high  freights  there  is  a  natural  pro¬ 
tection  that  will  render  the  manufacture  of  carbide  a  very  remunerative 
business,  in  addition  to  the  possibility  of  converting  it  into  nitrogenous 
manure,  &c.,  with  compressed  oxygen  as  a  valuable  product. 

Already  preliminary  work  is  being  done  on  the  direct  electrolysis  of 
water  on  the  large  scale,  to  yield  oxygen  for  acetylene  welding  and 
hydrogen  for  the  hardening  of  fats. 

Electric  Steel-smelting. 

Another  industry  in  which  Germany  has  made  special  advance  is  the 
electric  smelting  of  steel,  and  in  this  hydro-electric  power  promises  to 
give  us  in  New  Zealand  an  opportunity  of  which  full  advantage  must  be 
taken.  The  ordinary  1-ton  to  2-ton  electric  steel-furnace  requires  500  to 
1,000  kilowatts,  and  the  Lake  Coleridge  plant  will  thus  be  large  enough 
ultimately  to  supply  several  such  furnaces.  Already  definite  proposals 
are  in  hand.  In  Australia  it  is  found  profitable  to  smelt  steel  by  means 
of  the  electric  furnace  even  with  electricity  generated  from  steam  at  a  cost 
of  |d.  per  unit.  The  product  is  of  such  high  grade  that  it  is  used  largely 
for  purposes  for  which  brass  and  gun -metal  were  previously  required. 
This  opens  up  an  enormous  field  of  utility,  limited  only  by  the  amount 
of  raw  material  procurable.  Such  furnaces  can  be  conveniently  operated  at 
night,  the  moulding  being  done  in  daylight.  This  makes  it  possible  to 
supply  the  power  for  them  at  a  very  cheap  rate- — less  than  one-third  the 
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rate  at  which  it  pays  to  buy  energy  for  the  same  purpose  in  Australia. 
At  first  the  industry  would  be  confined  to  the  high-grade  cast  steels,  costing 
before  the  war  £40  to  £60  per  ton,  and  now  worth  double  to  treble  this 
figure.  At  the  present  prices  of  scrap  steel  and  Lake  Coleridge  power  it 
will  be  possible  to  smelt  these  cast  steels  at  substantially  less  than  the 
pre-war  cost. 

For  welding  the  oxy-acetylene  and  oxy-acetone  processes  are  well 
established  and  are  doing  useful  work.  But  electric  welding  is  already  in 
use  in  Christchurch  and  Wellington,  and  is  making  rapid  strides  elsewhere. 

In  the  domestic  sphere  the  economies  of  time,  labour,  material,  and 
temper,  resulting  from  the  general  use  of  hydro-electric  power  for  washing, 
sweeping,  sewing,  heating,  cooking,  pumping,  and  lighting,  will  amount 
to  a  revolution  in  the  conditions  of  woman’s  labour  which  is  hardly  yet- 
conceived. 

In  these  and  other  directions  the  introduction  of  cheap  hydro-electric 
power  is  already  resulting  in  Canterbury  in  a  step  forward  in  industrial 
and  economic  conditions  more  far-reaching  in  their  results  than  the  most 
sanguine  predictions. 


The  Maori  System  of  Measurement. 

By  Elsdon  Best,  Dominion  Museum. 

It  may  be  said  that  the  Maori  possessed  no  precise  system  of  measurement, 
no  recognized  and  universal  standard  of  an  immutable  type  universally 
employed  by  the  people.  Such  a  condition  we  should  naturally  expect  to 
find  among  an  uncivilized  folk  in  the  Neolithic  plane  of  culture.  The 
various  industries  practised  by  the  Maori  had  not  advanced  to  that  pitch 
wherein  a  precise  standard  becomes  absolutely  necessary.  The  arts  of  house¬ 
building,  canoe-making,  wood-carving,  painting,  weaving,  and  tattooing,  as 
executed  by  these  natives,  certainly  called  for  a  considerable  amount  of 
precision,  but  actual  measuring  by  means  of  a  mechanical  medium  entered 
but  little  into  such  execution.  The  medium  employed  in  attaining  excellent 
results  in  these  arts  was  the  eye  of  the  operator.  Here  we  encounter  an 
attribute  of  uncultured  man — -the  keen  “  true  ”  eye  that  so  readily  detects 
any  irregularity  or  discrepancy.  This  faculty  is  on  a  par  with  others  pos¬ 
sessed  by  the  Maori,  as  the  powers  of  hearing  and  of  smell,  as  also  their 
remarkable  sense  and  rendering  of  time  in  concerted  movements  of  the 
body  or  limbs,  and  in  the  rendering  of  vocal  music.  The  Maori  achieved 
a  regularity  and  precision  by  the  use  of  the  eye  alone  that  would  be 
unattainable  by  the  average  European.  They  did  remarkably  good  work 
without  the  assistance  of  a  foot-rule. 

The  standards  of  measurement  employed  by  the  Maori  may  be  termed 
personal  ones  :  it  may  almost  be  said  that  every  man  was  a  standard  unto 
himself,  inasmuch  as  the  human  body  and  limbs  were  the  mediums  em¬ 
ployed  in  measuring.  The  use  of  the  rauru,  or  me'asuring-rod,  hereinafter 
described,  may  possibly  be  looked  upon  as  the  first  step  in  the  fixing  of 
a  mechanical  medium  of  measurement,  although  such  a  unit  would  be 
awkward  on  account  of  its  length.  Had  the  evolution  of  a  standard  been 
carried  further,  then  a  reduction  of  the  fathom  unit  must  inevitably  have 
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taken  place.  In  such  crude  systems  do  we  observe  the  origin  of  the  methods 
of  civilized  communities. 

Primitive  man  seems  to  have  based  his  system  of  measurement  on  his 
own  body  and  its  parts  very  much  as,  in  many  cases,  he  did  his  system 
of  numeration.  Hence,  among  Polynesians  we  have  rima  =  the  hand,, 
and  rima  =  five  ;  also  ringa  =  the  hand,  and  ringa  =  a  unit  in  measure¬ 
ment  ;  together  with  honui  =  the  thumb,  koiti  =  the  little  finger,  and 
tuke  =  the  elbow  :  all  used  as  terms  in  measuring. 

The  following  list  includes  such  measurement  terms  or  units  as  we  have 
collected  from  different  tribes,  but  there  are  probably  other  expressions 
and  possibly  other  units  still  unknown  to  us  :• — 


Konui  . . 

Pona  konui 
Koiti  . . 

Koroiti 
Ringa  . . 
Matikara,  or  lesser 

Awanui 


Tuke 

Tuke  ringa 
Whaiianga 
Pakihiwi 
Tumu  .  . 

Hau 

Wahanga 
Pakihiwi  maw 
Metro  . . 
Whanganga 
Aronui 
Pae 


Takoto  . . 
Kumi  . . 


The  length  of  the  first  joint  of  the  thumb. 

Length  of  the  little  finger. 

Width  of  the  hand. 

Span  of  outspread  fingers  from  thumb -tip  to  tip 
of  little  finger  or  middle  finger. 

Width  of  two  hands  plus  length  of  thumbs  : 
hands  open,  fingers  together,  tips  of  out¬ 
stretched  thumbs  together. 

The  cubit.  Length  from  elbow  to  finger-tips. 


Full  length  of  arm,  shoulder  to  finger-tips. 

The  half  mdro.  From  middle  of  the  breast  to 
the  finger-tips  ;  arm  outstretched  horizontally. 

Length  of  arm  plus  breadth  across  shoulders. 

The  fathom.  Span  of  arms  outstretched  hori¬ 
zontally. 

Same  span  as  the  mdro,  but  arms  curved.  Used 
in  measuring  the  circumference  of  trees. 

Length  of  body  lying  prone  plus  that  of  arm 
outstretched  beyond  the  head. 

Ten  mdro  or  fathoms. 


Although  some  tribes  may  employ  other  terms,  and  possibly  even  some 
other  units,  in  regard  to  measuring,  yet  those  given  above  afford  a  very 
fair  illustration  of  the  Maori  system  of  measurement.  The  weakness  of 
that  system  is  discernible  at  a  glance  :  the  various  units  employed  would 
differ  in  length  according  to  the  height,  length  of  limb,  &c.,  of  the  individual. 
Hence,  when  engaged  in  any  work  necessitating  measurement,  those 
engaged  at  such  labours  often  selected  one  person  to  perform  all  tasks  of 
measuring  connected  with  the  undertaking.  The  writer  is  also  inclined 
to  think  that  the  discrepancies  involved  in  such  a  system  of  measurement, 
with  their  attendant  complications  and  confusion,  may  have  led  to  the 
favour  in  which  the  rauru,  or  measuring-rod,  was  held  among  the  Taki- 
tumu  tribes  of  the  East  Coast. 


Description  of  Units. 

The  Konui  or  Pona  konui. — The  konui,  or  length  of  the  first  joint  of  the 
thumb,  was  employed  in  cases  wherein  a  short  unit  or  standard  was  desir- 
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able.  For  instance,  it  was  employed  when  the  umbilical  cord  of  a  new¬ 
born  infant  was  to  be  severed,  in  order  to  measure  the  spot  at  which  it 

should  be  cut.  Some  natives  assert  that  the  konui  in  certain  districts 

implied  the  width  of  the  thumb,  but  the  fuller  term  pona  konui  seems  to 
denote  the  length  of  the  joint.  Example  :  Kia  toru  nga  pona  konui  ==  Let 
it  be  three  konui. 

The  Koiti  or  Koroiti. — Apparently  this  unit  was  not  much  used  ;  it  is 
the  name  of  the  little  finger,  and  means,  in  this  usage,  the  length  of  that 
member.  Example  :  He  poto  te  konui ,  tukua  ki  te  koiti  =  The  konui  is 
too  short ;  make  it  the  koiti. 

It  was  also  employed,  as  are  other  minor  units,  to  denote  an  excess 
over  some  longer  unit,  as  we  say  “  One  foot  two  inches.”  Example  : 
Kotahi  te  tuke,  me  te  koroiti  =  One  cubit  and  the  little  finger. 

The  Ringa  ,  (Hand).— This  expression  calls  for  a  double  explanation. 
The  method  adopted  in  most  districts  seems  to  have  been  to  extend  the 
thumb  of  the  open  hand,  the  medium  of  measurement  being  the  width 
of  the  hand  plus  the  length  of  the  thumb.  This  is  half  an  awanui.  In 
some  cases,  however,  the  thumb  was  not  extended ;  and,  again,  the  width 
of  the  palm  of  the  hand  alone  seems  to  have  been  used  as  a  unit.  The 
width  of  the  palm  was  taken  across  the  base  of  the  fingers,  in  line  with  the 
first  joint  of  the  thumb  ;  the  latter  might  be  included  if  considered  neces¬ 
sary.  Example  :  Kotahi  te  tuke  me  te  ringa  =  One  cubit  and  the  hand. 

A  more  precise  rendering  is  sometimes  heard,  as  in  the  remark,  He 
whanui  ringaringa  te  whanui  o  te  repehina  hei  takai  =  The  width  of  the  repe- 
hina  used  as  a  bandage  was  a  hand -breadth. 

The  width  of  two  or  more  fingers  was  not  uncommonly  used  as  a 
medium.  Thus,  in  measuring  the  space  for  the  koropihanga  of  a  new  house, 
a  measure  of  three  finger-widths  might  be  employed ;  or  one  might 
-exclaim,  u  E !  Kia  wha  nga  matikara,  kia  mdru  ai  te  takoto  o  te  au”  =  Oh! 
Let  it  be  four  fingers,  so  that  the  smoke  may  hang  well.  This  term  mdru 
is  a  peculiar  word,  and,  used  in  the  above  sense,  seems  to  differ  in  meaning 
irom  iri,  tarewa,  and  hokai. 

When  the  width  of  the  palm  of  the  hand  is  employed  as  a  means  of 
measurement,  one  might  object  and  remark,  “  Apititia  a  konui”  =  Add  the 
thumb  ;  in  which  case  the  width  of  the  thumb  would  be  added  to  that  of 
the  palm. 

The  Matikara  or  lesser  Whanganga. — This  is  the  finger-span  occasionally 
employed  by  ourselves,  the  span  of  the  outstretched  fingers  of  one  hand 
from  thumb-tip  to  finger-tips.  Natives  employ  it  when  measuring  com¬ 
paratively  short  objects.  One  sees  wood-carvers  using  this  method. 

The  Awanui.- — This  is  the  span  of  both  open  hands,  with  the  thumbs 
outstretched  and  the  tips  thereof  placed  together,  the  fingers  being  kept 
together.  Natives  may  be  seen  measuring  planks  in  this  manner,  or  such 
an  implement  as  a  span-rod.  Example :  He  awanui  te  tatai  o  taua 
whare  —  The  unit  of  measurement  of  that  house  was  the  awanui. 

The  Whatianga,  or  Tuke ,  or  Tuke  ringa.- — This  is  the  cubit  of  olden 
times— the  length  of  the  forearm  and  hand,  from  elbow  to  finger-tips — a 
universal  medium  of  measurement  in  Maoriland.  The  word  whatianga 
implies  an  angle,  a  bend,  or  bending  ;  the  arm  is  bent  in  using  or  denoting 
this  unit.  Tuke  is  the  elbow,  or  a  joint,  and  is  also  applied  to  the  joints 
of  a  bird’s  wing.  The  elbow  is  often  alluded  to  as  the  tuke  o  te  ringa  =  the 
joint  of  the  arm.  Examples :  Kei  te  whatianga  o  te  ringaringa  te 
roa  =  The  length  was  that  of  the  bend  of  the  arm.  Ko  te  whanui  kia 
kotahi  te  whanganga  me  te  tuke  rinaa  =  Let  the  width  be  one  fathom  and 
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a  cubit  (literally,  “  an  arm-joint  ”).  Hei  te  tuke  ringa  te  roa ,  te  whanui,  te 
hohonu  hoki  o  taua  waro  =  The  length,  width,  and  depth  of  that  pit  was 
a  cubit.  Occasionally  the  statement  is  more  precise,  as  in  Kia  kotahi 
te  roa  o  te  tuke  ringaringa,  a  tae  noa  ki  te  mapere,  te  roa  o  taua  pou  —  The 
height  of  that  post  should  be  one  arm- joint,  right  out  to  the  middle  finger. 
Again,  a  more  unusual  form  is  Ko  te.roa  koia  kei  te  take  o  te  ringa  a  tae  noa 
ki  te  pito  o  roto  o  te  kapu  o  te  ringaringa  tangata  =  The  length  is  that  from 
the  elbow  as  far  as  the  inner  end  of  the  palm  of  the  human  arm. 

This  cubit  unit  was  employed  in  many  ways,  one  of  which  was  in  spacing 
the  parua,  or  basin-shaped  holes  in  which  the  taro  ( Colocasia  antiquorum) 
was  planted. 

The  Tumu  or  Pakihiwi.' — Both  of  these  terms  denote  the  shoulder.  As 
names  of  a  unit  of  measurement  they  mean  the  full  arm-length,  from 
shoulder  to  finger-tips.  Apparently  the  hau,  or  half -fathom,  was  much  more 
generally  employed  than  the  tumu. 

The  Hau  or  Wahanga  — The  hau  is  half  the  mdro  (fathom).  As  the 
latter  consists  of  the  span  of  the  two  extended  arms,  the  hau  or  half  mdro 
is  the  distance  from  the  middle  of  the  body  to  the  finger-tips.  The  word 
wahanga  means  a  division  or  portion  of  anything.  Examples  :  Kotahi  te 
hau  me  te  tuke  =  One  hau  and  a  cubit.  Kia  kotahi  te  hau  te  whanui  =  Let 
the  width  be  one  hau .  Ko  nga  pou  matua  kia  kotahi  te  hau  ki  te  whenua  = 
Let  the  main  posts  be  sunk  one  hau  in  the  earth.  The  hau  is,  roughly 
speaking,  a  measure  of  about  3  ft. 

There  is  some  evidence  to  show  that  two  measures  between  the  hau 
and  the  mdro  were  occasionally  used  ;  no  specific  names  for  them  have 
been  collected.  One  was  the  distance  from  the  finger-tips  of  the  extended 
arm  across  the  body  to  the  opposite  shoulder,  while  the  other  was  the 
same  plus  the  length  of  the  upper  part  of  the  other  arm.  To  denote  this 
latter  measurement  the  right  arm  is  extended  horizontally,  while  the  left 
arm  is  raised  in  a  bent  form,  the  upper  arm  only  being  horizontal,  as  the 
measurement  terminates  at  the  elbow.  This  measure  is  termed  tuke  in 
some  districts. 

Pakihiwi  maro,  or  Pakihiwi. — In  the  fifth  edition  of  Williams’s  Maori 
Dictionary  these  terms  are  given  as  “  the  measure  from  one  shoulder  to 
the  extended  fingers  of  the  other  hand.”  Examples  :  Te  roa  o  taua  taniwha 
e  rua  pakihiwi  maro.  Tena,  whangangatia  te  rakau ,  e  hia  nga  pakihiwi. 

Th e  - Metro,  or  Whanganga,  or  Aronui. — This  is  the  fathom,  the  span 
of  the  arms  outstretched  horizontally.  As  verbs,  whanga  and  whanganga 
mean  “  to  measure  with  extended  arms  or  fingers.”  A  log  or  a  canoe 
would  be  measured  by  means  of  the  extended  arms- — that  is  to  say,  in 
fathoms.  The  finger-span,  or  lesser  whanganga,  is,  of  course,  used  only 
when  measuring  short  objects.  Examples  :  Of  whanganga  :  Kia  waru 
whanganga  te  roa  o  te  whare  =  Make  the  length  of  the  house  eight  fathoms. 
Ko  te  roa  e  rua  whanganga  me  te  hau  =  The  length  is  two  fathoms  and  a 
hau  (i.e.,  2|  fathoms).  Of  whanganga  as  a  verb  :  Whangangatia  te  rakau 
na  —  Measure  yon  log.  Of  aronui  :  Kotahi  te  aronui  me  te  tuke  —  One 
fathom  and  a  cubit.  Kia  hokorua  ma  wha  nga  aronui  ==  Make  it  twenty- 
four  fathoms.  Of  mdro  :  Ko  tona  roa  e  wha  maro,  ko  te  ivhanui  kotahi 
maro  =  Its  length  is  four  fathoms,  the  width  one  fathom. 

Occasionally  in  narrative  the  unit  is  not  specified,  but  is  understood  ; 
as,  He  ngarara  nui  tenei,  e  waru  te  roa  =  This  was  a  huge  reptile,  eight  the 
length.  Here  maro  is  understood. 

The  terms  maro  and  kumi  are  both  employed  in  Polynesia  as  measure¬ 
ment  terms. 
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The  Pae. — This  word  is  used,  as  is  whanganga,  both  as  noun  and  verb, 
’but  only  in  the  measurement  of  the  girth  of  trees  or  other  objects.  The 
unit  is  the  fathom  of  the  outstretched  arms,  but  the  arms  are  bent  so  as  to 
embrace  the  object  measured.  The  size  of  a  tree  is  denoted  by  its  girth 
in  pae  near  the  base.  Examples  :  He  rakau  nui  tera  ;  pae  torn  —  That 
tree  is  a  large  one- — -three  pae.  Pae  hia  te  rdkau  na  ?  =  How  many  pae 
is  yon  tree  ?  Pae  tahi  =  One  pae.  Pae  wha  —  Four  pae.  (Inasmuch  as 
this  expression  is  employed  only  in  measuring  girth,  it  is  never  confused 
with  maro ,  which  is  used  in  linear  measurement  alone).  As  a  verb  :  Ka 
paea  te  rakau  =  The  tree  was  measured.  Paea  te  rakau  na  =  Measure  yon 
tree. 

In  measuring  the  girth  of  a  tree  by  this  method  the  word  hamama, 
meaning  “  open  ”  or  “  gaping,”  is  employed  to  denote  an  incomplete  pae. 
Thus  pae  rua  hamama  means  a  girth  of  between  two  and  three  arm-clasps 
- — the  second  extension  of  the  arms  does  not  complete  the  measurement, 
which  is,  however,  under  three  pae.  Literally  the  expression  means  44  two 
pae  open.”  Another  mode  of  expressing  the  same  thing  is  Pae  rua,  hamama 
te  torn  =  Two  pae,  the  third  open  (i.e.,  incomplete). 

In  some  districts  the  word  hamanga  takes  the  place  of  hamama,  at 
least  in  linear  measurement.  (See  example  under  kumi.) 

The  Takoto.- — We  now  come  to  the  takoto,  a  curious  method  of  measuring, 
being  the  length  of  the  body  plus  that  of  the  arm  extended  straight  up 
over  the  head.  It  was  used  in  horizontal  measurements,  the  operator 
lying  down  at  full  length  with  one  arm  extended  past  his  head.  He  would 
make  a  mark  at  the  extremity  of  his  reach,  then  get  up  and  lie  down  again 
with  his  feet  to  that  mark,  and  so  on- — surely  a  cumbrous  method  of 
measuring.  Captain  R.  A.  Cruise,  of  the  84th  Regiment,  has  given  us  an 
illustration  of  this  method  in  his  Journal  of  a  Ten  Months'  Residence 
in  New  Zealand,  published  in  1823.  While  his  vessel  was  lying  at  the 
Bay  of  Islands  on  the  27th  April,  1820,  several  natives  visited  the  ship, 
including  a  native  of  the  Marquesas  Group,  far  away  in  eastern  Polynesia. 
A  chief  from  the  North  Cape  district  was  one  who  boarded  the  vessel,  and 
Captain  Cruise  remarks,  44  He  alone  came  up  the  side  ;  and,  after  gazing 
about  for  some  time,  proceeded  to  measure  the  ship  from  stem  to  stern. 
This  he  effected  by  prostrating  himself  upon  the  deck,  and  marking  upon 
it  the  distance  between  his  feet  and  the  extreme  ends  of  his  hands,  which 
he  extended  as  far  beyond  his  head  as  he  could,  counting  at  the  same  time 
the  number  of  prostrations  he  had  made.  When  he  had  got  the  length, 
he  ascertained  in  the  same  way  the  breadth  of  the  vessel,  and  announced 
it  from  the  poop  to  his  astonished  followers  who  sat  in  their  canoes.” 

When  La  Perouse  visited  Easter  Island  in  1786  the  natives  were  much 
interested  in  measuring  his  vessel.  44  The  exactness  with  which  they 
measured  the  ship  showed  that  they  had  not  been  inattentive  spectators 
of  our  arts  .  .  .  and  they  returned  the  next  day  with  a  cord  to  take 

the  measure  over  again.”  He  does  not  mention  the  medium  of  measure¬ 
ment  in  the  first  instance. 

When  the  44  Active  ”  was  lying  in  Palliser  Bay  in  1836  some  natives 
measured  the  length  of  the  vessel,  employing  the  maro  unit. 

Example  :  E  wha  takoto  te  roa  =  The  length  is  four  takoto.  The  word 
takoto  means  44  to  lie,”  hence  its  use  as  a  name  for  this  unit. 

The  Kumi.' — This  standard  is  not  any  form  of  body  measurement,  but 
is  a  multiple  of  one.  It  is  a  specific  term  for  ten  maro,  or  fathoms,  and  the 
only  special  multiple  term  used  by  the  Maori  in  connection  with  his  primitive 
mode  of  measuring.  The  kumi  represents  a  distance  of  about  60  ft. 
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Examples  :  Kotahi  Tcumi  ma  rua  —  One  kumi  and  two.  Here  the  word 
maro ■  (fathoms)  is  understood  in  connection  with  the  word  “  two/5  hence 
“  twelve  fathoms  55  is  implied.  In  some  cases  a  further  abbreviation  occurs, 
as  in  Kumi  ma  torn  =  Kumi  and  three  (for  “  thirteen  fathoms  ”).  Herein 
the  words  “  one  55  and  “  fathoms  ”  are  understood.  Rua  kumi  ma  warn  = 
Two  kumi  and  eight  (denoting  twenty-eight  fathoms,  or  two  kumi  and 
eight  fathoms). 

Again,  the  odd  fathoms  may  be  omitted,  but  implied  by  the  use  of 
the  word  hamanga  (cf.  hamama  under  “  Pae  ”).  Example:  Kotahi  kumi, 
hamanga  te  rua  —  One  kumi,  the  second  open  (or  lacking)' — showing  that 
the  second  kumi  is  incomplete.  This  simply  shows  the  distance  to  be 
something  between  10  and  20  fathoms' — an  indefinite  statement. 

The  kumi  was  the  longest  standard  employed  by  the  Maori.  In 
defining  long  distances  he  fell  back  on  comparison — “  As  far  as  from  here 
to- — —  55  (mentioning  some  place). 

The  Rauru,  or  Measuring-rod.- — In  describing  house-building  operations 
a  Maori  would  mention  the  name  of  the  person  whose  arm-span  (wha¬ 
ng  ang  a)  was  employed  in  the  measurements  of  the  house,  as  Te  aronui 
no  mea  tangata  55  =  The  aronui  was  So-and-so’s.  The  arm-span  of  this 
person  would  be  marked  on  a  cord  or  rod  for  measuring  purposes.  Some 
men- — persons  of  importance,  such  as  a  leading  chief- — kept  a  permanent 
measuring-rod,  with  their  arm-span  and  other  measurements,  the  hau, 
whatianga,  &c.,  marked  on  it.  This  he  would  use  on  all  occasions  when 
such  a  thing  was  required.  Others  would  also  borrow  it,  as  when  building 
a  house.  Such  a  measuring-rod  was  called  a  rauru  on  the  East  Coast ; 
and  a  person  who  borrowed  it  would  remark,  “  My  house  was  measured 
with  the  rauru  of  So-and-so.”  The  rod  of  a  man  of  high  rank  would  be  a 
prized  item  and  much  sought  after,  as  on  loan.  The  rauru  o  Kahu-ngunu 
(i o  =  of)  was  a  famous  one,  handed  down  for  many  generations  on  the 
East  Coast,  and  is  said  to  have  belonged  to  the  ancestor  of  that  name  who 
flourished  about  twenty  generations  ago.  Such  rods  were  usually  made 
of  ake  rautangi,  a  hard  and  durable  timber.  In  some  cases  the  marks  on 
the  rod  were  bordered  with  a  carved  design  termed  koropito,  relieved  with 
small  pieces  of  bright-coloured  Haliotis  shell  countersunk  in  the  wood,  a 
process  known  as  korotiwha  and  tiwha.  Any  person  wishing  to  borrow 
such  a  rod  would  probably  make  a  present  to  the  owner  thereof  prior  to 
obtaining  the  loan  of  it.  “  Na  te  rauru  o  mea  i  tatai  te  whare  nei  ”  =  By 
the  rauru  of  So-and-so  was  the  house  measured.  No  such  rods  are  now 
in  existence.  It  is  certain,  however,  that  the  use  of  such  a  rod  was  not 
only  not  universal,  but  also  was  perhaps  confined  to  the  East  Coast  or 
a  portion  of  that  district.  Mr.  White  has  a  note  to  the  effect  that  a  man 
sometimes  used  his  walking-staff  as  measuring-rod  when  laying  off  a  new 
house. 

A  cord  measure  would  be  used  in  house-building,  for  measuring  diagonals 
in  squaring  the  frame,  &c.  This  cord  was  called  a  taura  tieke. 

Additional  terms  implying  deficiency  in  measurements  :  The  word 
koha  denotes  a  deficiency  in  measuring,  an  incomplete  unit,  as  Te  roa  o  te 
mea  nei,  kotahi  te  hau  me  te  koha  —  The  length  of  the  item  is  one  hau  and 
a  surplus  (that  is,  between  one  and  two  hau,  the  second  being  incomplete). 
Williams’s  Maori  Dictionary  gives  E  wha  te  roa  o  te  rakau,  kaore  he  koha  — 
The  length  of  the  timber  is  four  (fathoms  understood)  and  no  koha.  One 
also  meets  with  this  form  :  Te  koha  o  te  whare  he  pana  tahi  nga  heke  = 
The  discrepant  feature  of  the  house  is  the  odd  rafter.  And  this  :  Ka  pana 
tahi  te  whare,  ara  nga  pou — as  said  of  a  house  having  one  more  side-post 
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on  one  side  than  on  the  other.  Williams  also  gives  huka  ==  deficient  in 
measurement ;  as  E  warn  mdro  te  roa,  huka  to  te  iwa  =  The  length  is  eight 
fathoms,  the  ninth  being  deficient. 

Tatai  is  the  verb  “  to  measure”;  whanganga,  to  measure  with  the 
extended  arms,  in  fathoms  ;  pae,  to  measure  by  clasping,  as  in  ascertaining 
the  girth  of  a  tree,  and  perhaps  awhe  is  sometimes  used  in  the  same  sense. 
Among  the  Tuhoe  folk  tieke  seems  to  be  used  as  a  verb,  denoting  the 
measuring  of  diagonals. 

A  piece  of  wood  (papa  kupenga)  was  used  by  some  net-makers  as  a 
mesh-gauge  ;  others  used  the  bunched  fingers  for  that  purpose.  Rods, 
small  sticks,  and  string  were  sometimes  used  for  measuring  purposes.  A 
rod  called  a  teka  was  sometimes  used  as  a  spacing-medium  in  planting 
the  kumara  or  sweet  potato. 

In  travelling,  distance  was  denoted  by  time  measurement,  as  in  the 
change  of  the  sun’s  position,  or  by  comparison. 

These  old  native  terms  for  measures  are  now  falling  into  disuse ;  many 
natives  never  seem  to  employ  them.  They  now  speak  of  yards,  chains, 
and  miles,  but,  as  a  rule,  have  the  wildest  ideas  of  expressing  distance  in 
these  terms.  The  writer  was  once  crossing  Waikare  Moana  in  a  Maori 
canoe  when  one  of  the  natives  remarked,  “  I  think  that  if  we  were  to  attack 
the  Pukehuia  Pa  (fort)  now  we  might  fire  from  the  opposite  shore  of  the 
lake,  for  a  rifle  will  carry  one  hundred  yards- — or  is  it  one  hundred  miles  ?  ” 

The  marked  feature  of  the  Maori  modes  of  measurement  is  their 
indefiniteness,  each  man  being  a  standard  unto  himself.  Such  irre¬ 
sponsible  methods  would  be  unendurable  in  a  higher  culture  stage,  but 
doubtless  served  the  purpose  of  the  Maori,  whose  keen  eyes  often  stood 
him  in  good  stead  in  the  remedying  of  errors  and  deficiencies. 


Commercial  Uses  of  New  Zealand  Minerals  (chiefly  Non- 

metallic)  and  Rocks. 

By  P.  G.  Morgan,  M.A.,  F.G.S.,  Director,  N.Z.  Geological  Survey. 

In  addition  to  the  mining  industries  proper,  a  considerable  number  of 
industries  depending  upon  or  employing  mineral  substances  to  a  greater 
or  less  extent  have  been  established  in  New  Zealand.  Some  of  these 
industries  use  materials  obtained  in  the  Dominion,  whilst  others  import 
materials  which  are  locally  procurable,  in  some  cases,  at  lower  prices  than 
the  imported  substances.  Many  new  industries  could  be  established,  and 
some  former  industries  now  extinct  could  be  revived,  if  sufficient  data 
concerning  possible  sources  of  raw  materials  were  available.  It  is  sur¬ 
prising  what  a  number  of  rocks,  and  of  minerals  occurring  as  constituents 
of  rocks,  are  saleable  for  some  purpose  or  other,  especially  in  the  powdered 
state.  In  fact,  almost  every  rock  when  powdered  seems  to  have  a  com¬ 
mercial  use. 

The  following  list  will  be  found  useful,  in  the  first  place  by  prospectors 
and  miners  who  may  have  the  mineral  or  rock  for  sale,  and  in  the  second 
place  by  manufacturers  and  those  who  desire  to  start  new  industries.  A 
few  uses  for  metals  and  metallic  compounds  are  given,  but  the  list  is 
intended  mainly  to  suggest  uses  for  non-metallic  substances.  The  localities 
in  which  the  minerals  occur  are  named  in  List  of  the  Minerals  of  New 
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Zealand ,  1913,  by  P.  G.  Morgan  and,  J.  A.  Bartrum.*  The  compilation 
of  the  present  list  was  suggested  by  a  recent  article  in  the  Mining  and 
Scientific  Press f  (San  Francisco),  written  by  Herbert  Lang,  and  entitled 
“  Secondary  Economic  Minerals  of  California.”  Much  of  the  information 
here  given  has  been  taken,  with  little  or  no  alteration,  from  Mr.  Lang’s 
article. 

Alum-shale. — Manufacture  of  alum,  aluminium  sulphate. 

Alunite.- — Manufacture  of  potash,  aluminium  sulphate.  When  ground,  can 
be  applied  direct  to  soil  as  a  fertilizer  (on  account  of  potash-content). 
Amphibole  (Hornblende,  &c.).- — Powdered  amphibole  rocks  (and  most  other 
rocks)  may  be  used  for  heat-insulation.  See  also  Asbestos. 

Antimony-ore. — Manufacture  of  metallic  antimony,  antimony  -  alloys,  and 
numerous  compounds. 

Arsenic-ore.- — Manufacture  of  white  arsenic,  paris  -  green,  arsenical  soap, 
sodium  arsenate,  yellow  and  red  orpiment  (pigments),  and  various  other 
substances.  Arsenic  disulphide  is  used  in  calico-printing,  dyeing, 
tanning,  and'  fireworks  trades.  White  arsenic  is  used  as  a  poison,  in 
glassmaking,  and  in  manufacture  of  substances  mentioned  above. 
Asbestos. — Used  in  fireproof  paints,  incombustible  curtains  (for  theatres,  &c.), 
cloth,  rope,  felted  boards,  wall-plaster,  patent  shingles,  roofing,  asbestos- 
cement,  paper  -  stock,  piston  and  valve  packings,  in  the  fireproof 
packing  of  safes  and  vaults,  and  for  heat-insulation  generally.  The 
name  “  asbestos  ”  as  here  used  includes  both  “  true  ”  asbestos  and 
“  chrysotile  ”  asbestos. 

Bante  (Barytes,  Heavy-spar).- — Manufacture  of  paint  (especially  lithophone), 
linoleum,  putty,  pottery,  artificial  ivory,  glass,  paper,  and  various 
chemicals.  Also  said  to  be  used  in  the  manufacture  of  some  classes 
of  rope  and  rubber. 

Brown  Coal. — See  Coal,  Lignite. 

Building -stone.- — Building-stones  are  not  here  enumerated  as  such.  See, 
however,  Granite,  Limestone,  Marble,  Serpentine,  Slate. 

Calcite.- — See  Limestone. 

Carbon  Dioxide.- — Used  for  aerated  waters,  &c.  This  gas  issues  in  quantity 
from  oil-bores  at  Kotuku  (Westland)  and  at  New  Plymouth. 

Chalk.- — Manufacture  of  cement,  whiting,  putty,  carbon  dioxide,  &c.  Used 
in  agriculture  as  a  soil-dressing,  after  being  broken  in  small  pieces  or, 
if  necessary,  ground.  Its  use  as  a  rough  writing  -  material  hardly 
requires  mention.  Blackboard  “  chalk  ”  or  crayons,  however,  are 
prepared  from  gypsum. 

Chromite  (Chrome-iron  Ore).— Manufacture  of  chrome  steel,  and  of  refrac¬ 
tory  linings  for  steel-furnaces.  Chromium  salts  are  used  in  tanning 
(chrome  leather),  in  photography,  and  in  manufacture  of  dyes  and 
colours  (chrome-yellow). 

Chrysotile. — See  Asbestos. 

Cinnabar  (Mercury-ore).- — Metallic  mercury  is  largely  used  in  the  extraction 
of  gold  and  silver  from  their  ores  (amalgamation  processes).  It  has 
many  other  uses  in  arts,  manufactures,  and  scientific  laboratories. 
Compounds  of  mercury  have  numerous  important  uses. 

*  Many  additional  localities  have  been  noted  since  this  publication  was  issued, 
both  in  the  previous  literature  and  as  new  discoveries.  Few  of  these,  however,  are 
of  known  importance.  An  exception  is  that  of  clays  or  allied  substances  suitable  for  use 
as  fuller’s  earth.  Such  clays  are  now  known  to  exist  in  the  Gore,  Waipa,  and  Whangarei 
districts,  and,  it  is  believed,  in  the  Gisborne  district, 
t  Vol.  1 14,  No.  10,  10th  March,  1917,  p.  334. 
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Clay ,  China.- — See  Kaolin. 

Clay,  Common.' — Used  for  cement,  common  bricks,  vitrified  bricks,  tiles, 
terra-cotta  ware,  as  a  lubricant  (emollient),  filler  (paint,  &c.),  adulterant, 
and  in  ropemaking.  ,  Used  also  for  cleaning  (pipeclay),  as  a  mortar, 
for  adobe  buildings  (made  of  sun-dried  bricks),  for  wattle-and-daub 
huts,  for  dams,  and  many  other  purposes. 

Claystone.— Used  for  cement,  bricks,  tiles,  &c.  See  also  Clay,  Shale,  Slate. 
If  calcareous,  may  be  used  as  a  soil-dressing. 

Coal .■ — Not  only  is  coal  man’s  principal  source  of  artificial  heat  and  power, 
but  numerous  industries  employ  coal-products  as  essential  materials. 
The  most  noteworthy  of  these  are  those  using  coal-tar  products  (aniline 
dyes,  &c.),  ammonia  and  ammonium  sulphate,  and  other  important  by¬ 
products  of  coal. 

Copper-ore.' — Manufacture  of  copper  and  copper-alloys,  and  of  numerous 
salts  used  in  the  arts  and  manufactures. 

Diatomaceous  or  Infusorial  Earth.- — Used  as  an  absorbent  for  nitro-glycerine 
in  the  manufacture  of  dynamite  ;  as  a  heat-insulator  for  covering 
boilers  and  steam-pipes,  and  for  protecting  refrigerating-chambers  ;  as 
a  fireproofing  material  ;  as  a  soundproofing  material  ;  in  manufacture 
of  polishing-powders  (Tripoli  powder),  scouring-soap,  pottery,  bricks, 
and  sodium  silicate  (soluble  glass)  ;  as  a  filtering-material,  and  as 
material  for  asphalt  pavements. 

Dolomite.- — Used  as  a  refractory  lining  for  steel-furnaces,  as  a  flux  in  metal- 
smelting,  and  in  manufacture  of  whiting.  When  calcined  or  ground 
it  may  be  used,  notwithstanding  its  high  magnesia-content,  as  a  sub¬ 
stitute  for  ordinary  lime,  both  for  making  mortar  and,  under  certain 
conditions,  as  a  soil-dressing. 

Feldspar,  Potash.- — Used  (when  ground)  in  the  manufacture  of  cement, 
pottery,  some  classes  of  tiles  and  bricks,  enamel-ware,  glass,  artificial 
stone,  scouring-soap,  and  as  an  abrasive.  A  special  quality  is  used 
in  making  dental  porcelain.  May  also,  if  finely  ground,  be  used  as  a 
fertilizer  (on  account  of  potash-content).  It  may  also  be  possible  to 
make  potash  salts  from  feldspar  on  a  commercial  scale. 

Feldspar,  Soda,  Soda-lime,  and  Lime.- — May  be  used  for  some  classes  of 
pottery  and  glass,  for  artificial  stone,  scouring-soap,  abrasive  pur¬ 
poses,  &c. 

Fireclay.— Used  for  making  refractory  bricks  (firebrick,  &c.).  Some  fire¬ 
clays  may  be  used  for  pottery. 

Flint.- — -Pebbles,  if  moderately  round  in  two  directions,  are  used  in  tube 
mills  for  the  fine  grinding  of  quartz  (gold-ores),  limestone  (cement- 
works),  &c.  Calcined  and  ground  flint  is  used  in  pottery-manufacture 
(one  purpose  being  to  render  somewhat  fusible  clays  less  fusible),  in 
glass-manufacture,  &c. 

Fluorite  (or  Fluor-spar). — Used  in  manufacture  of  glass,  porcelain,  enamel, 
and  some  kinds  of  pottery  (sanitary  ware),  and  as  a  flux  in  metal- 
smelting,  especially  for  iron-ore.  Used  also  in  the  manufacture  of 
aluminium  (as  a  flux),  of  hydrofluoric  acid,  of  sodium  fluoride,  and  of 
cyanamide. 

Fuller's  Earth. — A  special  kind  of  clay.  Used  in  papermaking,  and  as  a 
decolorizing,  deodorizing,  clarifying,  and  filtering  agent  in  the  cleansing 
of  woollen  goods,  in  soap-refining,  in  oil-refining,  &c.  Is  an  absorbent 
for  grease,  &c. 

Ganister. — Practically  a  somewhat  fine-grained  sandstone.  Used  in  making 
refractory  firebricks. 
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Garnet ,  Common. — Used  as  an  abrasive,  and  in  the  manufacture  of  garnet- 
paper. 

Gas ,  Natural. — Used  for  heating,  lighting,  and  power  purposes. 

Glauconite  (see  also  Greensand). — Used  as  a  soil-dressing. 

Granite. — Solid  granite  is  used  as  a  building-stone,  &c.  -Crushed  granite 
is  used  in  the  manufacture  of  flooring  and  artificial  stone,  and  in 
exterior  plastering. 

Graphite  (or  Blacklead). — 'Used  in  electrical  appliances,  in  electrotyping, 
as  a  filler  for  dry  batteries,  for  stove-polish,  paint,  manufacture  of 
printer’s  ink,  lead-pencils,  lubricants,  gunpowder  (as  a  coating  to 
grains),  for  coating  foundry  moulds,  &c.,  and  for  crucibles.  Has  many 
other  minor  uses. 

Gravel—  Used  for  roadmaking,  concrete,  &c. 

Green  Earth. — Used  for  paint. 

Greensand. — Used  as  a  soil-dressing  (on  account  of  its  potash,  lime,  and 
phosphate  contents).  Could  also  be  used  in  paintmaking.  See  also 
Green  Earth. 

Gypsum. — Used  in  the  manufacture  of  cements,  plaster,  paper,  glass,  and 
paint,  and  as  a  fertilizer. 

Haematite.- — Chief  use  is  as  an  iron-ore,  but  is  used  also  for  paint,  and  as  a 
flux  for  copper-ores,  &c. 

Halloysite.- — See  Kaolin. 

Ilmenite. — Used  in  manufacture  of  ferro  -  titanium,  cupro-titanium,  and 
various  titanium  compounds.  See  also  Titaniferous  Ironsand. 

Infusorial  Earth. — See  Diatomaceous  Earth. 

Iron-ochre. — Used  in  paint-manufacture. 

Iron-ores. —Used  in  manufacture  of  iron  and  steel.  For  other  uses  see 
Haematite,  Limonite,  Iron-ochre,  Pyrite. 

Ironsand.- — See  Iron-ore,  Titaniferous  Ironsand. 

Jasper. — Used  as  an  abrasive,  in  manufacture  of  concrete  artificial  stone, 
flooring  and  roofing  (cement  shingles),  and  in  plaster-work. 

Kaolin  (in  sense  of  White  Clay  of  any  kind).- — Used  in  manufacture  of 
pottery  (including  porcelain),  paint,  paper,  soap,  and  ultramarine. 

Kauri-gum  (or  Kauri-resin). — Used  for  varnishes,  &c. 

Lead-ores.- — Used  primarily  in  manufacture  of  lead,  lead-alloys,  &c.,  and 
secondarily  in  manufacture  of  white-lead,  red -lead,  &c. 

Lignite. — Used  as  fuel,  and  as  source  of  tar,  oil,  &c.  See  also  Coal. 

Limestone. — Used  as  a  building-stone  ;  in  making  quick  and  slaked  lime  ; 
in  manufacture  of  cement,  calcium  carbide,  cyanamide  ;  as  a  flux  in 
iron,  copper,  and  lead  smelting  ;  and  by  numerous  industries,  including 
paper-manufacturers,  sugar-refiners,  tanners,  and  chemical  and  fertilizer 
manufacturers.  Crushed  limestone  or  some  other  form  of  carbonate 
of  lime  {e.g.,  shells)  is  required  for  poultry.  Finely  ground  limestone 
is  used  for  making  whiting,  and  by  flour-millers  for  some  unspecified 
purpose.  Ground  limestone  is  also  used  (without  calcination  or  “  burn¬ 
ing  ”)  as  a  soil-dressing.  See  also  Chalk,  Marble. 

Limestone ,  Argillaceous. — Used  for  manufacture  of  hydraulic  cement. 

Limestone ,  Siliceous. — Used  in  manufacture  of  mineral  wool. 

Limonite.— Used  as  an  iron-ore,  for  paint,  and  for  metal-polish. 

Lithographic  Limestone.- — Used  by  printers  and  engravers. 

Manganese- ore. — Used  in  manufacture  of  manganese-alloys  {e.g.,  manganese- 
steel),  and  in  manufacture  of  dry  batteries,  glass,  paints,  and  certain 
kinds  of  pottery  (brick  and  tile).  Manganese  oxides  are  used  as 
oxidizers  in  some  smelting  processes,  and  are  also  used  as  soil-fertilizers 
in  special  cases.  Salts  of  manganese  have  extensive  uses.  At  one 
time  manganese  dioxide  was  indispensable  in  the  manufacture  of  chlorine. 
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'Marble.- — Has  all  the  uses  of  limestone,  and  in  addition  is  used  largely  as 
an  ornamental  stone. 

Marl. — Used  as  a  soil-dressing  (mainly  on  account  of  its  carbonate-of-lime 
content). 

Mercury-ore.- — See  Cinnabar. 

Mica.—- Extensively  used  in  dynamos,  motors,  and  other  electrical  appli¬ 
ances  as  an  insulator ;  for  diaphragms  of  phonographs ;  for  stove 
and  furnace  windows  ;  as  a  heat-insulator ;  and  in  manufacture  of 
“  micanite,”  roofing,  wall  and  other  papers,  rubber  (adulterant),  and 
artificial  stone.  Used  also  in  the  preparation  of  lubricating-compounds 
and  as  an  absorbent. 

Molybdenite. — Yields  molybdenum  and  molybdenum  compounds.  Used  for 
molybdenum  steel,  in  manufacture  of  cordite  (as  a  preservative),  and  in 
porcelain-manufacture  (as  colouring-material). 

Nitrogen. — The  nitrogen  of  the  air  may  be  “  fixed  ”  in  various  ways  (e.g., 
in  the  manufacture  of  calcium  amide  or  cyanamide),  and  so  utilized 
for  manufacture  of  nitric  acid,  nitrates,  &c. 

Ochre. — Used  in  the  manufacture  of  paints  of  many  colours  and  shades, 
and  of  clay  goods.  See  also  Iron-ochre. 

Oil- shale. — The  source  of  many  kinds  of  oil.  Some  so-called  oil -shales 
approach  coal  or  lignite  in  composition,  and  may  be  used  direct  as  fuels. 

Oxygen. — Nearly  pure  oxygen  may  be  obtained  from  the  air  by  many 
processes,  and  has  numerous  uses. 

Peat.- — -Used  as  fuel,  as  source  of  gas  and  oil,  as  bedding  for  animals,  as 
antiseptic.  The  peat  of  many  swamps  in  Auckland  contains  much 
kauri-resin,  and  yields  valuable  oils.  Some  peats  have  value  as  a  source 
of  nitrogen,  which  may  be  produced  from  them  in  the  form  of  ammonia 
or  other  nitrogen  compound. 

Phosphate  Rock. — -Used  as  fertilizer,  and  in  porcelain -manufacture. 

Potash  Feldspar. — See  Feldspar. 

Pounamu  (Nephrite,  or  Greenstone). — -Used  for  ornamental  purposes. 

Pumice. — Used  as  a  heat-insulator,  for  sound  and  fire  proofing,  for  paints 
(as  a  stock),  scouring-soaps,  metal-polishes,  and  in  concrete.  Lump 
pumice  is  used  for  wood-polishing,  scouring  metal  surfaces,  cleaning 
lithographic  stones,  &c. 

Pyrite . — Used  as  a  source  of  sulphur.  The  residue  if  thoroughly  roasted 
becomes  an  iron-ore,  or  may  be  used  for  making  paint,  or  for  purifying 
coal-gas. 

Quartz. — Used  in  the  manufacture  of  glass,  paint  (as  a  stock),  pottery, 
firebricks,  silica  brick,  scouring-soaps,  metal-polish,  sandpaper,  polishing- 
powder,  artificial  stone,  concrete,  plastering,  and  roofing.  Used  as  a 
flux  by  copper  and  other  metal  smelters,  as  a  lining  for  smelting  and 
other  furnaces,  as-  lining  for  tube  mills,  for  filtering,  and  for  acid-towers. 
Used  also  by  chemical-manufacturers  and  in  the  making  of  ferro -silicon 
and  heat-resisting  or  acid-resisting  laboratory  ware.  See  also  Sand. 

Resin,  Coal. — Commercial  uses  are  likely  to  be  discovered  for  the  resin 
plentifully  found  in  many  New  Zealand  brown  coals  and  lignites. 

Resin,  Kauri. — See  Kauri-gum. 

Roadmaking  Materials. — See  Gravel,  Sand,  Granite,  Limestone,  and  other 
rocks.  No  full  enumeration  is  attempted. 

Salt,  Common. — Besides  its  everyday  household  uses,  common  salt  or 
sodium  chloride  is  of  immense  importance  in  the  manufacture  of  sodium 
and  chlorine  compounds,  such  as  carbonate  of  soda,  hydrochloric 
acid,  &c. 
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Sand. — Used  extensively  as  a  constructional  material  in  the  making  of 
asphalt  paths,  and  as  an  ingredient  of  concrete,  mortar,  and  sand-lime 
brick ;  used  also  for  filtering  purposes,  for  foundry  moulds,  for  sand¬ 
blast,  &c.  Pure  quartz-sand  is  one  of  the  principal  ingredients  of 
glass,  and  has  most  of  the  uses  of  quartz  (which  see).  It  is  used  also 
in  the  manufacture  of  carborundum  and  silico -titanium.  Calcareous 
sand  may  be  used  as  a  soil-dressing,  and  if  sufficiently  pure,  as  is  coral- 
sand  and  some  shell-sand,  for  various  other  purposes.  (See  Limestone). 

Sandstone. — Used  as  building-stone,  for  grindstones,  sharpening-stones. 

Scheelite. — Tungsten -ore. 

Selenium . — Some  selenium  is  obtained  at  Waihi  during  the  refining  of  gold- 
silver  bullion.  Selenium  is  used  for  manufacture  of  red  glass  and  red 
enamelled  ware,  and  for  selenium  cells. 

Serpentine. — Pock  used  for  ornamental  purposes.  May  become  a  source 
of  magnesium. 

Shale. — -Used  for  bricks,  tiles,  cement.  See  also  Clay,  Slate. 

Shells,  Sea. — Used  for  making  lime  and  cement  ;  useful  also  for  poultry. 

Sinter,  Calcareous.— May  be  used  as  a  soil-dressing,  for  manufacture  of 
lime,  &c.  See  also  Limestone. 

Sinter,  Siliceous. — May  be  used  for  making  sodium  silicate  (soluble  glass), 
and  has  many  other  possible  uses.  See  also  Quartz. 

Slate. — -Used  as  roofing-material,  &c.,  and  (if  ground)  in  the  manufacture 
of  paint,  roofing-paper,  and  artificial  stone  ;  may  also  be  used  for  heat- 
insulation.  Rocks  similar  in  composition' — such  as  shale,  argillite, 
and  claystone — have  the  same  uses  as  ground  slate. 

Soapstone  (or  Steatite). — Used  in  making  laundry-tubs,  bath-tubs,  sinks, 
switchboards,  acid-tanks,  fire-backs  for  stoves,  hearthstones,  door-sills, 
and  in  artificial  flooring.  “  Soapstone  ”  may  be  regarded  as  a  trade 
name  for  somewhat  impure  talc,  capable  of  being  fashioned  into  the 
articles  mentioned.  See  also  Talc. 

Sulphide  Minerals. — Source  of  sulphur  for  sulphuric  acid.  See  especially 
Pvrite. 

Sulphur. — -Used  as  a  fumigator  and  insecticide,  and  in  the  manufacture  of 
sulphuric  acid  and  numerous  other  chemical  substances;  is  one  of  the 
ingredients  of  gunpowder,  and  of  vulcanized  rubber ;  in  certain  cases  is 
a  valuable  soil-dressing. 

Talc. — -Used  in  the  paper,  paint,  and  soap  trades,  chiefly  as  a  filler  ;  in 
the  manufacture  of  roofing-paper,  lubrica ting-compounds,  toilet  powders, 
“  French  chalk,”  motor-car-tire  powder,  rubber,  gas-tips,  and  crayons 
(see  also  Steatite)  ;  in  sizing  and  bleaching  cloth  ;  in  the  tanning  and 
ropemaking  industries  ;  in  insulating  steam  boilers  and  pipes,  as  an 
electric  insulator,  and  as  a  foundry  facing.  Has  also  been  used  in  the 
manufacture  of  porcelain.  “  Talc  ”  is  here  used  as  a  trade  name  which 
seems  to  include  the  purer  varieties  of  the  mineral  talc,  and  also  ground 
“  soapstone  ”  or  “  steatite,”  as  well  as  ground  “  talc.” 

Tin-ore. — The  source  of  the  metal  tin,  and  of  various  chemical  substances 
'  used  in  the  arts  and  manufactures. 

Titaniferous  Ironsand. — May  be  used  in  the  manufacture  of  iron  and  steel, 
and,  if  high  in  titanium,  for  ferro -titanium.  See  also  Umenite. 

Tungsten-ore. — Tungsten  is  required  for  the  manufacture  of  tungsten-steel, 
used  especially  for  tool-steel,  and  in  the  manufacture  of  filaments  for 
electric  lamps.  Its  compounds  are  used  in  the  preparation  of  some 
colours  and  enamels.  Tungstate  of  soda  is  used  as  a  mordant  and  for 
fireproofing  cloth  fabrics.  See  also  Scheelite,  Wolfram. 
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Wad  (impure  Hydrous  Manganese  Oxides). — 'Used  for  paints.  See  also 
Manganese-ores. 

Water. — There  is  no  need  to  detail  the  uses  of  water ;  but  its  insertion  here 
will  remind  the  reader  that  water  is  in  the  strict  sense  a  mineral,  and  is 
included  by  the  ordinary  scientific  definition  of  a  rock,  whether  in  the 
solid  or  liquid  state.  A  reminder  of  New  Zealand’s  immense  water¬ 
power  resources  may  here  be  given  also. 

Water,  Mineral.— New  Zealand  is  richly  endowed  with  potable  and  thera¬ 
peutic  mineral  waters. 

Wolfram. — Tungsten-ore.  See  also  Scheelite. 

Zinc-ores. — Source  of  metallic  zinc  and  zinc-alloys'.  Zinc  oxide  is  used  for 
paint  and  other  purposes.  Other  compounds  containing  zinc  are  used 
in  the  arts  and  manufactures. 

Zircon. — A  minor  gem-stone  ;  also  used  for  watch-jewels.  Zircon-sand  is 
used  as  an  abrasive. 

The  following  pre-war  prices  of  some  common  minerals  and  rocks  at 

San  Francisco  are  recalculated  from  a  table  given  by  Lang  in  the  article 

previously  mentioned  : — 


Chrome  iron 

Per  Ton. 
£  s.  d. 

.  .  3  19  2 

Barite  (barytes) 

..  4 

13 

4 

Diatomaceous  earth  (ground) 

..  3 

10 

0 

,,  (infusorial  earth) 

..  2 

6 

8 

Dolomite 

. .  2 

11 

4 

Garnet 

..  3 

0 

8 

Gypsum 

. .  0 

14 

0 

Mica  (ground) 

..  9 

6 

8 

Ochre  (ground) 

..  3 

19 

2 

Pumice  (ground  ?) 

. .  5 

16 

8 

Talc  (ground)  . .  '  >  .  . 

. .  4 

4 

0 

Quartz  (lump) 

. .  0 

11 

8 

„  (ground) 

. .  2 

16 

0 

Manganese  (oxides)  (ground) 

..  5 

16 

8 

Slate  (ground) 

. .  5 

2 

8 

Some  of  the  prices  given  above  are  surprisingly  high,  especially  those  of 
pumice  and  of  ground  quartz  and  slate.  They  are,  it  must  be  remembered,, 
not  the  prices  at  the  production-points,  but  as  delivered  to  the  factories. 
In  the  case  of  pumice  it  would  appear  that  a  profitable  export  trade  from 
New  Zealand  to  the  United  States  could  be  established,  even  if  the  price 
quoted  is  that  of  ground  and  not  of  crude  pumice. 

Among  the  industries  not  yet  established  to  any  extent,  for  which 
favourable  conditions  as  regards  supply  of  raw  materials  seem  to  exist  in 
New  Zealand,  may  be  mentioned— (1)  Carbide  of  calcium  ;  (2)  cement 
shingles  (for  roofs)  ;  (3)  detersive  or  scouring  soaps  ;  (4)  glass  ;  (5)  paints 
(with  haematite,  ochre,  and  green  earth  as  stocks) ;  (6)  pottery  of  all 
kinds  ;  (7)  tiles  and  terra-cotta  ware  ;  (8)  varnishes  (kauri-gam). 

The  time  seems  also  to  have  arrived  when  a  determined  and  scien¬ 
tifically  controlled  effort  to  establish  iron  and  steel  industries  ought  to  be 
made.  Much  experimental  work  and  some  search  for  materials,  such  as 
dolomite,  are  required,  however,  before  the  erection  of  large  works  can  be 
deemed  advisable. 


1918.] 
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The  Concentration  of  Ores  by  Flotation. 

By  D.  M.  Deane,  Superintendent,  Talisman  Battery,  Karangahake. 

(Paper  read  before  the  Karangahake  School  of  Mines,  22nd  May,  1917.) 

Prior  to  the  advent  of  the  flotation  process  all  mechanical  ore-concentrat¬ 
ing  machines  were  built  with  the  object  of  taking  advantage  of  the  differences 
in  the  specific  gravity  between  the  various  mineral  contents  of  an  ore, 
and  so  separating  the  minerals  of  a  higher  specific  gravity  from  those 
of  a  lower.  The  higher  the  specific  gravity  of  a  mineral  the  more  easily 
and  completely  was  concentration  effected. 

Flotation  is  a  process  of  separating  not  by  specific  gravity,  but  by 
making  use  of  the  well-known  selective  adhesiveness  of  oils  and  gases  for 
mineral  particles  possessing  metallic  lustre.  Separation  is  possible  because, 
while  there  is  mutual  adhesion  between  oil  or  gas  and  lustrous  metallic 
particles,  quartz  and  other  gangue  minerals  which  do  not  possess  a  metallic 
lustre  are  only  feebly  adhesive  to  oil  and  gas,  but  strongly  adhesive  to 
water.  In  other  words,  in  the  presence  of  oil  and  water  the  lustrous  metallic 
particles  are  not  easily  wetted,  whereas  the  gangue  particles  are  easily 
wetted.  Just  why  this  should  be  is  not  known. 

In  the  flotation  processes  many  forces  are  brought  into  play ;  but  the 
principles  governing  the  whole  why  and  wherefore  of  flotation  are  so  little 
understood,  and  so  little  experimental  work  has  been  done  to  bring  light 
to  the  subject,  that  at  the  present  time  no  satisfactory  reason  can  be  given 
to  clear  up  the  many  questions  of  doubt  that  exist.  Inventors  have 
been  engaged  in  perfecting  a  workable  process,  but  the  theoretical  part  of 
it  has  been  allowed  to  stand  aside.  But  now  that  the  practical  side  of 
flotation  is  a  success  the  theoretical  side  will  be  attacked,  and  ere  long 
we  shall  have  conclusive  and  acceptable  evidence  as  to  the  physical  laws 
governing  the  process. 

When  ore  crushed  to  the  proper  degree  of  fineness  is  violently  agitated 
with  water  and  oil  in  the  presence  of  air  a  froth  is  formed.  This  froth, 
rising  to  the  surface  of  the  liquid,  carries  with  it  the  sulphides  and  other 
metallic  particles,  while  the  gangue  sinks  to  the  bottom.  Flotation  in 
its  latest  meaning  is  therefore  a  process  for  the  concentration  of  ores  by 
froth-formation.  Ore,  water,  oil,  and  gas  are  mixed  so  that  they  form  an 
emulsion,  and  are  all  that  is  required  for  the  success  of  the  process.  The 
ore  is  crushed  to  the  necessary  fineness  in  order  to  liberate  the  mineral 
from  the  gangue.  It  is  then  mixed  with  water  in  the  proportion  of  from 
1  to  1,  to  7  or  8  to  1,  and  violently  agitated  with  from  Jib.  to  Jib.  of  oil 
per  ton  of  ore  in  the  presence  of  air.  This  agitation  produces  the  froth, 
which  carries  with  it  the  sulphides  ;  and  all  that  is  necessary  is  a  suitable 
means  of  removing  the  froth  as  it  forms  at  the  surface.  The  froth  may 
be  from  1  in.  to  1  ft.  thick.  The  amount  of  oil  used  has  been  reduced  to  a 
fraction  of  a  pound  per  ton,  and  the  use  of  acid  in  latter-day  work  has 
been  entirely  done  away  with. 

Short  History  of  the  Process. 

In  1860  Haynes  first  discovered  the  selective  action  of  oils  for  lustrous 
minerals,  and  in  1885  Carrie  Everson  showed  that  acid  increased  this  so- 
called  selective  action.  Bulk-oil  flotation  was  patented  by  Elmore  in 
1894,  but  was  discarded  in  favour  of  his  vacuum  process  in  1904.  In 
1902  Potter  and  Delprat,  acting  independently,  patented  their  processes. 
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Both  the  Potter  and,  Delprat  processes  depend  upon  the  generation  of  C02, 
generated  through  the  action  of  acid  on  certain  constituents  of  the  ore. 
Potter  used  acid,  agitation,  and  heat ;  and  Delprat  a  hot  solution  of  salt 
cake.  In  1902  Froment  came  along  with  his  process,  in  which  he  used 
oil  to  attract  the  bubbles  of  C02  generated  by  the  action  of  acid  on  calcite, 
adding  the  latter  if  suitable  carbonates  were  not  present.  He  recommended 
a  much  less  quantity  of  oil  than  was  formerly  used.  In  1902  Cattermole 
patented  a  process  wherein  oil  selection  is  made  to  sink  the  mineral 
particles.  To  an  acidified  pulp  he  added  from  10  lb.  to  15  lb.  of  oil  per  ton 
in  the  presence  of  an  emulsifying  agent,  such  as  soap.  This  mixture  was 
first  agitated  violently,  then  stirred  slowly  in  order  to  coagulate  the  metallic 
particles  into  masses,  which  sank  while  the  gangue  was  floated  in  an  upward 
current  of  water.  In  1904  De  Bavay  patented  a  process  which  contains 
no  new  features,  but  rather  mechanical  alterations.  His  process  can  only 
work  on  sand  free  from  slime.  In  1905  the  Sulman-Picard  patents  were 
taken  out.  The  chief  point  of  interest  in  their  patents  is  that  air  takes 
the  place  of  chemically  generated  gas.  These  patents,  as  well  as  those  of 
Froment  and  Cattermole,  were  secured  by  the  Minerals  Separation  Company, 
and  form  the  basic  principles  of  their  patents. 

Norris,  in  1907,  was  the  first  to  use  air  without  the  addition  of  acid  or 
oil  as  the  chief  flotation  agent.  He  uses  air  in  solution  in  water  to  bring 
about  flotation. 

In  1886  Bradford  invented  a  machine  in  which  flotation  depended  upon 
surface  tension.  The  dry  ore  is  made  to  meet  the  surface  of  a  still  body 
of  water,  so  that  the  metallic  particles  are  not  wetted,  and  float,  while  the 
gangue-particles  are  wetted  and  sink.  This  was  the  first  attempt  at  flota¬ 
tion  without  oil. 

In  1904  Macquisten  invented  a  tube  machine  in  which  surface  tension 
plays  the  most  important  part.  At  a  later  date  acid  was  added,  which 
generated  C02  from  lime  in  the  ore.  Still  later  coal-tar  was  used  in 
conjunction  with  acid. 

In  1912  Wood  patented  a  surface-tension  process.  In  his  process  the 
crushed  ore  (dry)  is  fed  from  a  vibrating  diskin  a  fine  stream  into  a  current 
of  water.  By  retarding  the  current  the  gangue  is  made  to  sink,  while  the 
sulphides  float  on  the  surface.  Surface-tension  processes  as  well  as  bulk- 
oil  processes  have  now  been  entirely  discarded  in  favour  of  flotation  by  oil 
and  gas. 

Description  of  Main  Types  of  Processes. 

According  to  the  various  flotation  patents,  flotation  can  be  divided 
into  • —  (a)  Froth  flotation,  Minerals  Separation  (Callow)  ;  ( b )  acid  flota¬ 

tion  (Potter,  Delprat)  ;  (c)  surface-tension  flotation  (Bradford,  Macquisten, 
Wood). 

Acid  flotation  is  at  present  in  use  at  Broken  Hill,  where  the  ores 
contain  a  high  percentage  of  carbonates.  These  in  the  presence  of  acid 
generate  C02,  which  serves  as  the  main  flotation  agent.  An  acid  process, 
more  especially  where  hot  solutions  are  used,  is  not  a  very  pleasant  one  to 
work,  for  not  only  have  special  precautions  to  be  taken  to  protect  all  parts 
of  appliances  used  from  the  corrosive  action  of  the  acid,  but  there  is  also 
a  grave  danger  in  handling  acid  in  bulk.  In  using  the  acid  process  at 
Broken  Hill  advantage  is  taken  of  making  use  of  a  by-product  in  the  ore 
to  generate  C02  and  so  bring  about  flotation — a  result  that  could  only 
otherwise  be  obtained  by  installing  expensive  agitation  machinery. 

In  froth  flotation  it  is  necessary  that  there  should  be  a  selective  action 
between  the  froth-bubbles  and  the  minerals  to  be  floated,  and  also  that 
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froth-formation  be  continuous.  In  the  working  of  the  minerals-separation 
process  the  ore  crushed  to  the  necessary  degree  of  fineness  is  violently 
agitated  with  water  and  a  small  percentage  of  a  suitable  oil.  The  more 
violent?  the  agitation  the  better  the  result.  From  the  agitator  the  emulsified 
mass  is  run  into  a  spitzkasten,  where  the  froth,  carrying  with  it  the 
sulphides,  is  floated  and  removed,  while  the  tailings  sink  and  run  to 
waste. 

In  the  pneumatic  process  as  developed  by  Callow  the  ore,  water,  and  oil 
are  fed  into  a  Pachuca  tank,  where  they  are  emulsified  by  means  of  com¬ 
pressed  air.  From  this  tank  the  feed  goes  to  the  first  roughing  separatory 
cell.  This  cell  consists  of  a  tank  about  9  ft.  long  and  2  ft.  wide,  with  the 
bottom  having  a  fall  of  from  3  in.  to  4  in.  per  foot.  It  is  20  in.  deep  at 
the  shallow  end  and  45  in.  at  the  deepest.  Through  the  bottom  of  the  tank, 
which  is  porous,  air  is  forced  by  means  of  a  blower.  Under  this  porous 
bottom  are  eight  compartments,  each  of  which  is  connected  by  a  valve 
with  the  main  air-line.  By  this  means  the  air-pressure  to  each  compart¬ 
ment  can  be  regulated  to  correspond  to  the  hydraulic  head  in  the  tank. 
A  pressure  of  about  5  lb.  is  generally  used.  Each  longitudinal  cage  of  the 
tank  is  provided  with  a  lip  and  launder  to  receive  the  froth.  At  the  lower 
end  of  the  tank  a  discharge-valve,  operated  by  means  of  a  float,  is  arranged 
in  order  that  a  uniform  water-level  may  be  maintained  within  the  tank. 
The  water-level  is  usually  kept  at  about  9  in.  below  the  overflow-lips.  The 
tailings  are  discharged  from  the  discharge-valve  and  run  to  waste,  while 
the  froth  is  run  to  a  cleaner-cell.  Usually  one  cleaner-cell  serves  for  four 
roughing-cells.  The  tailing-discharge  from  the  cleaner-cells  is  returned  to 
the  head  of  the  roughing-cells.  In  later  work  the  Pachuca  tank  has  been 
dispensed  with,  and  where  possible  the  oil  is  fed  into  the  tube  mill  or 
other  crushing-machine,  and  from  there  directly  to  the  first  roughing-cell. 

Preferential  Flotation. 

This  is  the  flotation  of  one  of  the  ordinary  flotative  minerals  in  the 
presence  of  another  similar  mineral.  Thus  a  mixture  of  galena  and  blende 
can  be  floated  collectively  from  a  gangue  of  quartz  and  limestone,  or  other 
gangue  material,  while  blende  may  be  floated  preferentially  from  a  mixture 
of  galena  and  blende.  The  Horwood  method  is  the  one  most  generally  used, 
and  depends  for  success  upon  the  deadening  of  galena  in  a  short  roast  at 
from  400°  to  500°  C.,  whereby  the  galena  is  coated  with  lead  sulphate,  while 
the  blende  is  unchanged.  This  allows  of  the  separation  of  the  blende 
from  the  galena. 

Another  process,  known  as  the  Lyster,  has  also  been  tried  at  Broken 
Hill.  Lyster’s  process  is  carried  on  in  neutral  or  alkaline  solutions  of  the 
sulphates,  chlorides,  or  nitrates  of  sodium,  calcium,  potassium,  and  mag¬ 
nesium.  Using  eucalyptus  oil,  the  agitation  takes  place  in  centrifugal 
pumps,  discharging  into  spitzkastens  with  closed  tops.  It  is  claimed 
that  a  high  lead  concentrate  can  be  obtained  in  the  first  spitz,  and  that 
by  sending  the  tailings  to  a  second  spitz  a  high  zinc  concentration  can  be 
made. 

During  the  past  few  days  particulars  of  the  S02  method  of  preferential 
flotation  as  adopted  by  the  Broken  Hill  Proprietary  Company  have  come 
to  hand.  This  method  of  flotation  has  been  adopted  to  treat  the  lead- 
zinc  slimes  accumulated  from  gravity  concentration  that  could  not  be 
dealt  with  by  the  Delprat  process.  The  Lyster  type  of  cell  is  used,  the 
cells  being  connected  in  series.  The  S02  method  as  now  adopted  employs 
centrifugal  pumps,  connected  in  the  series,  one  taking  the  original  feed- 
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pulps  and  one  being  placed  between  each  cell.  The  centrifugal  pumps  are 
peculiar  in  their  construction,  consisting  of  a  disk  runner  with  lugs  on  the 
sides  operating  between  rows  of  similar  lugs  attached  to  the  pump-shell. 
The  object  of  the  lugs  is  to  break  up  the  lumpy  tailings.  Tapped  into  the 
suction-inlet  of  the  pump  is  a  pipe  which  is  branched  a  few  inches  above  the 
point  of  union  with  the  suction,  the  second  branch  leading  to  a  sulphur- 
burner.  The  sulphur-fume  is  drawn  in  along  with  air  which  enters  in  the 
main  branch  of  this  pipe,  the  mixed  gases  being  thus  carried  into  the  pump 
entrained  in  the  pulp-feed.  The  pulp  is  delivered  to  the  pump  from  an 
agitator-tank,  which  in  turn  is  supplied  from  a  tailing  belt  conveyer,  upon 
which  is  fed  salt  cake  in  the  proportion  of  from  2  lb.  to  2J-  lb.  per  ton  of 
tailing.  The  charge  in  the  agitator  is  heated  to  90°  C.  before  being  drawn 
to  the  centrifugal  pump,  and  is  then  forced  through  cell  No.  1,  from  which 
a  lead-froth  concentrate  is  delivered.  The  tailing  from  this  cell  passes 
through  a  second  pump,  also  drawing  in  air  and  S02,  but  no  more  S02  is 
added  beyond  this  point.  By  the  time  the  solution  has  reached  cell  No.  5 
all  the  SO 2  has  been  evolved  from  the  pulp,  and  zinc  concentrate  begins 
to  appear  with  lead  in  the  froth.  The  mixed  concentrate  from  cell  No.  5 
is  returned  to  the  agitator,  and  once  more  traverses  the  first  series  of 
flotation  cells.  The  tailing  from  No.  5  cell  is  heated  to  120°  C.  by  steam, 
and  about  18  lb.  of  H2S04  per  ton  of  pulp  solids  is  added.  This  pulp  is 
then  circulated  in  the  same  manner  as  before,  through  five  cells,  producing 
a  zinc  concentrate.  The  success  of  the  process  is  due  to  intense  aeration 
in  combination  with  the  effect  of  S02  retarding  the  flotation  of  the  zinc 
sulphide  until  the  lead  has  been  lifted. 

Another  process  for  preferential  flotation  has  been  adopted  by  the 
sulphide  corporation  in  the  use  of  the  Seal-Shellshear  machine.  The  jet 
from  the  feed-boxes  produces  an  exhaust,  drawing  air  downwards  into  the 
delivery  column  below  the  perforated  cast-iron  jacket ;  the  stream,  under 
pressure  due  to  the  head,  strikes  the  baffle,  which  produces  by  reaction 
sufficient  agitation  with  the  entrained  air  to  develop  froth  that  lifts  the 
galena.  A  small  quantity  of  eucalyptus  oil  is  added  to  the  pulp  as  a 
flotative  agent.  These  cells  are  connected  in  series,  and  the  tailing  from 
cell  No.  5  goes  to  a  Hebbard  machine,  where  the  pulp  is  heated  to  120°  C. 
by  a  steam-jet ;  and  H2S04  and  eucalyptus  oil  are  added,  thus  effecting 
the  flotation  of  the  zinc -blende. 

To  render  carbonates  and  oxides  amenable  to  the  flotation  process  it 
is  necessary  to  give  a  preliminary  sulphidizing  treatment.  This  is  done 
by  treating  the  ore  with  (1)  hydrogen  sulphide,  (2)  solutions  of  sulphides 
and  sulpho-compounds  of  sodium  and  calcium,  (3)  sulphur  vapour.  The 

object  of  this  preliminary  treatment  is  to  cover  the  carbonates  and  oxides 

with  a  thin  layer  of  sulphide,  after  which  their  treatment  is  the  same  as 
natural  sulphides. 

Oils. 

The  proper  kind  of  oil  to  use  can  only  be  determined  by  experiment, 
for  what  is  suitable  for  one  class  of  ore  may  be  altogether  unsuited  to 
another.  As  a  general  rule  lubricating  oils  are  of  little  value,  and  have 

been  replaced  in  flotation-works  by  oils  more  or  less  soluble  in  water.  The 

very  volatile  oils — such  as  naphtha  and  gasoline — are  of  little  value,  except 
perhaps  to  make  the  pitchy  ingredients  of  coal-tars  more  soluble.  Wood 
oils  and  oils  derived  from  the  distillation  of  wood  oils  are  good  brothers, 
while  coal-tar  oils  are  good  collectors.  In  Australia  crude  eucalyptus  oil  is 
used  with  good  results,  while  in  America  pine  oils  as  well  as  mixtures  of 
pine  oils  and  coal-tar  oils  are  used. 
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Applicability  of  Flotation. 

The  success  of  the  flotation  process  has  been  most  marked  in  the  treat¬ 
ment  of  copper,  lead,  and  zinc  sulphides,  and  it  has  been  chiefly  in  the 
treatment  of  sulphides  that  the  process  has  developed.  There  can  be  no 
doubt  that  success  can  be  attained  on  other  ores,  but  a  large  amount  of’ 
experimental  work  yet  remains  to  be  done  before  hard-and-fast  rules  can 
be  laid  down  as  to  the  adaptability  of  the  process.  It  is  only  a  question  of 
time  before  flotation  will  be  applied  to  the  concentration  of  gold-ores.  As 
flotation  is  a  concentration  process,  it  is  of  value  only  when  the  valuable- 
constituents  are  in  the  mineral,  or  when  it  is  desirous  to  remove  a  refractory 
mineral  prior  to  cyanidation.  It  is  of  undoubted  value  in  the  treatment’ 
of  cupriferous  gold-ores.  A  small  amount  of  copper  renders  the  treatment 
of  low-grade  gold-ores  unprofitable  at  the  present  time,  not  because  copper 
prevents  the  dissolution  of  the  gold,  but  because  it  consumes  so  much 
cyanide  during  the  process.  The  flotation  process  will  remove  the  bulk 
of  the  copper,  while  the  remaining  pulp  will  be  in  a  fit  state  for  ordinary 
cyanidation.  This  also  applies  to  many  of  the  high-grade  silver-sulphide 
gold-ores,  for  I  believe  that  it  would  be  more  profitable  to  remove  the 
silver  by  a  preliminary  treatment  than  to  submit  the  whole  of  the  ore- 
contents  to  cyanidation. 


Experiments  on  the  Smelting  of  New  Zealand  Ironsand. 

By  J.  E.  L.  Cull,  Wellington. 

The  events  leading  up  to  the  experiments  which  I  have  to  describe  are 
as  follows : — 

In  the  years  1899-1900  the  author  was  in  the  employ  of  Messrs.  Cutten 
Bros.,  consulting  engineers,  Dunedin,  a  great  part  of  whose  business  was 
in  alluvial  gold-mining,  chiefly  by  dredging.  One  of  the  great  problems 
in  dealing  with  the  beaches  on  the  west  coast  of  the  South  Island  was  the 
great  amount  of  black  sand  present.  The  fundamental  property  of  the  gold 
which  is  utilized  in  alluvial  mining  to  assist  in  its  separation  from  the  sand 
is  its  high  specific  gravity,  causing  it  to  settle  from  a  properly  regulated 
stream  of  water  and  to  be  entangled  in  pockets,  or  in  the  texture  of  plush 
or  matting.  Black  sand,  with  its  high  specific  gravity  and  well-rounded 
grains,  tends  to  be  precipitated  with  the  gold  ;  and  if  the  gold  be  very  fine 
or  flaky  it  is  extremely  difficult  to  effect  a  separation  of  the  two  by  gravity 
means,  and  resort  must  be  had  to  amalgamation.  Sometimes  in  con¬ 
centrates,  where  the  amount  of  black  sand  with  the  gold  is  quite  small, 
hand-magnets  are  used  to  get  it  out;  and  this  suggested  the  use  of  a 
magnetic  separa ting-machine  where  the  amount  of  black  sand  was  large 
in  the  sands  before  concentration.  Mr.  J.  McPhee,  of  Dunedin,  proposed 
a  scheme  of  a  belt  passing  over  a  magnetic  pulley,  which  seemed  very  pro¬ 
mising  ;  and  a  machine  was  built,  8  in.  diameter,  8  in.  face,  which  worked 
well  as  a  separator.  On  examining  the  sand-deposits  on  the  Coast,  how¬ 
ever,  I  soon  found  that  by  no  means  all  of  the  heavy  sand  was  magnetic, 
and  concluded  that  the  use  of  a  magnetic  separator  was  on  this  account 
not  likely  to  pay  in  working  the  ordinary  class  of  black-sand  claims. 

Possessed  now  of  a  magnetic  separator,  I  and  several  others  decided  to 
follow  up  the  treatment  of  black  sand  from  the  point  of  view  of  its  iron- 
content;  and  with  that  object  in  view  Mr.  S.  H.  Jenkinson  afterwards 
went  to  the  United  States  of  America  to  get  experience  in  the  iron  and 
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steel  works  of  that  country,  the  author  remaining  in  New  Zealand,  and,  as 
opportunity  offered  during  the  years  1900  to  1908,  carrying  on  experi¬ 
ments. 

Commencing  with  a  study  from  all  available  sources  of  the  problem  of 
the  reduction  of  iron-ores,  the  opinion  was  formed  that  the  treatment  of 
ironsand  presented  no  chemical  or  thermal  difficulties  very  different  from 
other  ores,  and  that  the  essential  difference  lay  in  the  physical  form  of  the 
ore  ;  and  a  deliberate  attempt  was  made  to  produce,  on  a  small  scale,  a 
furnace  which  on  a  large  scale  might  be  expected  to  smelt  the  sand  com¬ 
mercially.  It  was  early  decided  to  adopt  the  use  of  powdered  coal,  for 
'  the  following  reasons  :  (1)  The  raw  sand  is  in  a  pulverized  condition  : 
(2)  raw  coal  is  the  cheapest  source  of  thermal  energy  ;  (3)  New  Zealand 
contains  much  coal  suitable  for  pulverizing,  which  can  be  obtained  at  a 
low  price. 


All  the  furnace  work  was  carried  out  in  Christchurch.  A  ton  of  sand 
was  obtained  from  New  Plymouth,  a  small  gas-engine,  Roots  blower, 
crushing-machine  for  coal,  and  the  magnetic  separator  and  dynamo  used 
in  the  gold-mining  experiments  were  installed.  The  first  furnace  built  is 
shown  in  fig.  1.  The  furnace  comprised  a  conical  hopper  A,  combustion- 
chamber  B,  vertically  over  a  plumbago  crucible  heated  by  a  coke  fire  C. 
The  furnace-gases,  leaving  by  flue  D,  heated  up  the  air  blown  in  through 
pipe  E. 

To  start  the  furnace  the  chamber  B  had  a  temporary  fire  of  coke  put 
in  it  and  blown  up  till  the  interior  of  the  brickwork  was  up  to  a  red  heat, 
when  the  coke  was  removed,  the  hopper  put  in  position,  and  feeding  of 
the  charge  commenced.  The  charge  consisted  of  a  mixture  of  powdered 
coal  and  ironsand,  which  was  caused  to  flow  from  the  bottom  of  the 
hopper  by  the  vertical  reciprocation  of  a  small  plunger  at  the  bottom  of 
the  hopper.  Westport  and  Kaitangata  coals  were  tried ;  a  small  parcel 
was  also  procured  from  the  Paparoa  property,  which  was  at  this  time  in 
the  early  stages  of  development.  Lime  was  fed  in  with  the  charge  as  a 
flux.  By  strenuous  labour  the  firing  with  the  powdered  coal  was  accom- 
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plished,  but  nothing  successful  was  done  in  the  way  of  producing  iron 
beyond  at  times  a  cake  of  fritted  wrought  iron  in  the  crucible.  It  was 
realized  that  the  indirect  heating  of  the  charge  by  coke  through  the  walls 
of  the  crucible  in  any  case  could  not  be  applicable  on  a  commercial  scale, 
but  enough  confidence  was  established  in  the  practicability  of  powdered- 
coal  firing  to  warrant  further  trials. 

The  second  furnace  built  is  shown  in  fig.  2.  A  larger  blower  was 
obtained,  and  the  feed-mechanism  changed  to  a  screw.  The  air  was  divided 
and  controlled  by  stop-cocks,  so  that  the  supply  to  the  combustion -chamber 
could  be  completely  regulated.  The  by-pass  allowed  all  the  air  not  going 
into  the  combustion-chamber  to  go  to  the  melting-hearth.  A  comparatively 
low  temperature  and  highly  reducing  conditions  were  thereby  produced 
in  the  combustion-chamber,  and  it  was  hoped  thereafter  to  melt  the  reduced 
ore  by  the  intense  heat  produced  in  the  melting-hearth.  All  that  happened, 
however,  was  the  reoxidizing  of  any  reduced  sand,  and  the  formation  of 
copious  baths  of  melted  magnetite.  We  struggled  with  this  furnace  long 


Fig.  2. — Second  experimental  furnace. 

and  hard,  but  it  was  a  hopeless  task;  and  I  am  convinced  it  is  not  possible 
in  any  other  way  than  by  the  opposed-stream  method  of  the  bias  furnace 
to  produce  with  fuel-fired  furnaces  a  flame  which  shall  be  hot  enough  to 
melt  the  finely  divided  particles  of  reduced  sand  without  at  the  same  time 
reoxidizing  them.  According  to  what  I  have  been  able  to  read,  this  was 
the  difficulty  experienced  in  all  direct  processes  of  making  wrought  iron 
which  were  tried  extensively  about  1880.  None  proved  successful  com¬ 
mercially,  though  it  was  shown  that  by  extreme  care  in  manipulation — as, 
for  instance,  at  Onehunga — malleable-iron  blooms  could  be  made.  In  the 
Blair  furnace  the  iron  sponge  was  cooled  down  in  the  lower  part  of  the 
furnace  by  means  of  a  water  jacket ;  then  withdrawn  and  compressed 
cold,  with  tar,  into  briquettes,  which  were  then  charged  into  an  open-hearth 
furnace  for  the  production  of  steel. 

The  great  readiness  of  the  reduced  iron-ore  to  reoxidize  is  due  to  its 
physical  and  chemical  condition.  It  is  almost  pure  iron,  is  not  protected 
by  contained  carbon  and  silicon,  and  is  in  a  spongy  state,  the  particles  of 
ore  retaining  their  -  original  shape,  but  being  perforated  with  innumerable 
holes.  Iron  presents  several  phenomena  analogous  to  the  reduction  of 
the  ore.  Just  as  the  ore  can  part  with  its  oxygen  while  in  the  solid 
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state  and  leave  the  iron  shell  behind,  so  solid  iron  bars  at  a  red  heat 
can  absorb  carbon  into  its  structure  to  considerable  depths,  as  in  case- 
hardening. 

The  ideal  method  of  melting  such  a  substance  as  iron  sponge  is  the 
electrical,  where  a  great  temperature  can  be  produced  in  a  confined  space 
under  conditions  which  can  easily  be  regulated  so  as  to  be  either  reducing, 
oxidizing,  or  neutral  at  will.  To  put  this  method  to  the  test  the  furnace 
shown  in  fig.  3  was  built. 

The  reduction  stage  was  carried  out  in  practically  the  same  manner 
as  in  the  second  furnace  ;  then  by  means  of  a  sliding  door  the  charge  was 
allowed  to  fall  into  a  plumbago  crucible,  which  was  then  removed  to  one 
side  and  the  charge  melted  down  with  an  electric  arc. 

The  electrical  supply  was  from  a  generator  of  100  amps,  at  100  volts, 
driven  by  a  Westinghouse  gas-engine  with  throttle-valve  governor.  Some 
experience  was  needed  to  manipulate  the  melting-arc,  in  the  gaining  of 


Fig.  3. — Final  experimental  furnace. 

which  the  governing  of  the  engine  was  tested  to  the  limit,  but  it  behaved 
perfectly.  The  fluctuations  in  the  current  taken  off  were  violent,  running 
frequently  from  no-load  to  overload,  and  it  was  found  necessary  to  put 
in  a  resistance  of  iron  wire.  With  a  little  practice,  however,  it  was  found 
possible  to  keep  the  arc  burning,  with  a  good  fat  flame,  for  long  periods 
with  the  resistance  cut  right  out.  The  secret  of  the  long,  steady  burning 
arc  was  found  to  lie  in  the  fumes  given  off  by  the  fluxing-materials,  which 
formed  a  conducting-medium. 

A  typical  experiment  was  as  follows  :  (1)  Heat  up  whole  reduction 
furnace  with  powdered  coal ;  (2)  charge  hopper  with  8  lb.  ore  and  8  lb. 
coal,  and  run  through  in  fifteen  minutes  ;  (3)  run  charge  through  into 
crucible  ;  (4)  start  arc,  and  maintain  for  one  hour  ;  (5)  add  flux  composed 
of  8  oz.  of  lime  and  8  oz.  of  fluor-spar,  and  continue  the  arc  for  another 
hour  and  a  half.  Result :  4  lb.  of  metal  and  3  lb.  3  oz.  of  slag. 

Except  in  one  experiment  (when  Parapara  limonite-ore  was  used)  the 
resulting  metal  was  always  inclined  to  be  white,  due,  I  think,  to  the  low 
silicon-content,  as  the  conditions,  of  the  furnace  would  not  favour  the 
reduction  of  silica. 
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The  results  achieved  with  this  last  furnace  led  me  to  think  that  experi¬ 
ments  on  a  larger  scale  were  justified  as  a  preliminary  to  a  possible  com¬ 
mercial  development;  and  at  the  conclusion  of  the  small  experiments  I 
had  command  of  sufficient  capital  for  this  purpose,  but  the  possibility  at 
that  time  of  a  big  development  of  the  Parapara  field  by  a  blast  furnace, 
and  the  long  period  of  time  that  I  should  have  had  to  devote  entirely  to 
this  work,  deterred  me  from  entering  upon  the  project. 

It  will  be  interesting  now  to  examine  the  heat  balance-sheet  for  the 
process.  Assume  a  furnace  charged  with  1  lb.  carbon,  ]  lb.  Fe304  con¬ 
taining  0-72  lb.  iron  and  0-28  lb.  oxygen,  all  at  60°  F.,  and  6  lb.  air  con¬ 
taining  1-38  lb.  oxygen  and  4-62  lb.  nitrogen  at  1,000°  F.  With  perfect 
combustion  of  the  carbon  and  reduction  of  the  iron  the  result  will  be — 
0-90  lb.  C02  containing  0*245  lb.  C,  1*76  lb.  CO  containing  0*755  lb.  C, 
0*72  lb.  Fe,  and  4*62  lb.  N. 


The  heat  supplied  to  furnace  from  0°  F.  will  be — 

1  lb.  carbon  at  60°  =  negligible  B.T.U. 


1  lb.  Fe304  at  60°  = 

?  ? 

61b.  air  at  1,000°  = 

1,926 

0*245  lb.  carbon  to  C02  = 

3,563 

0*755  lb.  carbon  to  CO  = 

3,360 

Total  . .  = 

8,849 

If  the  final  temperature  be  2,000°  F.,  the  heat  leaving  the  furnace  will 
be — 


0-90  lb. 

C02  at  2,000° 

=  1,213 

1-76  lb. 

.  CO  at  2,000° 

=  1,182 

0*72  lb. 

Fe  at  2,000° 

=  163 

4*62  lb. 

N  at  2,000° 

=  3,104 

Fe304 

to  Fe  absorb 

..  2,073 

7,735 

The  difference,  which  represents  the  loss  by  radiation,  is  1,114  B.T.U.,  which 
is  equivalent  to  12  J  per  cent,  of  the  total  heat-supply. 

Electric  Melting . — On  the  assumption  that  the  iron  is  reduced  from 
2,000°  to  1,000°  in  passing  from  the  reducer  to  the  melting-furnace,  and 
that  the  product  is  a  steel  with  a  melting-point  of  2,900°,  the  heat  required 
to  melt  1  lb.  will  be  0*1217  X  1900  -j-  125  =  356  B.T.U.  =  0*105  kw.-hr. 
For  1  ton  of  2,2401b.  the  energy  required  will  be  235  kw.-hr.,  as  compared 
with  896  kw.-hr.  used  in  certain  European  experiments  for  the  production 
of  1  ton  of  steel  from  cold  scrap  and  pig  iron. 

These  figures  indicate  that  if  the  chemistry  of  the  process  has  been 
correctly  stated  it  will  be  economically  successful.  Perhaps  the  most 
doubtful  part  of  the  process  is  the  completeness  to  which  reduction  will 
take  place  in  the  first  stage. 

Professor  Waters,  of  the  Otago  School  of  Mines,  watched  a  run  with 
the  furnace,  and  concluded  that,  bearing  in  mind  the  large  consumption 
of  fuel  in  this  stage,  it  could  be  omitted  entirely  with  advantage  and  the 
whole  job  done  electrically — in  fact,  that  the  experiment  proved  that  the 
sands  could  be  smelted  electrically.  It  is  no  doubt  true  that  the  sands 
are  amenable  to  electric  smelting,  but  with  a  great  consumption  of  electrical 
energy.  1  lb.  iron  reduced  from  Fe304  requires  2,880  B.T.U.  for  reduction 
alone;  11b.  iron  raised  from  1,000°  to  melting-point  requires  356  B.T.U. 
only.  It  is  therefore  very  desirable  that  the  thermal  energy  required  for 
the  reduction  of  the  ore  be  supplied  by  coal  fuel. 
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The  evidences  of  reduction  in  the  first  stage  of  the  experiments  were 
rather  meagre,  hut  were  as  follows  :  The  material  from  the  reduction 
furnace  (1)  under  microscope  showed  a  spongy  structure,  (2)  gave  off 
hydrogen  when  treated  with  acid,  and  (3)  assayed  higher  in  iron  than  the 
untreated  ore.  The  assays  were  made  in  a  small  crucible  in  a  gas-furnace.' 
Some  results  are  shown  in  the  table  : — 


No. 

Charg 

e  (Grammes). 

Yield  (Grammes). 

Furnace- 

product. 

Ore. 

Lime. 

Fluor-spar. 

Charcoal. 

Iron. 

Slag. 

1 

30 

4 

10 

3 

17*5 

21 

2 

30 

3 

3 

3 

Not  fused 

#  . 

3 

30 

.  . 

5 

5 

3 

1725 

22 

4 

30 

.  . 

5 

5 

3 

1725 

22 

5 

,  . 

30 

4 

10 

3 

14-6 

.  . 

6 

30 

4 

10 

6 

15*8 

Experiment  1  was  repeated  in  a  larger  furnace,  using  15  oz.  of  furnace- 
product,  with  a  similar  result.  The  conduct  of  one  of  these  dry  assays 
is  instructive  in  its  bearing  on  the  chemistry  of  the  reduction  of  the  sand. 
A  charge  of  ore,  charcoal,  and  flux  heated  in  a  closed  vessel  gradually  up 
to  melting-point  yields  cast  iron.  The  time  occupied  was  usually  twenty 
minutes.  This  experiment  alone  should  banish  a  common  idea  that  there 
is  any  extreme  difficulty  in  reducing  this  particular  ore. 

I  think  I  may  say  the  experiments  have  proved— 

(1.)  The  manipulation  of  powdered-coal  firing  and  electric-arc  melting 
are  easy. 

(2.)  Smelting  of  ironsand  can  be  done  electrically. 

(3.)  There  is  no  difficulty  in  fluxing  if  fluor-spar  be  used. 

(4.)  Preheating  and  at  least  some  reduction  can  be  effected  very  rapidly 
by  the  powdered-fuel  flame. 

If  any  future  work  is  to  be  done  I  think  a  furnace  should  be  built  with 
a  melting-current  of  200  kilowatts  derived  from  some  large  electrical-power 
supply.  A  complete  set  of  apparatus  for  wet  and  dry  assays  and  for  gas- 
analysis  should  be  available,  and  a  supply  of  fluor-spar.  Electrodes  can 
be  imported  or  made  locally. 


APPENDIX. 

Table  of  Constants  used  in  the  Calculation  of  the  Reactions. 

Heat  of  combination  per  pound,  in  British  thermal  units  : — 

Element.  Product. 

Fe  ..  Fe304 

C  ..  CO., 

C  . .  CO 

CO  ..  C02 

Specific  heats  :  Pure  iron,  0T138  ;  steel,  0T217  ;  CO 
CO,  O,  N,  0*306  +  0*000015  t.°  F. 

Atomic  weights  :  O,  16  ;  C,  12  ;  Fe,  56. 

Composition  of  air  by  weight :  O,  23  per  cent.  ;  N,  77  per  cent. 

One  kilowatt-hour  =  3,410  British  thermal  units. 

Temperature  in  degrees  F.  by  colour  :  Just  luminous,  950  dull  red,  1,250  ;  cherry- 
red,  1,500  ;  bright  cherry -red,  1,800  ;  white,  2,400  ;  dazzling  white,  2,700. 

Melting-points  in  degrees  F.  :  Grey  cast  iron,  2,250 ;  crucible  steel,  2,500  ;  mild 
steel,  2,900. 


2> 


B.T.U. 

2,880 

14,540 

4,451 

4,350 

0*374  +  0*00015  t.°  F.  ; 
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The  Economics  of  Electric-power  Distribution. 

By  E.  Parry,  Chief  Electrical  Engineer,  Public  Works  Department. 

Historical  Review. 

Power-supply  in  bulk  is  now  a  well-established  industry,  and  has  in  a  brief 
period  attained  vast  dimensions  both  as  regards  extent  of  territory  covered 
and  the  amount  of  power  supplied.  No  such  development  could  possibly 
take  place  unless  accompanied  by  a  substantial  economic  gain,  and  it  is 
the  purpose  of  this  paper  to  discover  the  factors  of  economy  and  to  form 
some  estimate  of  their  value. 

It  is  now  some  thirty-four  years  since  the  process  began  of  replacing 
the  small  individual  power  plant  by  electric  power  obtained  from  a 
common  source  of  supply.  At  first  the  electricity-supply  was  confined 
within  the  municipal  limits,  and  the  application  largely  confined  to 
lighting,  both  private  and  public,  the  earliest  electric  stations  being  de¬ 
signed  solely  with  a  view  to  supplying  electricity  for  street-lighting.  As 
the  generating  plants  increased  in  size  and  reliability,  however,  the  use  of 
electricity  for  motive  power  became  general,  and  within  ten  years  of  its 
introduction  the  power  business  rivalled  the  lighting  business  in  magnitude 
and  importance. 

This  still  left  a  large  field  unprovided-for,  comprising  all  power-users 
located  outside  municipal  areas  as  well  as  the  larger  power-users  within 
the  several  areas  of  supply,  which,  as  has  already  been  stated,  were  largely 
confined  to  municipal  boundaries. 

Large  municipalities  or  companies  operating  in  populous  districts,  and 
owning  large  plants  economically  designed  and  favourably  located  as  regards 
coal  and  water  supply,  were  able  to  cope  fairly  well  with  the  power  re¬ 
quirements  within  their  area  of  supply ;  but  in  general  the  generating  plants 
were  too  small  and  uneconomical  in  operation  to  enable  them  to  supply 
power  to  advantage  in  all  cases,  and  it  may  be  said  that  the  self-contained 
power  was  larger  in  the  aggregate  than  the  power  supplied  from  the  common 
source  even  within  the  area  of  supply.  This  left  a  large  demand  for  power 
unsatisfied  both  within  and  without  the  municipal  boundaries,  and  some 
fifteen  years  ago  the  idea  of  a  supply  in  bulk  over  large  areas  was  conceived 
and  began  to  take  shape.  In  Great  Britain  several  Acts  were  passed 
conferring  upon  power  companies  the  right  to  supply  local  authorities  in 
bulk,  and,  be  it  noted,  also  imposing  upon  them  the  duty  of  supplying  any 
person  requiring  a  supply  of  power  for  motive  purposes.  The  several  areas 
of  supply  defined  by  these  Acts  were  conterminous  with  the  principal 
industrial  districts,  as  will  be  evident  from  their  designations,  of  which  the 
following  is  a  selection  :  the  South  Wales  Power  Company  ;  the  Yorkshire 
Power  Company ;  the  Lancashire  Power  Company  ;  the  Midland,  the 
Clyde  Valley,  the  Newcastle,  the  Cleveland  and  Durham  Power  Companies  ; 
and  others  of  smaller  extent. 

The  history  of  electric-power  supply  has  thus  passed  through  two  stages  : 
first,  aggregation  of  power  within  the  limits  of  the  requirements  of  a 
municipality;  and,  secondly,  aggregation  of  power  within  industrial  areas, 
including  counties,  municipal  and  other  local  authorities  within  the  counties. 
A  further  notable  step  in  the  process  of  aggregation  and  concentration  of 
electric-power  production  was  the  amalgamation  of  two  or  three  power 
companies  on  the  north-east  coast  of  England  ;  and  it  is  noteworthy  that 
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a  movement  is  now  on  foot  in  Great  Britain  to  interconnect  a  number  of 
existing  power-supply  undertakings  and  large  municipal  stations  at  present 
working  independently,  proving  that  there  are  still  advantages  to  be  gained 
by  further  aggregation. 

Advantages  of  Electric  Distribution  outlined. 

The  gain  to  the  community  as  a  result  of  concentrating  the  power  plant, 
generating  electricity  therefrom,  and  distributing  it  over  a  large  area,  may 
be  conveniently  summarized  under  the  following  heads,  viz.  :  (1)  A  saving 
in  capital ;  (2)  a  saving  in  fuel ;  (3)  a  saving  in  labour  involved  in  operating 
and  maintenance  ;  (4)  a  higher  efficiency  and  an  increased  production, 

which  accrues  to  the  power-user  by  the  employment  of  a  more  manageable 
and  flexible  agent ;  (5)  the  use  of  the  power-lines  as  a  vehicle  for  conveying 
and  utilizing  surplus  power  derived  from  industrial  operations,  or  power 
from  lesser  water-power  sources  ;  (6)  the  establishment  of  new  industries 
as  the  result  of  the  facilities  offered. 

Economy  of  Capital. 

Economy  of  capital  expenditure  is  rendered  possible  owing  to  the  fact 
that  when  a  large  number  of  power-users  are  supplied  from  a  common 
source  the  maximum  power  is  usually  only  a  fourth  or  a  fifth  of  the  aggregate 
of  the  power  of  the  segregated  plant,  for  the  reason  that  each  power-user 
if  generating*  power  for  himself  has  to  provide  a  power  plant  of  a  size 
necessarily  adequate  for  the  maximum  of  his  requirements,  which  is  seldom 
reached.  Moreover,  it  is  found  as  a  matter  of  experience  that  the  incidence 
of  the  power  requirements  of  the  individual  power-user,  and  of  a  class  of 
users,  and  of  the  different  trades,  and  of  different  localities,  is  so  diverse 
that  the  load  on  the  common  supply-station  is  only  a  fraction  of  the  sum 
total  of  the  individual  loads  if  assumed  to  be  coincident. 

In  the  case  of  the  Lake  Coleridge  works  the  maximum  load  at  the 
present  time  is  6,000  horse-power,  whilst  it  is  estimated  that  the  total 
power  connected  to  the  circuits  amounts  to  18,000  horse-power.  In  the 
case  of  the  Dunedin  municipal  works  the  maximum  load  recorded  for  the 
year  ended  March,  1917,  was  6,200  horse-power,  whilst  the  load  connected 
to  the  circuits  amounted  to  20,500  horse-power — a  ratio  of  3  to  1  in  the 
former  case  and  over  3  to  1  in  the  latter  case,  which  may  be  taken  as  a 
rough  measure  of  the  ratio  of  total  power  of  plant  when  segregated  to  that 
of  a  centralized  plant.  The  economy  in  capital  which  results  from  the 
concentration  of  the  power-generating  plant  is,  however,  partly  offset  by 
the  expenditure  upon  transmission,  distribution,  and  conversion  ;  but  in 
spite  of  this  the  net  gain  is  considerable,  and  may  be  approximately  ap¬ 
praised  thus  :  The  capital  cost  of  an  electric-power-supply  system,  including 
generating  plant,  transmission,  distribution,  and  transformation,  is  about 
£40  per  horse-power  of  generating  plant  when  fully  developed,  whilst  the 
capital  cost  of  the  self-contained  power-user  is  certainly  not  less  than  £20 
per  horse-power ;  and  if  the  aggregate  power  be  taken  at  three  times  the 
power  of  the  centralized  plant  we  reach  an  expenditure  50  per  cent,  in 
excess  of  the  total  expenditure  upon  an  electric-power-supply  system.  The 
full  benefit  of  economy  in  capital  is  not,  of  course,  realized  except  in  regard 
to  new  industries.  Even  then  the  gain  is  a  substantial  one,  and  the 
greater  the  measure  of  it  the  greater  the  magnitude  of  the  power-supply 
undertaking. 
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Economy  in  Fuel. 

A  saving  in  fuel  results  from  the  fact  that  the  centralized  plant  is 
working  under  more  economical  conditions,  the  load  is  steadier  and  more 
uniform,  the  units  of  power  plant  are  larger  and  therefore  more  economical, 
and  the  location  is  selected  with  a  view  to  economical  working.  For  the 
same  energy  expended  in  the  production  of  wealth  in  a  given  area,  the 
full  consumption  of  a  centralized  plant  is  probably  less  than  one-half  that 
consumed  in  the  absence  of  a  power-supply  system.  This  is  capable  of 
precise  determination  up  to  a  certain  point.  For  example,  the  Lake  Cole¬ 
ridge  plant  is  at  the  present  time  supplying  a  weekly  maximum  of  6,000 
horse-power  at  a  weekly  load-factor  of  60  per  cent.  A  steam  plant  of  the 
same  size  and  number  of  units  would,  under  the  same  conditions  of  supply, 
consume  5  tons  of  coal  per  horse-power  per  annum,  having  a  calorific 
value  of  12,500  B.T.U.  per  pound,  on  the  assumption  that  all  the  conditions 
are  favourable  to  economical  working,  making  a  total  consumption  of 
30,000  tons  of  coal  per  annum.  This  represents  an  efficiency  of  approxi¬ 
mately  10  per  cent.,  which  is  the  appropriate  figure  for  a  plant  of  the  size 
mentioned,  which  becomes  reduced  to  7J  per  cent,  after  allowing  for  losse  i 
in  transmission,  distribution,  and  conversion.  So  far  there  is  no  room 
for  ambiguity.  Such  is  not  the  case,  however,  when  we  come  to  estimate 
the  coal-consumption  on  the  assumption  that  each  power-user .  is  also  a 
power-producer.  The  ambiguity  arises  from  the  fact  that  some  power- 
users  employ  steam-engines ;  others,  gas-engines  driven  by  producer-gas  or 
else  by  illuminating-gas  ;  some  employ  a  belt  drive  from  a  common  shaft, 
whilst  others  employ  an  electric  drive.  The  prevailing  mode,  however, 
and  the  more  general  method  of  factory  driving,  is  by  belting  from  steam- 
power  plant,  and  as  a  rule  gas-power  will  be  found  only  in  the  smaller 
power  plants.  Having  regard  to  all  the  circumstances  it  will  be  found  that 
they  are,  as  a  rule,  not  conducive  towards  economy.  The  small  size  of  the 
individual  power-unit,  unskilled  attention,  the  necessity  of  banking  fires 
over  a  period  three  and  a  half  times  as  long  as  that  over  which  the  power 
is  in  use,  fluctuations  in  load,  and  lack  of  proper  condensing-facilities  all 
make  for  waste.  We  should  not  be  far  wrong  in  estimating  the  efficiency 
at  one-half  the  net  efficiency  of  a  supply  from  a  centralized  power  plant. 
Applying  this  ratio  to  the  present  Lake  Coleridge  area  of  supply,  the  total 
consumption  for  the  same  production  would  require  the  expenditure  of 
60,000  tons  of  coal  per  annum,  showing  a  saving  of  one-half,  or  30,000  tons 
of  coal  per  annum,  due  to  centralizing  the  power  plant  and  to  burning  the 
fuel  under  more  economical  conditions.  In  the  present  instance,  inasmuch 
as  the  power  is  derived  from  head  of  water,  and  not  from  fuel,  the  whole 
of  the  60,000  tons  per  annum  is  economized. 

The  saving  in  fuel  due  to  centralizing  the  power  plant,  and  generating 
electricity  therefrom  and  distributing  it  through  a  given  area,  is  often 
estimated  at  a  higher  figure  than  that  put  forward  above.  Mr.  B.  P.  Sloan 
states*  that,  in  the  case  of  collieries  supplied  from  the  north-east  coast  of 
England  power  system,  75  per  cent,  of  the  coal  previously  used  for  power 
purposes  has  been  saved,  representing  no  less  than  1,000,000  tons  of  coal 
per  annum.  Mr.  C.  H.  Merz,  the  greatest  British  authority  on  the  subject, 

*  R.  P.  Sloan,  Fuel  Economy  on  the  North-east  Coast  as  a  Result  of  Electric- 
power  Supply.  Paper  read  before  the  Newcastle  meeting  of  the  British  Association, 
1916. 


52  The  N.Z.  Journal  of  Science  and  Technology.  [Jan. 

states*  that  if  the  system  of  distribution  of  electric  power  were  as  fully 
developed  in  other  industrial  districts  of  Great  Britain  as  in  the  north-east 
coast  district  the  resultant  economies  in  coal-consumption  would  amount 
in  the  near  future  to  25,000,000  tons  of  coal  per  annum.  These  economies, 
be  it  noted,  are  obtained  as  the  result  of  burning  coal  under  more  economical 
conditions  in  a  centralized  power  plant,  the  source  of  energy  in  the  case 
cited  being  coal,  and  not  head  of  water.  If  the  value  of  the  fuel  saved  be 
capitalized,  and  compared  with  the  capital  expended  upon  the  power-supply 
system  by  the  agency  of  which  the  saving  is  effected,  we  reach  a  startling 
conclusion.  Assuming  that  the  power  is  derived  from  water,  the  capital 
expenditure  should  not  exceed  £40  per  horse-power  of  ultimate  develop¬ 
ment  under  favourable  circumstances,  inclusive  of  generating  plant,  trans¬ 
forming  plant,  transmission-lines,  and  distribution-lines.  Taking  the  saving 
in  coal  at  10  tons  per  horse-power  per  annum,  and  the  average  price 
at  £1  per  ton,  the  annual  cost  of  coal  is  £10  per  horse-power' — That  is  to 
say,  the  capital  expenditure  upon  a  hydro-electric  power  system  is  recover¬ 
able  in  four  years  by  the  saving  in  coal  only,  without  reckoning  upon  any 
other  economies  and  without  taking  any  credit  for  increased  production 
and  other  gains.  Supposing  we  discount  these  figures  somewhat,  and  reckon 
to  recover  the  capital  in  five  or  even  six  years  out  of  the  coal  saved,  the 
conclusion  is  sufficiently  striking  to  merit  serious  consideration. 

Economy  in  Operation  and  Maintenance. 

Coming  next  to  the  consideration  of  economies  in  operation  and  main¬ 
tenance  due  to  centralization  of  the  power  plant,  the  saving  in  labour  is 
considerable  even  where  a  fuel  plant  is  used,  if  only  by  reason  of  the  smaller 
quantity  of  coal  required  to  be  handled.  As  a  matter  of  fact,  however, 
the  centralization  of  the  power  admits  of  the  utilization  of  labour-saving 
devices  in  a  remarkable  degree.  The  greater  the  power  plant  the  greater 
is  the  economy  in  labour,  as  it  requires  no  more  men  to  operate  or  control 
large  units  than  small  units,  whilst  in  a  water-power  plant  the  number  of 
men  employed  is  less  than  one-third  that  employed  in  operating  a  fuel 
station  of  the  same  size.  Take,  again,  the  cost  of  maintenance,  and  compare 
the  cost  of  maintaining  a  few  large  power-units  of  efficient  type  against 
the  cost  of  a  multiplicity  of  small  units  of  an  inferior  type,  and  some  idea 
may  be  formed  of  the  saving  effected.  Over  against  this  must,  however, 
be  set  the  cost  of  maintenance  of  transmission  and  distribution  lines, 
substations,  and  management.  It  is  quite  evident,  however,  from  what 
has  been  said  that  the  net  gain  is  considerable. 

Advantages  to  the  Power-user. 

First,  as  regards  the  advantages  of  a  bulk  supply  in  general,  the  power- 
user  is  freed  from  the  necessity  of  finding  capital  for  a  power-generating 
plant,  including  accommodation  for  a  coal-store,  and  so  he  saves  space 
which  can  be  devoted  to  the  purpose  of  his  business.  He  is  not  restricted 
or  hampered  in  the  development  of  his  business  by  the  size  of  his  power 
plant,  but  takes  his  supply  of  energy  from  the  power-mains  as  he  needs 
it,  to  suit  the  requirements  of  his  business.  He  has  not  to  maintain,  a 
stock  of  coal,  whilst  the  power  usually  costs  him  somewhat  less  than  the 

*  C.  H.  Merz,  Electric-power  Distribution.  Paper  read  before  the  Newcastle 
meeting  of  the  British  Association,  1916. 
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cost  of  coal  required  to  supply  his  own  generating  plant,  so  that  he  makes 
a  direct  saving  of  the  cost  of  labour  and  maintenance,  and  if  he  has  not 
already  installed  a  power  plant  he  saves  interest  and  depreciation  on  the 
cost  of  the  power  plant  as  well. 

It  is  also  found  that  the  motive  power  is  more  uniform,  resulting  in 
a  greater  yield  from  the  same  plant,  the  amount  of  which  depends  upon 
the  nature  of  the  product.  Experiments  made,  for  instance,  with  certain 
fireclay-mills  showed  an  increase  of  30  per  cent,  from  the  same  machinery 
with,  of  course,  a  greater  energy-consumption.  Certain  products,  like  cotton 
and  cloth,  are  more  uniform  in  texture,  have  fewer  breakages,  and  in 
consequence  show  a  larger  output,  due  to  fewer  stoppages.  In  the  case 
of  Hour-milling,  the  facility  with  which  the  power  can  be  measured  and 
recorded  enables  a  blockage  to  be  detected  at  once  and  the  yield  maintained. 
These  advantages  may,  of  course,  be  gained  by  adopting  electricity  as 
motive  power,  and  generating  electricity  on  the  premises ;  but  experience 
shows  that  this  is  seldom  done,  the  reason  being  that  a  change  of  the  kind 
is  seldom  effected  except  as  the  result  of  some  immediate  tangible  advantage 
which  will  show  on  the  profit  and  loss  account.  The  advantages  mentioned 
are  not  self-evident,  and  are  often  problematical,  and  cannot  be  demon¬ 
strated  without  considerable  expense.  In  consequence,  unless  such  induce¬ 
ment  as  can  only  be  offered  by  a  power-supply  authority  is  forthcoming,  a 
change  to  electric  driving  is  rare. 

Utilization  of  Surplus  Power  from  Industrial  Operations. 

A  number  of  power-sources  exist  which  are  intermittent  in  character 
or  are  more  or  less  lacking  in  continuity,  and  are  therefore  unsuitable  for 
the  purpose  of  meeting  unaided  the  exigencies  of  a  power-supply  system, 
while  taken  individually  they  are  generally  inadequate  for  such  a  purpose. 
Such  sources,  however,  may  readily  be  utilized  as  auxiliary  sources,  pro¬ 
vided  there  is  already  established  a  power  system  deriving  its  supply  from 
a  generating-station  or  from  a  station  which  is  devoted  to  the  purpose 
of  supply,  and  from  which  the  supply  can  be  controlled  and  regulated. 
Examples  of  such  sources  are  combustible  gases  from  coke-ovens,  of  which 
the  surplus  over  and  above  the  requirements  of  the  furnaces  amount  to 
some  80  horse-power  per  ton  of  coke  ;  blast-furnace  gases,  the  available 
surplus  of  which  amounts  to  some  375  horse-power  hours  per  ton  of  pig 
iron  when  burnt  under  boilers,  or  say  twice  the  amount  if  expended  in 
gas-engines.  A  notable  example  of  the  utilization  of  waste  gases  as  auxiliary 
sources  of  power  is  found  on  the  north-east  coast  of  England,  where  the 
power  company  operating  there  has  connected  to  its  system  eleven  waste- 
heat  stations,  which  supply  electric  energy  equivalent  to  that  which  would 
be  produced  from  150,000  tons  of  coal  per  annum.* 

Auxiliary  power  may  similarly  be  obtained  from  inferior  grades  of 
coal  or  from  screenings  and  waste-heaps  of  the  coal-mines,  either  by 
pulverizing  and  burning  under  boilers,  or,  preferably,  by  distilling  the  coal 
and  utilizing  the  waste  gases  and  at  the  same  time  recovering  the  tar- 
products  and  ammonia. 

Peat  deposits  may  be  treated  in  the  same  way  for  a  number  of  valuable 
organic  compounds  by  well-known  processes,  and  the  waste  gases  utilized 
for  generating  power,  which  may  be  absorbed  and  utilized  by  a  general 
power-supply  system. 


*  R.  P.  Sloan,  loc.  cit. 
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All  such  sources  partake  of  the  character  of  by-products,  and  as  such 
are  variable  in  quality  and  fluctuating  in  quantity  as  the  raw  material 
varies  or  the  market  for  the  main  product  fluctuates,  and  therefore  not 
dependable  as  a  self-contained  source  of  power.  A  power-supply  system 
in  these  cases  affords  a  means  of  marketing  what  is  otherwise  a  waste- 
product. 

Other  sources  of  power  of  a  different  character  from  the  foregoing,  which 
must  inevitably  remain  unutilized  with  absence  of  a  power-supply  system, 
are  water-power  sources  the  flow  of  water  in  which  is  too  variable  or 
inadequate  as  a  main  or  principal  source  of  supply.  It  frequently  occurs, 
that  a  water-power  source  can  be  cheaply  developed,  but  that  the  provision 
of  storage  necessary  to  make  it  a  dependable  source  is  not  possible  except 
at  great  expense.  Provided,  however,  that  a  power  system  is  already 
established  with  one  or  more  reliable  sources  from  which  the  power  can  be 
regulated  and  controlled,  such  sources  may  very  conveniently  be  utilized 
as  auxiliary  supplies,  the  deficiencies  of  which  are  made  good  from  the 
principal  source  or  sources. 

Thus  the  establishment  of  a  power-supply  system  not  only  affords  a 
means  of  supplying  cheap  and  efficient  power,  but  also  enables  power  to 
be  absorbed  and  utilized  which,  in  its  absence,  runs  to  waste  because  there 
is  no  local  use  for  it,  whilst  it  is  not  dependable  enough  to  form  an  inde¬ 
pendent  source  for  power-supply  purposes. 

The  Establishment  of  New  Industries. 

It  has  been  shown  how  a  power-supply  undertaking  affords  a  means 
of  utilizing  waste  gases  from  industrial  operations,  and  also  of  utilizing 
power  derived  from  inferior  coals  which  will  not  bear  the  cost  of  transport, 
or  of  peat,  which  must  be  treated  locally  if  treated  at  all.  And  inasmuch 
as  the  utilization  of  such  material  is  only  possible,  or  at  least  is  very  much 
facilitated,  by  the  existence  of  an  electric-power  system,  they  constitute 
examples  of  industries  created  by  its  establishment.  It  has  also  been 
shown  how  the  provision  of  a  cheap  and  unrestricted  supply  of  electricity 
facilitates  the  growth  of  existing  industries.  In  addition  to  this,  however, 
it  promotes  the  establishment  of  new  industries  which  are  dependent  upon 
electricity  as  a  thermal  or  electro-chemical  agent.  An  example  of  this  may 
be  found  in  the  neighbourhood  of  Christchurch,  where  the  Lake  Coleridge 
supply  has  made  it  possible  to  put  into  operation  a  plant  for  the  manufacture 
of  hydrated  oxide  of  iron  from  discarded  iron  cans  and  cases,  and  where 
projects  for  the  manufacture  of  caustic  soda,  hydrochloric  acid,  and  for 
making  steel  castings  out  of  steel  scrap  are  well  advanced. 

Other  examples  of  the  same  class  of  industry  are  the  manufacture  of 
calcium  carbide,  calcium  cyanamide,  and  nitric  acid.  Such  commodities, 
are  usually  manufactured  on  a  large  scale  in  localities  where  harbour 
facilities  are  obtainable  in  conjunction  with  cheap  water-power  development. 
On  the  other  hand,  since  they  form  the  base  of  many  industries  and  are 
in  themselves  very  unsuited  for  transport  purposes,  it  is  often  found 
advantageous  to  manufacture  them  in  localities  where  the  market  exists 
rather  than  to  carry  them  long  distances,  provided  that  the  raw  material 
is  obtainable  together  with  a  supply  of  electric  power  at  reasonable  rates, 
even  although  the  cost  of  power  may  be  considerably  higher  than  in  the 
former  case.  An  opportunity  exists  of  establishing  an  industry  of  this 
kind  in  conjunction  with  the  freezing  industry  by  employing  the  electric 
power  to  the  full  in  a  chemical  industry  during  the  slack  season  of  the 
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freezing-works,  and  so  utilizing  it  to  the  utmost.  In  a  sense,  electric  power 
for  such  a  purpose  partakes  of  the  character  of  a  by-product,  as  the  annual 
cost  of  power  from  a  water-power  source  is  practically  the  same  whether 
used  for  three  minutes  in  the  year  or  for  the  whole  year. 

Another  example  of  an  industry  which  may  be  said  to  be  almost 
dependent  upon  a  general  power  system  for  its  existence  is  that  of  crushing 
limestone  for  agricultural  purposes.  If  limestone  is  to  be  obtained  in 
quantities  and  at  such  prices  that  the  agriculturist  can  afford  to  use  it  in 
such  large  quantities  as  seem  desirable,  it  can  only  be  obtained  as  the 
result  of  the  application  of  power  to  crushing  in  chosen  localities,  and  to  a 
large  extent  upon  the  farm  itself,  so  as  to  save  handling  and  bagging.  In 
other  words,  electricity  must  be  brought  to  the  quarry  and  the  farm  ;  and 
once  it  is  brought  to  the  farm  it  opens  out  vistas  of  development  previously 
unthought-of,  resulting  in  increased  production  and  closer  settlement,  besides 
taking  the  place  of  oil-engines  in  shearing,  milking,  wood-chopping,  and  other 
mechanical  uses,  and  the  place  of  steam  for  threshing.  We  find  that 
steady  progress  is  being  made  with  the  use  of  electricity  as  a  stimulant 
of  certain  crops,  whilst  on  land  suited  for  the  purpose  the  electric  plough 
seems  to  be  making  headway.  Closely  connected  with  the  agricultural 
industry  is  that  of  light  railways,  by  which  is  meant  a  class  of  railway 
suited  for  rural  service  as  distinct  from  trunk  railway-lines  or  even  branch 
lines- — -a  kind  of  railway,  in  fact,  which  serves  the  same  purpose  for  a  rural 
community  as  a  tramway  does  for  a  town  population,  except  that  goods 
would  predominate  over  passengers.  Such  light  railways  cannot  be  operated 
satisfactorily  except  by  electricity,  the  cost  of  which  is,  however,  prohibitive 
unless  obtainable  from  a  general  electric-supply  system.  Examples  may 
be  multiplied,  but  enough  has  been  said  to  show  how  a  power  system 
gives  birth  to  new  industries  and  activities  which  are  wholly  or  partly 
dependent  upon  a  supply  of  electric  power  being  generally  available 
throughout  the  country. 

Conclusions. 

It  has  been  shown  that  the  establishment  of  a  general  power-supply 
system  leads  to  an  economy  in  capital,  fuel,  and  labour  ;  that  it  enables 
the  power-user  to  develop  his  business  and  to  increase  his  output  unhampered 
by  considerations  relating  to  the  inadequacy  of  his  plant ;  that  the  power¬ 
lines  provide  a  means  of  absorbing  power  from  sources  which  are  other¬ 
wise  wasted  or  remain  undeveloped  ;  and  that  the  facilities  offered  make 
new  industries  possible,  and  promote  closer  settlement.  The  saving  in 
fuel  alone  is  sufficient  to  enable  the  capital  expenditure  in  a  power-supply 
undertaking  to  be  recovered  in  about  five  years’  time,  without  taking 
credit  for  other  economies  effected.  The  result  is  a  substantial  increase 
in  national  efficiency.  An  increased  efficiency,  however,  has  a  cumulative 
effect,  because  it  invariably  leads  to  increased  production  for  the  same  effort. 
This  in  turn  adds  to  the  efficiency  as  a  result  of  increase  in  the  volume  of 
business  transacted,  which  again  reflects  upon  production,  and  so  on,  until 
equilibrium  is  reached. 

Enough  has  been  said  to  support  the  contention  that  a  power-supply 
system  with  distribution  within  reach  of  all,  capable  of  satisfying  the  needs 
of  the  agricultural  and  industrial  community,  is  a  necessity  as  a  means  of 
fully  developing  the  resources  of  a  State,  and  that  the  economic  gain  to  the 
community  is  so  great  that  no  nation  which  means  to  survive  can  afford 
to  neglect  the  means  of  securing  it. 
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Notes  on  the  Geology  of  the  Waikato  Valley  near 

Maungatautari. 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  Geological  Survey  Department. 

(A  map  illustrating  this  paper  appears  in  the  Eleventh  Annual  Report  of  the 
New  Zealand  Geological  Survey,  1917.) 

The  Waikato  River,  to  the  south-east  of  the  irregular  volcanic  cone  of 
Maungatautari,  flows  in  a  north-north-easterly  direction,  this  portion  of 
its  course  forming  the  Arapuni  Gorge.  Escaping  from  this  gorge,  its 
course  is  due  north  in  a  well-terraced  but  narrow  valley  for  seven  miles, 
and  then  the  river,  turning  abruptly  to  the  left,  enters  the  Maungatautari 
Gorge,  through  which  it  flows  nearly  west  for  five  miles.  Near  this  point, 
about  five  miles  from  the  town  of  Cambridge,  the  river  reaches  the  middle 
Waikato  basin,  which  may  be  considered  part  of  the  plain  that  stretches 
northward  to  the  Hauraki  Gulf.  The  river  from  its  entrance  of  the  Arapuni 
Gorge  to  its  exit  from  the  Maungatautari  Gorge,  a  distance  of  about  eighteen 
miles,  falls  nearly  200  ft. 

The  rocks  exposed  along  the  valley  as  far  as  examined  are  almost  entirely 
of  a  pumiceous  nature,  and  range  from  well-consolidated  tuff  to  loose  sand. 
For  about  a  mile  at  the  upper  end  of  the  Maungatautari  Gorge  greywackes 
and  argillites,  considered  to  be  of  Trias-Jura  age,  outcrop  along  the  bed 
and  north  bank  of  the  river.  These  do  not  appear  to  rise  more  than  50  ft. 
above  the  level  of  the  stream.  Similar  rocks  are  reported  to  occur  on  the 
Puketurua-Putaruru  Road  two  or  three  miles  west  of  the  latter  township. 
At  the  Maungatautari  Gorge  the  irregular  surface  of  the  old  rocks  is  overlain 
by  pumiceous  tuff,  which  in  this  locality  forms  the  crests  of  hills  that  rise 
750  ft.  above  the  stream-level.  Similar  material  outcrops  at  many  points 
along  the  river,  and  on  either  side  of  the  valley  forms  hills  rising  to  heights 
of  a  like  order. 

Much  of  the  tuff,  which  varies  considerably  in  colour  and  texture,  was 
evidently  laid  down  under  water.  Prominent,  however,  is  a  light-coloured 
rock  of  subaerial  origin  which  bears  a  marked  resemblance  to  the  so-called 
x‘  wilsonite  ”  of  the  Waihi  district.*  It  has  a  fine-grained  matrix,  in  which 
small  fragments  and  flakes  of  pumiceous  rhyolite  lie  roughly  parallel.  This 
rock  in  fresh  section  is  usually  a  pale-yellow,  grey,  or  buff  colour,  and 
weathers  to  various  shades  of  grey.  In  some  localities  rounded  pebbles  of 
andesite,  obsidian,  and  greywacke  occur  ;  in  others  the  pumice  fragments 
increase  in  size  and  number  till  the  rock  becomes  a  pumice  breccia,  while 
in  others  the  larger  flakes  may  entirely  disappear.  Sometimes  the  matrix 
is  darkened  by  the  presence  of  mica  flakes,  an  effect  probably  due  to  the 
sorting  action  of  water.  These,  however,  may  be  altogether  wanting  when 
the  rock  becomes  a  gritty  sandstone.  Although  in  general  the  material  of 
the  tuffs  is  obviously  of  pyroclastic  origin,  a  few  bands  occur  in  which  the 
form  of  the  fragments  has  been  decidedly  modified  by  water-action.  Thus 
beds  of  coarse  and  fine  pumiceous  conglomerate,  well-bedded  sandstone, 
and  white  mudstone  are  found  intercalated  between  thick  layers  of  tuff  and 
breccia. . 

The  fine  material  that  constitutes  the  bulk  of  the  rock  consists  almost 
entirely  of  minute  fragments  of  volcanic  glass.  These  readily  decompose 

*  See  J.  Henderson,  N.Z.  G.S.  Bull.  No.  16,  1913,  pp.  70-73,  and  previous 
literature  there  cited. 
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by  atmospheric  weathering,  thereby  liberating  silica,  by  the  redeposition 
of  which  the  particles  are  cemented  together.  This  silicification  is  par¬ 
ticularly  prominent  on  the  surface  and  along  the  joint-planes,  and  a  hard 


crust  is  formed  which  protects  the  softer  material  within.  For  this  reason, 
but  also  in  part  on  account  of  the  general  porosity  of  the  rocks,  the  tuffs 
do  not  readily  produce  a  subdued  topography,  but  form  vertical  cliffs  along 
the  river-valleys. 
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An  excellent  section  of  the  tuffs  is  exposed  along  the  Arapuni  Gorge. 
In  the  neighbourhood  of  the  proposed  dam-site  the  lowest  rock  observed 
contains  scattered  pebbles  of  andesite,  obsidian,  and  greywacke.  This  is 
at  least  50  ft.  thick,  and  is  overlain  (junction  obscured  by  talus)  by  layers 
of  a  soft  dark-coloured  tuff,  which  grades  upward  into  a  light-coloured  well- 
consolidated  rock  at  least  90  ft.  in  thickness.  Two  or  three  feet  of  fine¬ 
grained  material  containing  carbonaceous  matter  next  succeeds,  and  this 
passes  into  a  rather  soft  pumiceous  sandstone  30  ft.  thick.  The  fine-grained 
dark  material  is  considered  to  mark  an  old  land-surface,  which  is  here 
150  ft.  above  the  stream,  but  which,  owing  to  a  southerly  slope,  reaches 
the  river  about  half  a  mile  up-stream.  There  a  pumice  conglomerate  of 
fine  texture  occurs  beneath  the  soft  pumiceous  sandstone,  which  has  greatly 
thickened  and  forms  vertical  cliffs  400  ft.  to  500  ft.  high.  This  sandstone, 
which  weathers  to  a  dull  reddish-brown  colour,  is  capped  by  tuff  which  forms 
hills  on  both  sides  of  the  river. 

The  old  land -surface,  mentioned  above  as  intervening  between  the  two 
sets  of  beds,  must  have  been  highly  irregular.  The  wide  uneven  shelf 
which  is  prominent  along  the  cliffs  on  both  sides  of  the  river  up-stream 
from  the  dam-site  is  evidently  composed  of  the  lower  tuffs,  which  are  more 
resistant  than  the  massive  pumiceous  sandstone  that  is  here  the  lowest 
portion  of  the  younger  tuff  beds.  A  few  chains  below  the  dam-site  the 
gorge  cuts  across  an  old  steep-sided  valley  the  bottom  of  which  reaches 
within  30  ft.  of  the  river.  So  far  as  can  be  judged  from  the  cliff-tops,  this 
is  filled  with  sandstone  and  conglomerate  belonging  to  the  younger  series 
of  tuffs.  Probably  the  stratified  sandstone  at  the  Aniwhaniwha  Rapids  was 
also  laid  down  at  the  same  time. 

With  the  exception  of  the  gravels  and  sands  of  the  river-bed  and  low 
terraces  the  only  other  deposits  in  the  district  are  pumice  sands  that  fill 
an  old  river-valley.  These  are  well  seen  near  the  upper  end  of  the  Maunga- 
tautari  Gorge,  where  the  Pairere  Stream  exposes  along  its  valley-walls 
incoherent  current-bedded  sands,  with  occasional  bands  of  gravel,  to  a 
depth  of  150  ft.  These  sands  have  been  laid  bare  at  many  other  points 
in  road-cuttings  or  along  stream-channels,  and  everywhere  are  seen  to  have 
been  formed  by  river-action. 

The  valley  of  the  Waikato  between  the  Arapuni  and  Maungatautari 
Gorges  is  fringed  by  well-marked  terraces.  At  some  points  seven  or 
eight  may  be  counted,  and  three  of  these  extend  for  miles  along  the 
valley.  The  lowest  important  terrace  has  a  general  height  of  80  ft.  above 
the  level  of  the  stream  below  the  rapids  at  Aniwhaniwha  and  above  the 
rapids  a  height  of  50  ft.  There  are  at  places  two  or  three  terraces  at  a 
lower  level,  but  there  is  practically  no  flood-plain,  the  river  being  en¬ 
trenched  to  the  depth  stated  above.  The  next  important  terrace  is  about 
160  ft.  higher  than  the  first,  while  the  third  is  about  240  ft.  This  last 
terrace  has  been  somewhat  mutilated  by  denudation,  and  its  surface,  in 
addition,  slopes  more  decidedly  towards  the  river  than  do  the  surfaces  of  the 
other  terraces. 

The  lowest  terrace  stretches  almost  continuously  on  both  sides  of 
the  river  from  one  gorge  to  the  other,  while  the  highest  has  its  chief 
development  on  the  western  side  of  the  valley.  The  middle  terrace, 
however,  is  much  the  most  extensive.  From  Aniwhaniwha,  where  it  is 
about  390  ft.  above  sea-level,  it  extends  up-stream  on  both  sides  of  the 
valley  to  the  Arapuni  Gorge.  Below  this  point,  to  the  eastward,  it  forms 
a  high-level  flat,  400  ft.  to  420  ft.  above  the  sea,  one  mile  wide  by  two  miles 
long,  and  lying  between  the  Waikato  and  the  lower  course  of  the  Waipa. 
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This  flat  extends  for  some  distance  up  the  valley  of  the  latter  stream.. 
North  of  the  village  of  Puketurua  three  rocky  knobs  or  buttes,  formed  o£ 
rhyolitic  tuff,  rise  about  100  ft.  above  its  surface.  On  the  western  side  of 
the  river,  opposite  the  south-west  corner  of  the  Waipa  Flat,  the  Waikato 
is  joined  by  the  Waiteti,  a  small  stream  that  rises  on  the  southern  slopes 
of  Maungatautari.  The  middle  terrace  extends  along  this  stream  as  a 
flat-bottomed  valley  from  40  chains  to  60  chains  in  width.  Four  miles, 
above  its  junction  with  the  Waikato  the  Waiteti  issues  from  the  slopes  of 
Maungatautari  and  enters  this  wide  valley,  which  continues  southward  with 
a  gentle  easterly  curve  that  must  carry  it  once  more  to  the  present  valley 
of  the  Waikato. 

Down-stream  from  Aniwhaniwha  the  middle  terrace  is  prominently 
developed  as  far  as  the  head  of  the  Maungatautari  Gorge.  From  this  point 
it  is  continued  as  a  flat-bottomed  valley  more  than  half  a  mile  in  width. 
This,  the  Hinuwera  Valley,  slopes  gently  in  a  north  -  easterly  direction 
towards  Matamata.  Where  it  overlooks  the  Waikato  its  height  above  sea- 
level  is  360  ft.,  while  four  miles  northward  of  this  point  it  is  330  ft.. 
A  shallow  channel,  once  occupied  by  the  river  that  formed  this  ancient 
valley,  and  wide  enough  to  contain  the  present  Waikato,  swings  gently 
from  one  side  to  the  other. 

Below  the  Maungatautari  Gorge  the  Waikato  enters  its  middle  basin,, 
a  wide  alluvial  plain,  which  is  here  about  300  ft.  above  sea-level.  This 
plain,  which  as  a  wedge-shaped  flat  penetrates  between  the  Maunga- 
kawa  Hills  and  the  spurs  of  Maungatautari,  has  undoubtedly  been 
formed  by  the  smothering  of  an  old  land-surface  with  loose  pumice 
sands  of  fluviatile  origin.  Near  the  lower  end  of  the  gorge  two  low 
rounded  hills  entirely  surrounded  by  alluvium  rise  above  the  plain, , 
and  similar  hills  occur  at  Hamilton.  It  should  be  noted  that  even  in 
the  narrow  portion  ot  the  plain  which  penetrates  the  hills,  and  which 
partakes  of  the  nature  of  a  valley-floor,  there  is  no  trace  of  terraces 
fringing  the  hill-slopes.  On  the  other  hand,  along  the  Hinuwera  Valley,, 
which,  although  it  drains  to  another  river-system  and  is  separated  from 
the  Waikato  by  the  Maungakawa  Hills,  must  still  be  regarded  as  an  off¬ 
shoot  from  the  same  plain,  there  are  remnants  of  higher  river-terraces 
on  the  flanking  hills.  These  correspond  with  the  denuded  highest  set  of 
terraces  occurring  along  the  Waikato  Valley  in  the  neighbourhood  of 
Aniwhaniwha. 

The  evidence  shows  that  the  present  Waikato  follows  its  old  course  only 
between  the  gorges  ;  northward  it  once  flowed  toward  Matamata  by  way 
of  the  Hinuwera  Valley,  while  southward  its  old  channel  lay  between  the 
Arapuni  Gorge  and  Maungatautari.  The  valley  in  which  the  river  then 
flowed  had  probably  been  excavated  to  as  great  a  depth  as  that  now 
existing.  For  some  reason,  either  from  a  decrease  in  the  carrying-power 
of  the  stream  or  from  an  increase  in  its  load,  the  old  valley  was  filled  in.. 
The  most  plausible  explanation,  is  that  the  land  was  depressed  relatively 
to  the  sea  rather  more  than  200  ft.  This  checked  the  current  and  caused 
the  filling-up  of  the  valley  with  pumice  sand  brought  from  the  Taupo 
region.  Toward  the  close  of  this  period  the  river  flowed  in  a  shallow 
channel  in  a  wide  flood-plain  now  represented  by  the  middle  terrace.. 
About  fifteen  miles  of  this  old  flood-plain  has  been  examined  and  found  to 
have  a  regular  grade  of  about  7  ft.  per  mile.  While  this  flood-plain  was 
being  built  the  stream  would  tend  readily  to  change  its  course  ;  in  places 
it  would  flow  in  braided  channels,  and  shallow  lateral  lakes,  similar  to 
those  in  the  neighbourhood  of  Huntly,  might  form.  As  the  spurs  from 
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the  valley-sides  were  buried  the  higher  points  would  become  islands 
surrounded  by  river  alluvium,  and  doubtless  at  places  in  its  wanderings 
the  stream  would  cross  buried  ridges  and  hills.  Then  came  elevation  of 
the  land,  and  the  streams  began  to  deepen  their  beds.  The  tendency  of 
a  down-cutting  stream  is  to  maintain  its  course,  and  this  the  Waikato  has 
done,  forming  the  Arapuni  and  Maungatautari  Gorges  by  cutting  through 
the  relatively  hard  rocks  of  its  old  valley-sides. 

This  district  has  received  scant  attention  from  geologists.  In  1859 
Hochstetter*  crossed  the  Waikato  at  Aniwhaniwha  by  a  log  bridge  placed 
across  the  river  by  the  Maoris.  He  remarked  on  the  peculiar  windings 
of  the  stream  at  this  point,  the  numerous  potholes  in  the  tuff,  and  the 
regular  terraces  fringing  the  valley.  Cussenf  in  1888  and  again  in  1893 
pointed  out  that  the  Hinuwera  Valley  had  been  formed  bv  the  Waikato 
when  that  river  flowed  at  a  higher  level. 


REVIEWS. 

An  Investigation  into  the  Prospects  of  establishing  a  Paper- making 

Industry  in  South  Australia,  by  W.  A.  Hargreaves  ;  with  appendices 

by  J.  C.  Earl  and  D.  C.  Winterbottom.  Bulletin  of  the  Department 

of  Chemistry,  South  Australia,  No.  1,  56  pp.,  1916. 

This  is  the  first  of  a  new  series  of  bulletins  dealing  with  industrial 
problems  from  the  chemical  standpoint,  and  already  eight  other  shorter 
bulletins  of  the  series  have  been  issued  by  the  Department  of  Chemistry 
of  South  Australia.  Mr.  Hargreaves,  the  Director  of  the  Department,  is 
to  be  congratulated  upon  the  energy  with  which  he  has  met  the  call  for 
increased  industrial  research. 

It  appears  that  South  Australia  is  entirely  dependent  upon  outside 
sources  for  supplies  of  both  paper  and  millboard.  There  are  four  mills 
in  Victoria,  three  of  which  produce  millboard  and  strawboard,  while  the 
other  is  essentially  a  paper-mill.  In  New  South  Wales  there  is  one 
paper-mill,  and  one  or  two  board-mills.  The  output  of  these  mills  is 
not  given,  but  the  total  imports  of  paper  and  boards  into  Australia  for 
1913  were  valued  at  £1,727,941,  and  into  South  Australia  £283,250  for  the 
same  period. 

There  are  so  many  kinds  of  paper  produced  from  different  materials 
and  made  for  different  purposes  that  the  subject  cannot  be  treated  in  a 
general  way.  The  classification  adopted  by  Mr.  Hargreaves  is 

.  A — Hand-made  papers,  and  special-quality  writing  and  printing 
papers. 

B— News  printings. 

C — Ordinary  writing  and  printing  papers  (other  than  news  papers). 

D — Wrapping-papers. 

The  manufacture  of  hand-made  and  special-quality  papers  is  obviously 
out  of  question  in  the  Dominions.  News  printings  are  at  present  made 

*  New  Zealand ,  1867,  pp.  450-51. 

t  Notes  on  the  Waikato  River  Basins,  Trans.  N.Z.  Inst.,  vol.  21,  1889,  p.  409. 
Notes  on  the  Piako  and  Waikato  River-basins,  Trans.  N.Z.  Inst.,  vol.  26,  1894, 
pp.  400-1. 
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almost  exclusively  of  wood-pulp  in  Norway,  Sweden,  Canada,  and  New¬ 
foundland,  and  the  Australian  timbers  are  not  so  suitable.  It  is  suggested, 
however,  the  indications  are  that  the  time  is  not  far  distant  when  the 
demand  for  wood-pulp  will  overtake  the  supply,  and  a  reserve  of  timber 
scientifically  controlled  will  be  a  very  valuable  asset.  Pinus  insignis  is 
indicated  as  a  species  it  would  be  profitable  to  plant  for  this  purpose. 

Prior  to  the  extensive  use  of  wood-pulp,  news  printings  were  made  in 
England  from  straw,  with  small  proportions  of  esparto-grass  to  give  strength, 
and  in  parts  of  the  Continent  this  method  is  still  in  use,  although  the  price 
of  the  straw  at  the  mill  may  reach  as  high  as  £1  16s.  per  ton.  It  is  esti¬ 
mated  that  straw  should  cost  not  more  than  £1  10s.  in  South  Australia 
delivered  at  the  mill.  It  is  considered  practicable  on  this  basis  to  establish 
a  paper-factory  in  the  State,  using  a  mixture  in  the  proportion  of  81  tons 
of  straw-pulp,  34  tons  of  chemical  wood,  and  10  tons  of  china  clay,  and 
having  an  annual  output  of  2,500  tons  per  annum,  at  a  cost  of  £16  18s.  per 
ton.  This  paper  could  not  compete  with  the  cheapest  wood-pulp  paper, 
but  is  of  better  quality,  and  would  find  a  sale.  Inquiries  as  to  local  fibres 
to  replace  esparto-grass  show  that  marine  fibre  ( Posidonia  australis )  is  not 
economical,  but  other  Australian  fibres  are  more  promising. 

Ordinary  writing  and  printing  papers  are  already  produced  in  Australia 
from  waste  paper,  rags,  imported  chemical  wood-pulp,  and  china  clay. 
Waste  paper  is  not,  of  course,  used  in  the  production  of  the  best  qualities, 
but  it  is  in  great  demand  at  prices  of  from  £2  10s.  to  £5  per  ton  according 
to  quality.  Australia  is  said  to  be  the  largest  consumer  of  paper  in  the 
world  per  head  of  population,  importing  9  per  cent,  of  the  total  exports 
of  all  countries,  and  consequently  there  is  a  large  supply  of  waste  paper. 
Wrapping-papers  are  produced  in  Australia  from  waste  paper,  bagging, 
rope,  &c.,  with  or  without  rags  or  wood-pulp. 

Besides  the  manufacture  of  paper  from  straw,  the  bulletin  also  deals 
fullv  with  the  manufacture  of  strawboards,  and  in  both  cases  the  estimated 
costs  of  manufacture  are  detailed  in  full. 

The  Resources  of  the  Empire,  by  J.  Watson  Grice.  International  In¬ 
formation  Series,  British  Empire  Section,  Vol.  1,  sm.  8vo,  64  pp. 

Published  for  the  International  Information  Committee  by  George 

Allen  and  Unwin,  Limited,  London,  1917.  Is.  net. 

The  International  Information  Committee,  of  which  the  Hon.  W.  Pember 
Beeves  is  a  member,  has  as  its  aim  the  preparation  by  experts  and  the 
publication  of  a  systematic  series  of  literature  dealing  with  and  explaining 
the  British  Empire  —  its  origins,  constitution,  resources,  and  general  con¬ 
ditions.  Plans  are  in  contemplation  for  a  similar  series  on  Russia,  Italy, 
and  France. 

The  present  volume  is  general  in  scope  and  non-technical  in  treatment, 
and  calls  for  no  special  notice  in  this  Journal.  It  forms  part  of  a  series 
entitled  “  Imperial  and  Overseas,”  dealing  with  various  aspects  of  the 
Empire  as  a  whole,  and  with  the  Dominions  and  Crown  Colonies  in  detail. 
More  interest  will  attach  to  a  promised  second  series,  styled  “  Industry  and 
Production,”  dealing  with  individual  industries,  such  as  woollen,  iron  and 
steel,  electrical  engineering,  glass  and  precious  metals,  pottery,  forestry, 
sea-fishing,  chemicals,  oil,  coal,  leather,  rubber,  and  sugar. 

The  New  Zealand  Government  is  subscribing  to  the  series,  and  copies 
may  be  consulted  in  the  General  Assembly  Library,  the  Dominion  Museum 
Library,  and  the  chief  public  libraries  of  the  Dominion. 
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RECENT  PUBLICATIONS. 


PHYSICS. 

Farr,  C.  C.  A  Magnetic  Survey  of  the  Dominion  of  New  Zealand  and  some  of  the 
Outlying  Islands  for  the  Epoch  30th  June,  1903.  Pp.  i-iv,  1-66,  and  addendum, 
figs.,  18  maps  ;  4to  ;  Lands  and  Survey  Dept.,  Wellington,  N.Z.,  1917. 

CHEMISTRY  AND  METALLURGY. 

Donovan,  W.  The  Distribution  of  Titanium,  Phosphorus,  and  Vanadium  in  Taranaki 
Ironsand.  Trans.  N.Z.  Inst.,  vol.  48,  pp.  503-7,  1916. 

An  analysis  of  Taranaki  ironsand  from  Patea  and  New  Plymouth,  both  in  the 
natural  state  and  after  magnetic  separation. 

Jenkinson,  S.  H.  The  Manufacture  of  Iron  and  Steel  in  New  Zealand.  Trans. 
N.Z.  Inst.,  vol.  48,  pp.  508-13,  1916. 

An  account  of  the  main  sources  of  iron-ore  in  New  Zealand,  with  estimates  of 
the  cost  of  production  of  pig  iron  from  Parapara  ore  and  Taranaki  ironsand. 

Lucas,  A.  H.  S.  An  Efflorescence  on  some  New  Zealand  Kelps.  Proc.  Linn.  Soc. 
N.S.W.,  vol.  41,  pp.  676-79,  1917. 

MECHANICS  AND  ENGINEERING. 

Birks,  L.,  and  Webb,  Eric.  Investigation  into  the  Resistance  of  Earth  Connec¬ 
tions.  Trans.  N.Z.  Inst.,  vol.  48,  pp.  464-81,  1916. 

An  account  of  experiments  made  upon  the  resistance  of  earth  connections 
to  the  Lake  Coleridge  transmission-lines. 

Parry,  E.  Permissible  Sag.  Pp.  12,  roy.  8vo,  Public  Works  Dept.,  Wellington, 
N.Z.,  1915. 

Table  and  formulae  correlating  the  dip,  span,  and  temperature  of  bare,  triple- 
braided,  and  rubber-insulated  coyiper  and  aluminium  cables,  within  the  usual  range 
of  span  and  temperature. 

Parry,  E.  Resistance  to  the  Flow  of  Fluids  through  Pipes.  Trans.  N.Z.  Inst., 
vol.  48,  pp.  481-89,  1916. 

An  analysis  of  the  resistance  offered  by  rough  pipes  to  the  flow  of  fluids  through 
them  in  terms  of  the  diameter  of  the  pipes,  the  velocity  and  kinematic  viscosity 
of  the  fluid,  based  on  the  theory  of  fluid  friction  and  Stanton’s  experiments. 

Wilson,  W.  Hydro-electric  Power  in  New  Zealand.  Jour.  Inst.  Elect.  Eng.,  vol.  54, 
pp.  275-91,  1916. 

An  account  of  the  water-power  sources  of  New  Zealand,  with  particulars  of 
the  developments  already  carried  out. 

BOTANY  AND  PALAEOBOTANY. 

Aston,  B.  C.  The  Botany  of  Tapu-ae-nuku,  New  Zealand.  Roy.  Bot.  Gardens  Kew, 
Bull,  of  Mis.  Inform.,  No.  7,  pp.  182-84,  1916. 

Aston,  B.  C.  The  Vegetation  of  the  Tarawera  Mountains,  New  Zealand.  Journ. 
Ecol.,  vol.  4,  pp.  18-26,  pis.  iii-v,  1916. 

Cockayne,  L.  A  Montane  Rain-forest.  (Review  of  F.  Shreve.  A  Montane  Rain¬ 
forest  :  a  Contribution  to  the  Physiological  Plant  Geography  of  Jamaica.  Carnegie 
Inst.,  Wash.  Publ.,  1914.)  Plant  World,  vol.  18,  pp.  168-70,  1915. 

The  resemblances  and  differences  between  Jamaican  montane  rain-forest  and 
ordinary  New  Zealand  rain-forest  are  briefly  discussed. 

Chamberlain,  C.  J.  Prothallia  and  Sporelings  of  Three  New  Zealand  Species  of 
Lycopodium.  Bot.  Gaz.,  vol.  63,  pp.  51-65,  1917. 

A  short  account  of  the  prothalli  of  Lycopodium  laterale ,  L.  scariosum,  and 
L.  volubile,  and  of  the  stele  in  the  sporeling  of  the  two  last-named  species. 

Gwynne-Vaughan,  D.  T.  Observations  on  the  Anatomy  of  the  Leaf  in  the  Osmund- 
aceae.  Annals  of  Botany,  vol.  31,  pp.  487-93,  1916. 

Amongst  other  species,  the  New  Zealand  Todaea  barbam,  T.  superba,  and 
T.  hymenophylloides  are  dealt  with. 

Gwynne-Vaughan,  D.  T.  On  some  Climbing  Davallias  and  the  Petiole  of  Lygodium. 

Annals  of  Botany,  vol.  31,  pp.  495-507,  1916. 

Although  the  New  Zealand  Lygodium  acticulatum  was  not  investigated,  the 
paper  cannot  be  neglected  by  New  Zealand  botanists. 
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Hauri,  H.  Anatomische  Untersuchungen  an  Polsterpflanzen  nebst  morphologischen 
und  dkologischen  Notizen.  Beihefte  zum  Bot.  Centralblatt,  Bd.  33,  pp.  275-93, 
1916. 

An  abstract  of  this  noteworthy  paper  is  given  by  L.  Cockayne  in  Trans.  N.Z. 
Inst.,  vol.  49,  1917,  pp.  44-45. 

Oliver,  W.  R.  B.  The  Vegetation  of  White  Island,  New  Zealand.  Journ.  Linn.  Soc. 
Bot.,  vol.  43,  pp.  41-47,  pi.  ii,  1914. 

Seward,  A.  C.  Antarctic  Fossil  Plants.  British  Antarctic  (“Terra  Nova”)  Exped., 
1910,  Nat.  Hist.  Rept.,  Geology,  vol.  1,  No.  1,  pp.  1-49,  1914. 

A  section,  pp.  38-39,  is  devoted  to  the  question  of  the  occurrence  of  Glossopteris 
in  New  Zealand. 

Skottsberg,  C.  Notes  on  the  Relations  between  the  Floras  of  Subantaretic  America 
and  New  Zealand.  Plant  World,  vol.  18,  pp.  129-42,  1915. 

An  extremely  important  paper  by  the  foremost  investigator  of  subantaretic 
plant  geography.  A  full  and  critical  list  is  given  of  all  the  species  of  seed-plants 
common  to  subantaretic  America  and  New  Zealand.  The  author  attributes  the 
presence  of  identical  species,  &c.,  in  the  two  areas  in  part  to  former  land-connec¬ 
tions  or  land-extensions  and  in  part  perhaps  to  trans-oceanic  migrations.  Also, 
many  species  would  become  extinct  during  the  Ice  Age. 

Willis,  J.  C.  The  Distribution  of  Species  in  New  Zealand.  Annals  of  Botany, 
vol.  30,  pp.  437-57,  1916. 

This  paper  is  an  attempt  to  bring  forth  evidence  from  the  distribution  of  the 
species  of  Angiosperms  in  New  Zealand  in  support  of  the  author’s  theory  that  the 
endemic  species  of  a  flora  are  as  a  whole  younger  and  rarer  than  the  non-endemic 
species,  and  that  natural  selection  is  not  responsible  for  the  actual  distribution 
of  species. 

Wycoff,  E.  Bibliography  relating  to  the  Flora  of  Oceanica.  Bibliographical  Con¬ 
tributions  from  the  Lloyd  Library,  Cincinnati,  Ohio,  No.  12,  pp.  469-90,  1913. 

ZOOLOGY  AND  PALAEOZOOLOGY. 

British  Museum,  Natural  History.  British  Antarctic  (f‘  Terra  Nova  ”)  Exped.,  1910  : 
Nat.  Hist.  Report — Zoology. 

Baylis,  H.  A.  Nemertinea.  Vol.  2,  No.  5,  pp.  113-14,  1915. 

Three  species  are  recorded  from  the  New  Zealand  area. 

Leiper,  R.  T.,  and  Atkinson,  C.  L.  Parasitic  Worms.  Vol.  2,  No.  3, 
pp.  19-60. 

Lillie,  D.  G.  Cetacea.  Vol.  1,  No.  3,  pp.  85-124,  1915. 

A  large  proportion  of  the  whales  described  were  seen  in  New  Zea¬ 
land  waters. 

Regan,  C.  T.  Fishes.  Vol.  1,  No.  1,  pp.  1-54,  1914. 

Fishes  from  New  Zealand,  pp.  13-21  ;  the  Antarctic  Continent  during 
Tertiary  period,  pp.  40-45. 

Regan,  C.  T.  Larval  and  Post-larval  Fishes.  Vol.  1,  No.  4,  pp.  125-56. 

P.  134,  a  list  of  eighteen  species  obtained  from  the  north  of  New 
Zealand  and  round  the  Three  Kings  Island ;  one  of  these,  Lampanyctus 
longipinnis,  is  described  as  a  new  species. 

Smith,  E.  A.  Mollusca.  Vol.  11,  No.  4,  pp.  61-112,  1915. 

New  Zealand,  pp.  78-91. 

Borradaile,  L.  A.  Barnacles  from  the  Hull  of  the  (“  Terra  Nova  ”) :  A  Note. 

Ann.  &  Mag.  Nat.  Hist.,  ser.  8,  vol.  19,  pp.  229-30,  1917. 

Chilton,  C.  A  New  Species  of  the  Amphipodan  Genus  Hyale  from  New  Zealand. 

Ann.  &  Mag.  Nat.  Hist.,  ser.  8,  vol.  17,  pp.  362-66,  1916. 

H.  grenfelli  n.  sp.  from  Cuvier  Island. 

Chilton,  C.  Parapherusa  crassipes  (Haswell),  an  Amphipod  of  Australasian  Seas. 

Ann.  &  Mag.  Nat.  Hist.,  ser.  8,  vol.  18,  pp.  199-207,  1916. 

Chilton,  C.  The  Gribble  (Limnoria  lignum  Rathke)  attacking  a  Submarine  Cable  in 
New  Zealand.  Ann.  &  Mag.  Nat.  Hist.,  ser.  8,  vol.  18,  p.  208,  1916. 

Chilton,  C.  Further  Notes  on  the  New  Zealand  Amphipod  Hyale  grenfelli  Chilton. 

Ann.  &  Mag.  Nat.  Hist.,  ser.  8,  vol.  19,  pp.  273-76,  1917. 

Chilton,  C.  A  New  Tuberculate  Terrestrial  Isopod  from  New  Zealand.  Ann.  &  Mag. 
Nat.  Hist.,  ser.  8,  vol.  19,  pp.  327-29,  1917. 

Cubans  milleri  n.  sp.  from  Levin. 
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Chilton,  C.  Notes  on  the  Distribution  of  the  Amphipods,  Elasmopus  rapax  A.  Costa, 
and  Maera  inaequipes  (A.  Costa).  Journ.  Zool.  Res.,  vol.  2,  pp.  17-19,  1917. 

Regan,  C.  T.  The  British  Fishes  of  the  Subfamily  Clupeinae  and  Related  Species  in 
other  Seas.  Ann.  &  Mag.  Nat.  Hist.,  ser.  8,  vol.  18,  pp.  1-19,  1916. 

Clupea  holodon  n.  sp.  from  Stewart  Island,  described  from  a  specimen  presented 
to  the  British  Museum  by  C.  Traill  in  1889.  Sardina  neopilchardus  (Steind.) 
from  Wellington,  figured  in  pi.  i,  fig.  2. 

Regan,  C.  T.  The  Fishes  of  the  Genus  Clupea.  Ann.  &  Mag.  Nat.  Hist.,  ser.  8, 
vol.  19,  pp.  226-29,  1917. 

Clupea  holodon  Regan  is  considered  a  synonym  of  C.  antipodum  Hector,  and 
fishes  received  from  the  Canterbury  and  Otago  Museums  as  C.  antipodum  are 
referred  to  C.  muelleri  Klunz. 

Thomson,  J.  A.  Braehiopod  Morphology  :  Types  of  Folding  in  the  Terebratulaeea. 

Geol.  Mag.,  dec.  6,  vol.  2,  pp.  71-76,  1915. 

Thomson,  J.  A.  The  Genera  of  Recent  and  Tertiary  Rhyneonellids.  Geol.  Mag., 
dec.  6,  vol.  2,  pp.  387-92,  1915. 

Thomson,  J.  A.  A  New  Genus  and  Species  of  the  Thecidiinae.  Geol.  Mag.,  dec.  6, 
vol.  2,  pp.  461-64,  1915. 

Thomson,  J.  A.  The  Classification  of  the  Terebratellidae.  Geol.  Mag.,  dec.  6,  vol.  3, 
pp.  496-505,  1916. 

Waite,  E.  R.  A  List  of  the  Fishes  of  Norfolk  Island,  and  Indication  of  their  Range 
to  Lord  Howe  Island,  Kermadec  Islands,  Australia,  and  New  Zealand.  Trans. 
Roy.  Soc.  S.  Austral.,  vol.  40,  pp.  452-58,  1916. 

GEOGRAPHY  AND  GEOLOGY. 

Cotton,  C.  A.  Fault  Coasts  in  New  Zealand.  Geogr.  Rev.,  vol.  1,  pp.  20-47,  with 
22  figs.,  1916. 

Cotton,  C.  A.  The  Structure  and  Later  Geological  History  of  New  Zealand.  Geol. 
Mag.,  dec.  6,  vol.  3,  pp.  343-49,  314-20,  with  2  figs.,  1916. 

Cotton,  C.  A.  Block  Mountains  in  New  Zealand.  Am.  Journ.  Sci.,  vol.  44,  pp.  249-93, 
with  26  figs.,  1917. 

Henderson,  J.  The  Geology  and  Mineral  Resources  of  the  Reefton  Subdivision. 

Bull.  N.Z.  Geol.  Surv.  (n.s.),  No.  18,  pp.  viii,  232,  with  9  plates  and  22  maps  and 
plans,  1917. 

Trechmann,  C.  T.  The  Age  of  the  Maitai  Series  of  New  Zealand.  Geol.  Mag.,  dec.  6, 
vol.  4,  pp.  53-64,  pis.  iv-v,  1917. 

Trechmann,  C.  T.  The  Glacial  Controversy  in  New  Zealand.  Geol.  Mag.,  dec.  6, 
vol.  4,  pp.  241-45,  1917. 


ETHNOGRAPHY. 

Balfour,  H.  Origin  and  Relationship  of  Hani,  Tewha-tewha,  and  Pouwhenua. 

Man,  vol.  16,  p.  181,  1916. 

Best,  E.  Notes  on  a  Peculiar  Game  resembling  Draughts  played  by  the  Maori  Folk  of 
New  Zealand.  Man,  vol.  17,  pp.  14-15,  1917. 

Best,  E.  Maori  Storehouses  and  Kindred  Structures,  Houses,  Platforms,  and  Pits  used 
for  storing  Food,  &c.  Bull.  Bom.  Mus.,  No.  5,  pp.  viii,  107,  with  50  figs.,  1917. 

Skinner,  H.  D.  Maori  Necklace  and  Pendants  of  Human  and  Imitation  Teeth. 

Man,  vol.  16,  pp.  129-30,  1916. 

Skinner,  H.  D.  Origin  and  Relationship  of  Hani,  Tewha-tewha,  and  Pouwhenua. 

Man,  vol.  16,  pp.  161-64  and  181,  1916. 

Skinner,  H.  E>.  Evolution  in  Maori  Art.  Journ.  Roy.  Anthrop.  Inst.,  vol.  46, 
pp.  184-96,  pi.  x,  1916. 

Skinner,  H.  D.  Evolution  in  Maori  Art.  —  II.  Pendants.  Journ.  Roy.  Anthrop. 
Inst.,  vol.  46,  pp.  309-21,  1916. 

AGRICULTURE. 

Wild,  L.  J.  On  Some  Soils  of  the  South  Island  of  New  Zealand,  with  Special  Reference 
to  their  Lime  Requirements.  Journ.  Agric.  Sci.,  vol.  8,  pp.  154-77,  1917. 
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SCIENTIFIC  PUBLICATIONS — continued. 


GEOLOGICAL  SURVEY  OF  NEW  ZEALAND.  Reports  for  1879-80,  1881,  1882, 
1887-88,  1888-89,  1890-91,  and  1892-93.  Royal  8vo.  2s.  6d.  each.  Later  reports 
are  contained  in  Mining  Reports  each  year. 

GEOLOGY  OF  NEW  ZEALAND4  By  P.  Marshall,  D.Sc.,  &c.  Demy  8vo.  Cloth 
boards,  4s. 

GEOLOGY  OF  THE  SOUTH-WEST  PART  OF  NELSON  AND  THE  NORTHERN  PART 
OF  WESTLAND.  By  Alexander  McKay,  F.G.S.  1897.  Is. 

HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

HANDBOOK  ON  ORE-BEARING  MINERALS.  By  W.  F.  Worley.  6d. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman, 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

iNDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.R.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND.  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  10s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA/  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  I  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  thelTertiaryl  Mollusca^of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II.  By  Henry  Suter.  2s.  6d. 
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EDITORIAL.  V$  # 

The  Place  of  Science  in  Education*  - 


The  more  favourable  attitude  towards  science  created  by  the  war  has 
once  more  brought  the  position  of  science  in  education  into  the  foreground 
of  educational  problems.  Thus  the  committee  of  the  Auckland  Institute, 
which  published  a  report  in  1916  on  “  The  Co-ordination  of  Science  and 
Industry,”  made  the  following  recommendations  : — 

“  The  essential  condition  for  an  adequate  application  of  scientific 
methods  to  industry  is  a  wider  dissemination  of  the  scientific  spirit 
throughout  the  community,  to  be  brought  about  by  the  extension  and 
modification  of  the  teaching  of  science  in  school  and  University.  Among 
the  means  which  should  be  adopted  to  secure  this  end  are  the  following  : — 

“  1.  More  time  should  be  given  to  the  teaching  of  science  in 
schools. 

“2.  More  stress  should  be  laid  on  the  teaching  of  scientific 
method. 

“3.  Some  branch  of  science  which  teaches  experimental  scientific 
method  should  be  included  in  the  subjects  taken  for  any 
examination,  including  those  of  the  liberal  professions, 
whose  prestige  entitles  the  successful  candidate  to  be 
considered  an  educated  person. 

“  4.  Greater  prominence  should  be  given  to  science  in  the 
Entrance  Examinations  of  the  University  of  New  Zealand. 
Thus  (a)  more  than  one  subject  in  science  should  be  allowed 
in  the  Matriculation  Examination  ;  ( b )  the  marks  given  for 
science  subjects  in  the  Junior  Scholarship  Examination 
should  be  raised. 

“  5.  The  popularization  of  the  certificates  given  by  the  University 
of  New  Zealand  for  proficiency  in  various  scientific  subjects. 

“6.  State  aid  should  be  available  for  the  systematic  develop¬ 
ment  of  popular  courses  of  lectures  in  scientific  subjects.” 


5 — Science. 
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While  expressing  no  opinion  on  these  or  other  specific  proposals,  we 
consider  it  useful  to  set  forth  some  general  considerations  on  the  subject. 
The  secondary  place  given  to  science  in  British  education  appears  to  be 
due  to  a  fear  on  the  part  of  those  trained  in  literary  and  philosophical 
subjects  that  the  study  of  science  has  in  itself  no  educational  value,  and 
leads  to  mechanistic  theories  of  life  and  to  materialism,  and  is  thus  unfitted 
to  be  a  means  of  training  in  character  and  citizenship.  It  has  even  been 
claimed  that  the  devotion  of  the  Germans  to  science  is  the  prime  cause  of 
their  national  retrogression  in  morals.  It  becomes  of  importance,  therefore, 
to  present  the  opposite  side.  This  has  been  well  expressed  in  a  leading 
article  in  Nature  (21st  December,  1915),  as  follows  : — - 

“  Devotion  to  research  does  not  necessarily  inhibit  interest  in  other 
notes  with  which  a  well-balanced  mind  should  be  in  resonance.  Direct 
contact  with  Nature  and  inquiry  into  her  laws  do,  however,  produce  a 
habit  of  mind  which  cannot  be  acquired  in  literary  fields,  and  they  are 
associated  with  a  wide  outlook  on  life  more  often  than  is  popularly 
supposed.  Science  is  able  not  only  to  increase  the  comforts  of  life  and 
add  to  material  welfare,  but  also  to  inspire  the  highest  ethical  thought 
and  action  ;  and  a  prominent  place  should  be  given  to  it  in  all  stages  of 
educational  work  as  much  on  account  of  its  ennobling  influence  as  because 
it  is  a  creator  of  riches.” 

The  ideas  contained  in  the  above  extract  are  not  new,  but  were  clearly 
enunciated  after  a  closely  reasoned  argument  by  Professor  Karl  Pearson 
in  1900.*  He  concludes  that  “  modern  science,  as  training  the  mind  to 
an  exact  and  impartial  analysis  of  facts,  is  an  education  especially  fitted 
to  promote  sound  citizenship.  .  .  .  It  is  because  the  so-called  philo¬ 

sophical  method  does  not,  when  different  individuals  approach  the  same 
range  of  facts,  lead,  like  the  scientific,  to  practical  unanimity  of  judg¬ 
ment  that  science  rather  than  philosophy  offers  the  better  training  for 
modern  citizenship  ”  ;  and,  further,  that  “  the  scientific  interpretation  of 
phenomena,  the  scientific  account  of  the  universe,  is  the  only  one  which 
can  permanently  satisfy  the  aesthetic  judgment,  for  it  is  the  only  one  which 
can  never  be  entirely  contradicted  by  our  observation  and  experience.” 


An  interesting  and  beautifully  illustrated  article  on  “  The  Eskimos  of 
Northern  Alaska  :  a  Study  in  the  Effect  of  Civilization,”  by  Diamond 
Jenness,  appears  in  the  February  (1918)  number  of  the  Geographical 
Review,  published  by  the  American  Geographical  Society  of  New  York. 
Dr.  Jenness,  who  is  a  native  of  Wellington  and  a  graduate  of  Victoria 
College  and  Oxford  University,  was  ethnologist  to  the  Southern  Party  of 
the  Canadian  Arctic  Expedition  of  1913-16.  During  this  period  he  was 
able  to  make  an  intimate  study  of  the  life  of  the  Eskimos  living  in  the 
region  visited  by  the  expedition  The  paper  here  referred  to  is  the 
second  of  two  in  the.  Geographical  Revieiv  dealing  with  the  two  separate 
groups  into  which  they  fall  :  the  Copper  Eskimos  of  the  Coronation  Gulf 
region,  and  the  Eskimos  of  Northern  Alaska. 


*  K.  Pearson,  The  Grammar  of  Science,  London,  1900. 
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THE  FOOD  OF  BRITISH  WILD  BIRDS.* 

By  Walter  E.  Collinge. 

[The  control  of  the  acclimatized  British  and  other  birds  in  New  Zealand 
can  hardly  be  said  to  be  based  on  accurate  knowledge  of  the  habits  of 
the  birds.  Economic  ornithology  of  the  kind  described  in  this  article  is 
certainly  one  of  the  forms  of  research  that  should  receive  serious  consider¬ 
ation  from  any  body  set  up  to  organize  scientific  and  industrial  research. 
The  article  suggests  also  the  advisability  of  acclimatizing  more  of  the 
purely  insectivorous  birds. — Ed.] 

Scientific  investigations  concerning  the  economic  importance  of  our 
British  wild  birds  are  of  comparatively  recent  date,  so  that  at  present  the 
sum  total  of  our  knowledge  is  only  limited.  To  arrive  at  the  precise 
economic  value  of  each  of  our  commoner  species  is  a  task  of  no  mean 
magnitude,  and  yet  it  is  slowly  but  surely  being  forced  upon  the  minds 
of  all  thinking  people  who  are  concerned  with  the  produce  of  the  land 
and  of  our  fisheries  that  such  work  is  more  and  more  becoming  a  necessity, 
and  one  also  fraught  with  great  possibilities.  So  clearly  has  this  been 
recognized  by  other  countries  that  special  State  officers  devote  the  whole 
of  their  time  to  the  elucidation  of  the  various  problems  in  connection  with 
economic  ornithology.  If  a  particular  species  confers  greater  benefits  than 
injuries,  and  we  are  not  affording  it  all  the  protection  possible,  we  are 
pursuing  a  down-grade  and  very  dangerous  course,  which  cannot  fail  but 
produce  direct  injury  to  the  State. 

The  subject  is  a  complex  one,  approachable  from  many  sides,  and  any 
investigations  to  be  of  real  value  must  entail  a  large  amount  of  careful 
and  detailed  work  extending  over  some  considerable  period  of  time.  The 
mere  cataloguing  of  the  crop  or  stomach  contents  of  a  limited  number  of 
specimens  of  any  species  obtained  at  a  particular  period  from  one  locality 
is  really  of  very  little  value.  As  the  writer  has  elsewhere  stated, f  “  In 
order  to  arrive  at  a  proper  understanding  of  the  food  of  any  particular 
species  it  is  necessary  to  examine  the  food  contents  found  in  the  intestinal 
tract  during  the  different  seasons  of  the  year  and  from  various  districts. 
Further,  careful  observations  must  be  made  in  the  field,  and  of  the  nature 
of  the  food  brought  to  the  nest  by  the  parents  during  the  breeding  season, 
and  also  of  the  faecal  contents  extruded  from  the  nest.’ 5 

We  know  now  that  many  of  the  earlier  records  are  either  only  partially 
correct  or  will  scarcely  bear  the  interpretation  put  upon  them  by  their 
respective  authors,  for  two  most  important  factors  have  been  overlooked 
— viz.,  the  rate  of  digestion,  and  the  intestinal  food  contents  found  beyond 
the  region  of  the  gizzard.  The  rate  of  digestion,  according  to  experiments 
at  present  in  hand,  would  seem  to  vary  in  different  groups  of  birds.  As 
yet  but  little  work  has  been  done  in  this  interesting  field,  a  more  accurate 
knowledge  of  which  must  largely  alter  our  ideas  of  the  various  statistical 
tables  which  have  been  given  for  different  species. 

Under  certain  conditions — e.g .,  during  dry  summers J — a  much  larger 
percentage  of  weed-seeds  pass  through  the  intestinal  canal  uninjured,  due 
to  the  fact  that  under  such  climatic  conditions  a  much  smaller  percentage 

*Part  of  an  article  published  in  Nature,  7th  January,  1915,  pp.  509-12,  and  reprinted 
by  permission  of  the  author  and  publishers. 

f  The  Food  of  Some  British  Wild  Birds,  1913,  p.  7. 

%Journ.  Econ.  Biology,  vol.  60,  1914,  p.  69. 
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of  grit  and  soil  is  taken  into  the  intestinal  canal.  Thus  observations  made 
upon  the  grit  and  soil  contents  in  the  gizzards  of  thirty-six  rooks  during 
the  dry  summer  of  1911  (June  to  September)  showed  that  the  average 
content  was  108  grains,  of  which  not  more  than  one-sizth  was  grit,  whereas 
in  the  same  number  of  birds  examined  during  the  wet  summer  of  1912 
the  average  amount  was  214  grains,  of  which  nearly  one-third  was  grit. 
Similar  investigations  carried  out  on  the  starling  and  house-sparrow  gave 
an  average  in  1911  of  42  and  27 J  grains  respectively,  as  against  68  and 
53  grains  in  1912. 

In  the  past  it  has  been  all  too  readily  assumed  that  those  species  that 
feed  upon  insects  and  upon  weed-seeds  must  be  beneficial.  We  now  know 
that  no  hard-and-fast  line  can  be  drawn  :  much  careful  and  extended  work 
is  necessary  on  each  individual  species  before  it  can  be  definitely  stated 
that  a  species  is  injurious  or  beneficial. 

To  the  farmer  and  fruitgrower  such  information  is  of  the  greatest 
import,  for  at  the  present  moment  they  suffer  enormous  annual  losses 
due  to  certain  species  of  birds. 

Of  the  majority  of  species  of  British  wild  birds  it  is  generally  agreed 
that  they  are  beneficial ;  of  the  remainder  the  present  writer  has  elsewhere 
stated  that  “  Many  species  which  are  injurious  at  one  season  of  the  year 
are  distinctly  beneficial  for  the  remainder.  Again,  many  birds  that  are 
beneficial  may,  if  allowed  unduly  to  increase,  become  equally  injurious. 
In  other  cases  the  partial  failure  of  their  natural  food-supply,  or  other 
causes,  may  lead  to  a  change  in  their  food  habits  ;  in  a  like  manner  the 
alteration  or  removal  of  their  natural  environment  may  lead  to  equally 
disastrous  results.” 

Although  in  some  districts  farmers  and  others  are  loud  in  their  com¬ 
plaints  of  the  injuries  inflicted,  any  policy  of  wholesale  destruction  would, 
we  believe,  be  equally  disastrous.  In  nearly  all  cases  “  the  misdeeds  of 
birds  are  much  more  manifest  than  the  benefits  they  confer  upon  us.” 

With  the  exception  of  doves  and  pigeons,  practically  all  birds  feed 
their  young  upon  an  animal  diet,  whatever  the  nature  of  the  food  of  the 
adult  may  be,  and  the  bulk  of  the  food  consists  of  insects.  These  are 
destroyed  just  when  they  are  capable  of  inflicting  the  greatest  possible 
harm  upon  our  crops  and  orchards.  Further,  during  the  nestling  season 
the  young  birds  require  an  enormous  amount  of  food  ;  feeding  commences 
before  sunrise  and  continues  after  sunset.  The  starling  is  known  to  pay 
nearly  two  hundred  visits  to  the  nest  a  day,  and  in  the  case  of  the  house- 
sparrow  between  220  and  260  visits  daily  have  been  counted.  In  any 
attempt,  therefore,  to  estimate  the  value  or  economic  status  of  a  species 
the  nature  of  the  food  of  the  nestlings  must  be  taken  into  consideration. 

A  careful  investigation  extending  over  a  period  of  ten  years,  entailing 
an  examination  of  the  stomach-contents  of  upwards  of  four  thousand  adult 
birds  and  six  thousand  nestlings,  and  numerous  observations  in  the  field 
laboratory,  shows  that  we  can  classify  the  commoner  species  under  five 
headings,  viz.  : — 7 

1.  Distinctly  injurious  :  House-sparrow,  bullfinch,  sparrow-hawk, 

wood-pigeon,  and  stock-dove. 

2.  Too  plentiful,  and  consequently  injurious  :  Missel-thrush,  black¬ 

bird,  greenfinch,  chaffinch,  starling,  and  rook. 

3.  Injurious,  but  not  plentiful :  Blackcap. 

4.  Neutral  :  Jay. 

5.  Beneficial :  Song-thrush,  fieldfare,  white-throat,  great  tit,  blue 

tit,  wren,  goldfinch,  linnet,  yellow  bunting,  magpie,  jackdaw, 

skylark,  barn-owl,  brown  owl,  kestrel,  and  plover. 
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The  so-called  “  avian  rat,”  the  ubiquitous  house-sparrow,  has  pro¬ 
bably  received  more  attention  from  naturalists  than  any  other  wild 
bird,  but  in  spite  of  all  the  deprecatory  language  that  has  been  applied 
to  it  this  bird  has  its  redeeming  features.  It  has  been  allowed  to 
increase  to  such  an  extent  that  it  has  become  one  of  the  worst  bird  pests 
we  have. 

In  the  writer’s  investigations  upon  this  species,  commenced  in  the  early 
part  of  1910  and  completed  in  May,  1914,  404  adult  birds  were  examined 
and  329  nestlings.  Of  the  former,  207  were  shot  in  or  near  orchards, 
138  in  agricultural  districts,  and  59  in  suburban  districts.  The  stomach- 
contents  of  the  birds  from  the  fruitgrowing  districts  showed  that  the  bulk 
of  the  food  consisted  of  the  caterpillars  of  injurious  insects  and  weed-seeds  ; 
in  only  twenty-three  cases  were  the  remains  of  blossom-buds  discovered, 
and  in  twenty-seven  cases  wheat-grains.  There  is  only  one  conclusion  that 
we  can  come  to  as  regards  this  record — viz.,  that  this  much-maligned 
bird  is  distinctly  beneficial  in  such  districts.  Unfortunately,  when  we 
examine  the  record  of  138  specimens  from  agricultural  districts  we  find  a 
very  different  result.  Remains  of  insects  occurred  on  only  twelve  occasions, 
whereas  wheat-grains  were  found  on  115,  and  the  remains  of  other  grains 
forty-three  times.  The  fifty-nine  specimens  from  suburban  districts  showed 
a  very  mixed  diet.  The  stomach-contents  of  the  329  nestlings  consisted 
almost  entirely  of  insect-remains.* 

From  the  above  somewhat  exhaustive  record  it  would  seem  clear  that 
in  all  agricultural  districts  sparrows  should  be  given  no  quarter,  whilst  in 
fruitgrowing  districts  and  towns  they  are  far  too  plentiful. 

It  frequently  happens  that  when  a  particular  species  of  bird  becomes 
too  plentiful  it  changes  its  food  habits,  and  this  to  a  large  extent  is  what 
has  happened  in  the  case  of  the  birds  scheduled  under  this  heading.  The 
missel-thrush  and  blackbird  have  increased  enormously  in  recent  years,  and 
both  have  become  serious  pests  to  fruitgrowers.  The  damage  occasioned 
by  the  greenfinch  and  chaffinch  is  chiefly  to  newly-sown  seed  and  sprouting 
corn  :  both  species  are  too  numerous.  Each  year  we  hear  more  of  the 
damage  done  by  the  starling  and  the  rook.  During  the  past  ten  or 
twelve  years  the  former  species  has  greatly  increased,  such  increase  being 
largely  due  to  migration  and  to  the  protection  afforded  wild  birds  gene¬ 
rally.  At  present  it  commits  a  large  amount  of  damage,  but  if  it  were 
considerably  reduced  in  numbers  it  would  prove,  as  in  the  past,  a  most 
useful  bird. 

There  is  no  longer  any  doubt  as  to  the  great  value  of  the  barn-owl 
and  the  brown  or  tawny  owl  to  the  agriculturist,  and  yet  they  are 
destroyed  wholesale  by  gamekeepers  and  others.  Or  take  the  case  of 
the  plover  :  it  would  be  difficult  to  exaggerate  the  value  of  this  bird  to 
the  farmer  —  the  good  it  does  cannot  be  overestimated ;  and  yet  the 
farmers  of  this  country  are  annually  watching  its  gradual  reduction  with 
indifference. 

Many  species  of  birds  that  otherwise  are  beneficial  are  active  agents 
in  the  dispersal  of  weed-seeds.  In  some  species  the  seeds  are  ground 
up  in  their  muscular  gizzards,  but  in  others  this  action  is  so  slight  that 
many  of  the  seeds  pass  through  the  body  uninjured.  Thus  such  birds 
as  the  blackbird,  thrush,  house-sparrow,  bullfinch,  and  greenfinch  are 
now  known  to  be  great  distributors  of  weed-seeds,  and  such  must 
be  taken  into  consideration  in  any  attempt  rightly  to  fix  their  economic 
status. 


*  Journ.  Board  Agric.,  vol.  21,  1914,  pp.  618-23. 
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THE  IMPORTANCE  OF  PLANT  ECOLOGY  WITH 
REGARD  TO  AGRICULTURE. 

By  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S. 

That  agriculture,  if  it  is  to  improve,  must  take  full  advantage  of  the 
methods  and  discoveries  of  those  branches  of  modern  botany  which 
specially  affect  it  hardly  needs  asserting.  The  yield  of  meat  or  butter- 
fat  per  acre  is  primarily  a  matter  of  the  plant-covering  of  the  farm.  The 
scientific  names  of  grasses,  clovers,  and  other  agricultural  forage  plants 
have  for  a  long  time  been  in  the  possession  of  agriculture.  Also,  by  means 
of  selection,  hybridization,  and  other  methods,  forms  of  well-known 
economic  plants  have  been  made  by  the  plant-breeder,  purposely  or  by 
accident,  possessing  increased  agricultural  value.  But  when  it  comes  to 
a  knowledge  of  the  actual  requirements  of  each  plant  with  regard  to  light, 
heat,  moisture,  soil,  &c.,  in  order  to  attain  its  maximum  economic  develop¬ 
ment,  there  is  usually  nothing  definite  to  go  upon.  Even  in  a  matter  so 
fundamental  as  the  extent  to  which  quite  common  species  are  eaten  by 
stock  there  is  usually  no  exact  knowledge. 

The  farmer,  however,  is  not  alone  concerned  with  the  properties  and 
potentialities  of  the  different  plants,  bad  and  good,  of  his  farm.  To  him 
their  combinations  when  growing  side  by  side  are  of  the  utmost  interest. 
Hardly  ever  does  he  grow,  much  as  he  might  desire  to  do  so,  a  crop  of  one 
species  of  plant  alone.  His  crops,  be  they  grain,  or  root,  or  pasture,  are 
always  mixtures,  so  that  he  is  not  only  concerned  with  the  actual  require¬ 
ments  of  each  species,  but  with  the  behaviour  of  these  when  brought  into 
that  competition  with  one  another  which  is  largely  a  44  struggle  ”  for  food 
and  light. 

A  more  accurate  knowledge  than  is  at  present  available  regarding  the 
maximum  and  minimum  requirements  of  each  economic  plant,  and  its 
behaviour  when  growing  in  company  with  other  plants  and  animals,  would, 
if  properly  applied,  probably  improve  the  agricultural  yield  in  direct  pro¬ 
portion  to  such  increase  in  knowledge.  Such  scientific  research  is  not 
the  farmer’s  business,  although  he  might  well  be  expected  to  find  some 
part  of  the  means  towards  its  accomplishment ;  his  proper  work  is  to 
make  his  farm  yield  its  maximum  output,  using  the  most  approved 
methods,  but  with  due  regard  to  not  exhausting  the  soil.  Better  methods 
still,  as  yet  unknown,  there  must  be,  but  for  the  discovery  of  these  agri¬ 
culture  must  rely  upon  scientific  research,  which,  with  a  full  knowledge 
of  what  is  already  known  as  a  starting-point,  will  ultimately  provide  the 
methods  for  the  improved  farming  of  the  future. 

The  class  of  research,  mentioned  above,  which  deals  with  living  plants 
and  their  relation  to  their  surroundings,  and  which  gathers  its  data  from 
actual  observations  in  the  field,  is  the  newest  branch  of  botanical  science, 
and  has  received  the  name  “ecology.”*  Ecology  is  yet  in  its  infancy,  it 
is  true,  but  it  is  already  a  healthy  child,  loudly  making  known  its  wants 
and  giving  abundant  promise  of  rapid  growth  into  splendid  maturity. 

It  was  at  the  beginning  of  the  44  seventies  ”  of  the  last  century  that 
ecology,  as  we  now  know  it,  came  into  the  botanical  world,  with  its 
intensive  study  of  the  living  plant  not  merely  in  the  unnatural  conditions 
of  the  laboratory,  or  even  the  garden,  but  where  Nature  had  planted  it. 

*  In  this  article,  where  the  word  “  ecology  ”  is  used  without  any  qualifying  word  it 
means  only  plant  ecology,  though  properly  the  term  refers  to  animals  also. 
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At  first  the  new  cult  had  but  few  adherents,  nor  was  it  welcomed  by  the 
older  workers,  who  looked  at  it  askance  ;  but  by  degrees  it  has  risen  in 
importance  so  that  it  now  takes  a  recognized  place  in  text-books ;  it 
appears  in  the  examination  questions  of  universities  ;  and  there  are  even 
ecological  societies  in  Great  Britain  and  the  United  States,  and  a  Journal 
of  Ecology. 

New  Zealand,  too,  has  played  her  part  in  the  new  development,  and 
possibly  possesses  more  workers  in  the  science  in  proportion  to  her 
population  than  any  other  country.  This  is  not  to  be  wondered  at,  since 
the  scope  in  all  directions  for  ecological  research  offered  by  New  Zealand 
is  exceedingly  wide. 

It  has  already  been  shown  that  the  ecology  of  a  particular  plant  may 
be  studied  or  that  of  combinations  of  plants.  In  the  former  case,  known 
as  “  autecology,”  the  full  life-history  of  the  plant  is  sought ;  its  organs, 
their  forms  in  relation  to  their  functions  are  studied,  and  also  its  powers 
of  variation  under  different  conditions.  “  Synecology,”  on  the  contrary, 
deals  with  the  natural  or  artificial  combinations  of  species — the  plant- 
communities.  Their  investigation  includes  as  thorough  a  study  of  the 
evironment  as  may  be  feasible,  embracing  also  the  effect  of  plant  upon 
plant  and  that  of  animal  on  plant  or  plant  on  animal. 

Now,  it  is  evident  that  whether  a  plant-community  be  truly  primitive, 
as  are  so  many  in  New  Zealand,  or  whether  it  has  been  created  in  part, 
or  wholly,  by  man’s  agency,  all  the  processes  taking  place  amongst  the 
plants  are  quite  natural.  Therefore  facts  based  upon  the  study  of  a  virgin 
vegetation  and  on  those  of  an  artificial  or  a  modified  vegetation  are  of 
equal  value,  the  same  laws  governing  both.  The  ecology  of  the  virgin  land 
is,  then,  the  ecology  of  the  farm,  except  that  on  the  latter  man  can  pur¬ 
posely  alter  the  conditions  to  which  the  plants  are  subject  in  order  to 
increase  their  economic  efficiency. 

In  New  Zealand,  too,  there  is  every  gradation  between  the  primitive 
vegetation  and  the  most  artificial,  so  that  there  is  hardly  any  ecological 
research,  however  non-utilitarian  it  may  seem,  which  is  not  dealing  either 
with  actual  or  potential  farm-lands.  Thus  few  non-economic  ecological 
studies  lack  entirely  the  economic  aspect. 

For  example,  several  papers*  have  been  published  dealing  with  the 
evolution  of  the  plant-covering  of  a  shingly  river-bed.  These  studies  have 
apparently  no  economic  bearing,  and  yet  they  show  the  manner  in  which 
Nature  transforms  a  stony  waste  into  tussock-clad  plain — i.e.,  into  “  sheep- 
country.”  It  also  demonstrates  how,  under  different  conditions,  certain 
grasses  of  more  or  less  economic  value  increase  or  decrease,  and  how 
various  non-economic  herbs  do  likewise.  Finally,  this  same  study  shows 
not  merely  what  species  survive  or  vanish,  but  it  tells  what  special 
plant-forms  are  an  advantage  or  disadvantage,  as  the  conditions  change, 
and  how  one  particular  fcrm,  the  cushion-form,  by  its  making  first  an 
admirable  seed-bed,  and  then,  on  its  death,  adding  humus  to  the  soil, 
greatly  facilitates  the  settlement  of  various  grasses,  &c. 

It  would  be  a  comparatively  easy  matter  to  continue  in  a  purely 
economic  direction  such  a  research  as  that  just  outlined,  using  as  a  starting- 
point  the  facts  already  gained.  For  instance,  it  is  possible  to  find  out, 
more  or  less  accurately,  the  wool-producing  capacity  of  this  ultimate  grass¬ 
land,  together  with  what  sets  bounds  to  that  capacity  and  what  means 


*  L.  Cockayne,  On  the  Peopling  by  Plants  of  the  Subalpine  River-bed  of  the 
Rakaia  (Southern  Alps  of  New  Zealand),  Trans.  &  Proc.  Bot.  Soc.  Edinburgh,  vol.  24, 
1911,  pp.  104-25;  C.  E.  Foweraker,  The  Mat-plants,  Cushion-plants,  and  Allied 
Forms  of  the  Cass  River-bed  (Eastern  Botanical  District*  New  Zealand),  Trans.  N.Z . 
Inst.,  vol.  49,  1917,  pp.  1-45. 
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should  be  taken  to  increase  such  capacity.  An  artificial  change  in  the 
usual  procession  of  events  might  readily  be  brought  about  which  would 
result  in  a  different  combination  of  members  in  the  ultimate  grassland, 
and  such  combination  might  be  of  greater  economic  (wool-producing)  value. 

The  study  of  sand-dunes  with  regard  to  their  agricultural  capabilities 
may  be  cited  as  a  further  simple  example  of  ecological  method  and  its 
economic  importance.  Here  empiricism  is  quite  out  of  place.  A  certain 
method  of  treatment  for  a  certain  sand  area  may  prove  efficacious  by  the 
method  of  “  Try  this,  or  that,  and  something  good  may  turn  up.”  But 
let  the  result  of  this  system  be  applied  to  another  dune  area  where  the  supply 
of  sand  is  rather  greater,  the  climate  rather  drier,  and  the  average  angle 
at  which  the  sea-wind  strikes  the  dunes  rather  less  oblique  :  the  method 
so  successful  elsewhere  fails  at  once.  But  attack  the  dune  problem  eco¬ 
logically  ;  study  accurately  the  tactics  of  sand  when  exposed  to  wind  ; 
study  also  its  physical  properties,  the  relation  of  the  natural  plant-covering 
of  various  types  of  dunes  to  moving  sand,  the  climate  of  the  area,  the 
evolution  of  the  vegetation  from  that  of  the  unstable  sandhills  to  those 
quite  fixed  by  vegetation,  and  so  on  ;  find  out  exactly  how  Nature  works 
under  the  many  conditions  that  dunes  offer  ;  note  exactly  the  plant-forms 
which  can  survive  different  degrees  of  sand-advance  :  then,  when  these 
preliminaries  are  fully  mastered,  with  some  degree  of  confidence  the  in¬ 
vestigator  can  attempt  the  “  reclamation  ”  of  a  dune  area,  and,  adding  to 
his  ecological  knowledge  by  further  observations  and  experiment,  is  finally 
in  a  position  to  draw  up  for  agriculture  those  rules  for  dune  culture  which 
alone  can  fully  succeed. 

The  teachings  of  ecology  as  they  accumulate  will  undoubtedly  be  a 
powerful  weapon  for  advance  in  agriculture.  In  Nature  the  plant  must 
perforce  bow  to  the  environment — except  some  change*  occurs,  its  position, 
high  or  low,  amongst  its  fellows  of  the  plant-community  must  remain 
unchanged.  Thus,  so  long  as  an  area  of  New  Zealand  mixed  forest  remains 
intact,  not  one  plant  of  the  bracken-fern  is  to  be  seen  amongst  its  ferny 
brethren  of  the  forest-floor.  A  high  tree  falls,  far  more  light  strikes  the 
ground  —  a  somewhat  drastic  change  —  and  within  a  brief  period  the 
bracken-fern  appears  together  with  other  plants  rare  or  wanting  in  the 
virgin  forest. 

Agriculture,  however,  does  not  depend  upon  the  slow  processes  of  nature. 
If  the  reactions  of  a  plant  to  the  outer  world  be  sufficiently  known,  it 
should  be  possible  to  so  change  the  conditions  of  its  environment  that  its 
frequency  in  an  association  could  be  so  increased  or  decreased  as  its  agri¬ 
cultural  value  may  suggest.  There  are  many  ways  of  bringing  this  about 
even  now,  but  usually,  from  want  of  sufficient  knowledge  as  to  the  plant’s 
capabilities,  or  the  structure  of  the  environment,  they  are  not  sufficiently 
precise.  Liming  the  ground,  applying  certain  fertilizers,  fallowing,  burning, 
understocking,  overstocking — these  and  many  more  are  means  to  the  end 
in  view,  but  want  of  exact  knowledge  makes  them  but  rather  clumsy  tools 
at  best.  These  various  methods  resolve  themselves,  to  no  small  extent,  to 
assisting  certain  plants  to  overcome  others  in  that  struggle  for  existence 
the  correct  estimation  of  which  is  of  inestimable  ecological  importance. 
And  with  the  advance  of  ecological  knowledge,  as  fact  after  fact  comes  into 
view,  it  will  become  clearer  not  only  how  but  why  one  species  or  another 
is  favoured  in  the  struggle. 

This  brings  me  to  the  paramount  importance  of  a  study  of  the  ecology 
of  pastures.  These  are  of  various  types,  and  each  type  demands  special 
investigation.  There  is  no  pasture  which  is  perfect,  while  many  are  quite 
the  reverse.  Doubtless  vast  improvements  can  be  made  by  one  or  other 
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of  the  recognized  methods  of  pasture-treatment  of  the  present  day.  No 
small  advance,  indeed,  has  been  made  in  the  treatment  of  New  Zealand 
pastures  during  quite  recent  years,  largely  through  the  researches  of  the 
Agricultural  Department  ;  but  the  knowledge  is  still  far  too  inadequate  in 
many  instances  for  an  approach  towards  perfection. 

Take  the  case  of  the  tussock  grasslands,  the  most  extensive  of  New 
Zealand  pastures.  At  the  present  time  even  the  actual  tussocks  are  not 
properly  classified.  Here  the  very  starting-point  for  the  ecologist  has  not 
been  reached.  Of  course,  there  are  names  of  a  sort,  but  in  no  few  instances 
the  accepted  botanical  name  —  and  there  is  no  other  as  yet  —  is  almost 
worthless  for  economic  purposes,  since  it  does  not  refer  to  one  true-breeding 
race  with  its  peculiar  qualities,  but  to  a  mixture  of  such  races,  which  must 
behave  in  this  way  or  that  according  as  one  or  other  unnamed  race  is 
dominant.  To  assert  that  Poa  Colensoi  on  a  certain  sheep-run  is  not  eaten 
by  the  sheep  tells  us  nothing  until  we  know  what  particular  race  in  that 
mixture  of  races  designated  P.  Colensoi  is  meant. 

Again,  if  the  true  names  of  the  grasses  are  problematical,  still  less  is 
known  regarding  their  actual  ecological  requirements — i.e.,  the  climate, 
soil,  &c.,  that  suits  them  best.  Even  the  life-histories  of  the  two  principal 
tussock-grasses,  Festuca  novae-zealandiae  and  Poa  caespitosa,  are  unknown. 
So,  too,  our  ignorance  is  profound  regarding  the  liking  by  stock  for  nearly 
all  our  indigenous  grasses.  For  instance,  Poa  Colensoi,  cited  above,  pos¬ 
sesses  considerable  reputation  as  a  fodder  plant,  but  really  it  is  doubtful 
if  certain  of  its  constituent  races  are  eaten  by  sheep  to  any  extent,  not¬ 
withstanding  Buchanan’s  dictum.* 

Next  comes  the  actual  composition  of  the  tussock  grassland  not  only 
in  different  parts  of  New  Zealand,  but  in  contiguous  areas  ;  the  effect  of 
burning,  of  spelling,  of  understocking  and  overstocking  ;  the  relation  of 
the  plant-covering  to  aspect,  slope,  snowfall,  high  winds,  and  so  on.  All 
these  are  matters  sufficiently  easy  to  investigate,  and  they  must  be  actually 
known  before  real  economic  progress  can  be  made. 

The  control  of  weeds  is  a  question  arising  daily  in  New  Zealand  agri¬ 
culture.  Here,  in  the  first  place,  comes  the  intensive  study  of  the  species 
doing  the  damage,  both  from  the  autecological  and  the  synecological  aspect. 
The  better  known  are  its  habits,  its  likes  and  dislikes,  its  relation  to  soil 
and  climate,  its  special  plant  and  animal  enemies,  its  methods  of  dis¬ 
semination,  its  seasonal  changes,  its  power  of  variability,  and  last  but  not 
least  its  actual  distribution,  the  easier  will  it  be  to  set  up  satisfactory 
methods  for  its  downfall.  Only  when  such  ecological  information  as  the 
above  is  available  regarding  all  the  so-called  “  noxious  weeds  ”  will  they 
cease  to  be  noxious,  through  their  proper  control,  where  such  is  desirable. 
This  last  condition  may  seem  foolish  to  many,  but  really  only  ecology 
can  decide  whether  a  “  noxious  weed  ”  in  certain  uncultivated  areas  is 
“noxious”  at  all.  Acts  of  Parliament  will  not  eradicate  any  weed,  but 
only  the  act  of  the  farmer  based  upon  that  exact  knowledge  which  ecology 
alone  can  supply. 

Many  more  examples  could  easily  be  given  to  show  the  intimate  relation 
of  this  new-born  science,  ecology,  to  agriculture.  The  above  should  be 

*  “  The  grass  under  notice  [ Poa  Colensoi ]  is  everywhere  closely  cropped  by  all 
kinds  of  stock,  and  even  in  the  absence  of  any  analysis  may  be  accepted  as  a  grass  of 
first-class  character  ”  (J.  Buchanan,  Manual  of  the  New  Zealand  Grasses,  1880).  A.  H. 
Cockayne  {Trans.  N.Z.  Inst.,  vol.  48,  1916,  p.  157)  writes,  “  For  my  part,  I  think  the 
feeding-value  of  the  blue  tussock  [ Poa  Colensoi ]  has  been  exaggerated.  Even  on  land 
recently  grazed  very  little  sign  of  actual  feeding-down  can  be  seen,  but  certainly  sheep 
do  much  better  on  land  where  there  is  an  abundance  of  this  grass  than  where  it 
is  scarce.” 
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enough,  for  a  moment’s  thought  at  this  point  should  reveal  the  fact  that 
agriculture  itself  is  neither  more  nor  less  than  applied  plant  and  animal 
ecology,  and  that  long  before  the  name  “  ecology  ”  was  coined  the  agri¬ 
cultural  investigator  had  been  more  or  less  of  an  ecologist. 

And  plant  ecology  itself,  is  it  a  branch  of  botany  alone  ?  A  branch  of 
botany  it  certainly  is,  since  the  behaviour  of  plants  is  its  theme.  Never¬ 
theless,  the  botanist  who  pursues  ecology  must  be  equipped  almost  beyond 
human  powers  or  he  must  seek  the  collaboration  of  other  men  of  science, 
notably  the  physicist,  the  chemist,  the  geologist,  the  zoologist,  and  the 
meteorologist. 

Such  an  equipment  could  undertake  that  primary  requisite  for  agri¬ 
cultural  advance  in  this  country  —  an  agricultural  survey  conducted  on 
ecological  lines  with  a  view  to  an  accurate  classification  of  the  farm-lands 
of  the  Dominion.  Nothing  is  more  urgently  needed  in  the  interests  of  New 
Zealand  agriculture.  Once  the  different  classes  of  agricultural  land  are 
segregated  for  the  next  scientific  process — intensive  ecological  investigation 
and  experiment — then  it  can  be  truly  said  that  the  era  of  the  New  Agri¬ 
culture  has  commenced  and  that  the  day  of  intensified  national  prosperity 
has  dawned. 


ESTIMATION  OF  POTASSIUM  IN  AGRICULTURAL 
SAMPLES  BY  MEANS  OF  PERCHLORIC  ACID. 

By  B.  C.  Aston,  F.I.C. 

In  many  elementary  laboratories  and  some  advanced  ones  compelled  to 
practise  economy  the  estimation  of  potassium  has  been  barred  to  students 
owing  to  the  high  price  of  the  platinum  salts  (platinum  is  now  £13  per 
ounce)  used  in  the  method  of  analysis.  The  perchloric  acid  method  which 
is  now  available  makes  the  determination  of  the  potash  in  agricultural 
samples  possible  with  very  little  expenditure  for  reagents.  Inquiries  have 
been  received  with  regard  to  the  details  of  this  new  method,  which  is 
here  reprinted  in  summarized  form  for  general  information. 

The  excellent  paper  by  Mr.  William  A.  Davis,  of  the  Bothamsted 
Experimental  Station,  entitled  “  The  Estimation  of  Potassium,  especially 
in  Fertilizers,  Soil  Extracts,  and  Plant-ashes,”*  will  be  hailed  with  pleasure 
by  most  agricultural  analysts.  Mr.  Davis  has  examined  the  platinum 
method  (previously  generally  used  in  New  Zealand)  and  the  perchloric 
method  very  critically.  Concerning  the  former  he  says, — 

“  To  sum  up  :  the  platinum  method  is  liable  (1)  to  give  high  results 
unless  80  per  cent,  alcohol  is  used  ;  (2)  to  give  low  results  when  80  per 
cent,  alcohol  is  used,  owing  to  the  relatively  high  solubility  of  K2PtCl6  ; 
(3)  to  necessitate  great  care  when  sulphates  are  present ;  high  results  may 
easily  be  obtained  unless  the  precipitation  of  the  sulphate  by  barium 
chloride  is  very  exactly  carried  out.  . 

“  In  view  of  the  many  other  real  advantages  possessed  by  the  per¬ 
chlorate  method,  and  the  undoubted  fact  (as  will  be  demonstrated  later) 
that  it  gives  accurate  results  without  any  very  special  precautions 
having  to  be  taken,  it  is  contended  that  the  platinum  method  should  be 
abandoned  on  account  of  its  uncertainty,  cost,  and  special  difficulties  of 
manipulation. 


*  Journ .  Ag.  Sci.,  vol.  5,  pt.  i,  Oct.,  1912, 
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“  Perchlorate  Method. 

“  The  procedure  adopted  was  as  follows  :  When  iron,  alumin  um,  or 
other  salts  are  present,  as  in  ordinary  acid  soil  extracts,  ashes,  &c.,  the 
solution  of  the  chlorides  is  evaporated  to  dryness  in  a  porcelain  dish  and 
ignited  for  about  a  quarter  of  an  hour  at  dull-red  heat  so  as  to  throw  out 
iron,  &c.,  as  oxides,  as  in  Neubauer’s  simplified  method  ( Landw .  Vers .  St., 
1905,  vol.  63,  p.  141).  The  ignition  should  be  continued  so  long  that,  on  dis¬ 
solving,  a  colourless  solution,  free  from  iron,  is  obtained.  (When  sulphates 
are  present  in  large  amount,  after  the  liquid  has  evaporated  to  dryness 
5  to  10  c.c.  of  saturated  barium  hydroxide  solution  is  added  to  precipitate 
S04.  The  evaporation  and  ignition  are  then  completed  as  usual.)  The 
soluble  alkali  salts  are  then  extracted  with  boiling  water  as  completely  as 
possible,  breaking  up  the  iron-oxide  residue  with  a  glass  rod  during  the 
extraction.  The  aqueous  extract  is  filtered  into  a  glass  evaporating-dish 
(3jin.  diam.),  care  being  taken  to  extract  all  the  alkali  salts  from  the 
residue  ;  this  is  usually  complete  with  a  volume  of  hot  water  sufficient  to 
fill  the  3jin.-  dish,  but  if  any  doubt  exist  another  50  c.c.  of  boiling  water 
can  be  used.  The  aqueous  extract  is  now  evaporated  nearly  to  dryness 
after  adding  2*5  c.c.  of  perchloric  acid  solution,  sp.  gr.  1-125*  (20  per  cent.)  ; 
the  evaporation  must  be  carried  to  the  point  of  vigorous  evolution  of  heavy 
white  fumes  of  perchloric  acid.  A  sand-bath  not  too  strongly  heated  is  the 
most  suitable  means  of  effecting  evaporation. f  The  soluble  perchlorates 
are  now  taken  up  by  stirring  with  20 c.c.  of  95-96  per  cent,  alcohol,  and, 
after  settling,  the  clear  solution  poured  off  through  a  9  cm.  filter-paper, 
which  has  been  dried  to  constant  weight  at  100°  C.  in  a  stoppered  weighing- 
bottle  (lj  in.  diam.  by  2  in.).  10  c.c.  of  95  per  cent,  alcohol  is  now  added 

containing  0-2  per  cent,  of  perchloric  acid,J  and  the  insoluble  potassium 
perchlorate  transferred  as  completely  as  possible  by  means  of  it  to  the 
weighed  filter-paper.  In  washing  the  last  traces  of  precipitate  into  the 
filter-paper  another  20  or  30  c.c.  of  the  alcohol  containing  0-2  per  cent, 
perchloric  acid  is  used,  and  finally  the  perchloric  acid  itself  is  washed  out 
of  the  filter  as  completely  as  possible  by  using  a  minimum  of  95  per  cent, 
alcohol.  For  this  purpose  the  washings  are  tested,  until  quite  free  from 
acidity,  with  sensitive  litmus  paper.  Care  must  be  taken  that  the  top 
edge  of  the  filter-paper  is  washed  well.  The  freedom  of  the  filter-paper 
from  perchloric  acid  is  shown  by  its  not  blackening  during  the  subsequent 
drying  in  the  oven  at  100°.  The  use  of  a  glass  dish  for  the  evaporation  of 
the  solution  in  the  early  part  of  the  process  greatly  simplifies  the  complete 
removal  of  the  last  traces  of  the  perchlorate  precipitate  to  the  filter-paper, 
as  these  last  traces  are  then  plainly  visible.  In  washing,  a  total  quantity 
of  120-150 c.c.  of  95  per  cent,  alcohol  can  be  safely  used  without  causing 
any  perceptible  loss  of  potassium  perchlorate,  although  so  much  is  not 
usually  necessary  unless  much  NaCl  is  present.  After  washing,  the  filter- 
paper  and  precipitate  are  dried  in  a  steam-oven  for  about  twenty  minutes,, 
whilst  still  in  the  funnel ;  the  filter-paper  plus  precipitate  is  then  trans¬ 
ferred  to  its  weighing-bottle  and  the  drying  completed  until  the  weight  is 
constant.  1  mgm.  KC104  =  0-3401  mgm.  K20. 

4 4  A  Gooch  crucible  or  Soxhlet  tube  can  also  be  employed  for  collecting 
the  potassium  perchlorate,  but  if  this  is  used  care  must  be  taken  that  the 

*  This  quantity  is  sufficient  in  most  cases,  but  if  the  quantity  of  KC1  +  NaCl  exceeds 
0-2  grm.,  5  c.c.  of  perchloric  acid  or  more  should  be  used.  It  is  necessary  only  to  take 
about  one  and  a  half  times  the  quantity  of  HC104  theoretically  necessary  to  decompose 
all  the  salts  present. 

f  If  the  liquid  evaporates  to  dryness  no  harm  is  done  so  long  as  there  is  no  loss 
by  spurting.  It  is  only  necessary  to  take  up  with  a  drop  of  two  of  perchloric  acid 
solution. 

f  Made  by  adding  5  c.c.  20  per  cent,  perchloric  acid  to  500  c.c.  95  per  cent,  alcohol.. 
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asbestos  layer  is  sufficiently  thick  to  prevent  the  very  finely  divided  potas¬ 
sium  perchlorate  from  passing  through.  With  a  layer  Jin.  thick  perfectly 
accurate  results  can  be  obtained.  In  rapid  working,  when  a  large  number 
of  analyses  have  to  be  made,  the  Gooch  crucible  is  preferable  to  a  filter- 
paper.” 

Mr.  Davis,  who  points  out  that  discrepancies  in  reputable  English 
analysts’  results  of  the  same  sample  are  by  no  means  common,  and  that 
in  Germany  the  platinum  method  has  been  almost  superseded  by  the 
perchlorate,  concludes  his  paper  with  the  following 

Summary. 

“  It  is  shown  that  whereas  the  platinum  chloride  method  of  estimation 
is  uncertain  and  liable  to  give  varying  results,  the  perchlorate  method  is 
at  once  more  simple  in  manipulation  and  more  uniform  and  exact  in  its 
results.  An  improvement  has  been  introduced  which  consists  in  washing 
the  perchlorate  precipitate  with  95  per  cent,  alcohol  saturated  with  potas¬ 
sium  perchlorate,  by  means  of  which  any  error  due  to  the  solubility  of  the 
precipitate  is  obviated.  This  is  of  importance  when  dealing  with  small 
quantities  of  precipitate.  The  following  other  advantages  may  here  be 
enumerated 

“  (1.)  Economy:  In  view  of  the  very  large  excess  of  platinum  required 
when  sodium  salts  are  present,  and  the  great  cost  of  the  metal  at  the  present 
moment  (£13  per  ounce),  this  is  a  very,  real  advantage.  The  troublesome 
working-up  of  large  quantities  of  platinum  residues,  with  the  attendant 
risks  of  poisoning,  are  avoided. 

“  (2.)  The  presence  of  barium,  magnesium,  and  calcium  chlorides  and 
sodium  phosphate  is  without  prejudice  to  the  method,  and  these  salts  need 
not  be  removed.  Potassium  sulphate  can  be  estimated  direct,  using  a 
sufficient  excess  of  perchloric  acid,  without  conversion  into  chloride  by 
means  of  barium  chloride  ;  if  in  the  analysis  of  commercial  sulphate  of 
potash  the  sulphate  is  converted  into  chloride  by  the  Stassfurt  method, 
the  exact  precipitation  of  the  sulphate  is  not  imperative,  as  in  using  the 
platinum  method.  There  can  be  excess  of  either  potassium  sulphate  or 
barium  chloride. 

“  (3.)  All  uncertainty  such  as  exists  as  to  what  value  shall  be  taken 
for  the  atomic  weight  of  platinum  is  avoided.  The  calculation  is  made 

KC104  KC104  „ 

K20  ’  KC1  5  &C' 

In  conclusion,  the  writer  can  assure  others  that  he  has  examined  the 
perchlorate  method  and  quickly  adopted  it  in  his  branch  as  being  far 
superior  to  the  platinum  method  for  commercial  purposes.  The  perchloric 
acid  is  somewhat  difficult  to  obtain  owing  to  the  unwillingness  of  shippers  to 
carry  it.  Two  methods  of  preparing  the  acid  from  sodium  or  potassium 
chlorate  and  hydrochloric  acid  are  given  in  Wiley’s  Agricultural  Analysis , 
vol.  2,  “  Insecticides  and  Fertilizers,”  one  of  which,  the  method  of  Kreider 
(p.  582),  will  make  it  easy  for  every  analyst  to  make  and  keep  a  supply  of 
this  admirable  yet  unappreciated  reagent. 

Postscript. 

Since  the  above  paper  was  written  Thin  and  Gumming*  have  rein¬ 
vestigated  the  method  and  have  confirmed  the  conclusions  of  Davis.  If 
a  high  degree  of  accuracy  is  required  they,  however,  recommend  as  a 
washing  solution  alcohol  saturated  with  potassium  perchlorate. 


from  the  simple  molecular  ratios 


*  Jour.  Chem.  Soc.,  vol.  107,  pt.  1,  1915,  p.  361. 
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STEEL-CASTING  FURNACES  UNDER  NEW  ZEALAND 

CONDITIONS. 

By  S.  H.  Jenkinson. 

The  use  of  steel  castings  is  only  advisable  where  cast  iron  is  too  weak 
for  the  stresses  involved  and  where  the  conditions  preclude  the  use  of 
die  forgings  or  stampings.  Although  this  province  imposes  restrictions 
on  output,  it  provides  wide  limits  as  to  cost,  and  therefore  the  main 
consideration  is  that  of  quality,  and  especially  that  of  uniformity  and 
reliability.  This  is  specially  true  under  the  conditions  existing  in  New 
Zealand,  where  the  only  opening  is  for  a  jobbing  foundry  working  on  a 
wide  range  of  light  shapes.  In  such  a  foundry  the  cost  of  producing 
molten  steel  in  the  ladle  is  only  about  one-third  of  the  final  cost  of  the 
castings,  and  the  moulding  difficulties  form  the  crux  of  the  situation. 
These  difficulties  are  much  greater  in  steel-casting  than  in  iron-casting, 
and  are,  of  course,  particularly  accentuated  in  light  thin  work  and  in 
work  where  only  a  few  castings  are  required  off  each  pattern,  since  in 
this  work  the  inevitable  lost  casting  forms  a  high  percentage  of  the  total 
and  the  job  is  not  big  enough  to  stand  any  experimenting  with  risers, 
gates,  &c.  Nevertheless,  there  are  now  steel-foundries  in  New  Zealand 
that  have  virtually  overcome  their  moulding  difficulties,  and  their  success 
will  certainly  encourage  the  designer  to  specify  steel  castings  much  more 
largely  in  future.  After  the  war  a  good  demand  is  certain  to  arise  for 
this  product,  but  those  foundries  desiring  to  satisfy  it  can  only  achieve 
success  by  pouring,  molten  metal  of  uniform  reliable  quality  at  correct 
moulding-temperatures,  which  will  allow  uniform  practice  on  the  moulding- 
floor  and  will  not  require  the  castings  to  be  annealed. 

Such  metal  must  first  conform  to  a  rigid  chemical  analysis,  and  the 
influence  of  the  more  usual  metalloids  must  be  understood. 

Carbon  tends  to  increase  the  tensile  strength  and  fluidity  of  the  metal 
and  also  lowers  its  melting-point.  It  renders  steel  hard  and  brittle,  and 
decreases  greatly  the  ductility.  The  higher  the  carbon  the  more  irregular 
and  difficult  the  metal  becomes  on  the  moulding-floor  and  the  greater  the 
necessity  for  subsequent  annealing,  so  that  steel  of  above  1  per  cent,  carbon 
is  wild  and  practically  unmanageable.  Carbon,  then,  should  be  kept  as 
low  as  possible  in  New  Zealand  jobbing  foundries,  having  regard  to  the 
proper  melting  of  the  steel  and  the  proper  filling  of  the  mould.  Annealing 
is  a  costly,  slow,  and  delicate  process  under  jobbing  conditions,  and  the 
difficulty  of  heating  many  small  castings  of  varied  shape  and  volume 
to  a  uniform  closely  regulated  temperature  of  900°  C.  (1,650°  F.)  and 
allowing  each  to  cool  slowly  and  uniformly  is  almost  prohibitive  in 
ordinary  work.  Now,  annealing  may  be  safely  neglected  if  the  carbon 
content  of  the  steel  is  under  0*25  per  cent,  (of  course,  heating  to  a  visible 
red  heat  may  be  necessary  to  relieve  shrinkage  stresses),  and  this  is  the 
maximum  to  be  worked  to. 

Silicon  increases  the  shrinkage  (which  is  particularly  troublesome  in 
steel  castings)  and  decreases  the  fluidity.  It  certainly  does  not  increase 
the  strength  or  ductility,  and  therefore  should  be  kept  below  0-5  per  cent. 
A  little  silicon  (up  to  about  0-2  per  cent.)  makes  for  sound  castings, 
acting  as  a  deoxidizer. 

Phosphorus  is  possibly  beneficial  up  to  0*05  per  cent.,  but  if  present 
in  larger  quantities  seriously  affects  the  ductility  and  toughness  :  0-08  per 
cent,  is  the  maximum  allowable. 
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Sulphur  is  the  cause  of  brittleness  and  cracking,  and  is  the  most 
objectionable  element  common  in  steel  castings  :  008  per  cent,  is  the 
maximum  allowable. 

Manganese  renders  steel  hard  and  brittle,  and  an  excess  should  be 
avoided.  As,  however,  it  reduces  the  bad  effect  of  sulphur  it  should  be 
present  to  the  extent  of,  say,  ten  times  the  sulphur  percentage  up  to  a 
maximum  of  1  per  cent. 

Aluminium  is  an  excellent  deoxidizer,  and  therefore  makes  for  sound 
castings  free  from  gas-holes.  About  0*02  per  cent,  should  be  added  as 
ferro-aluminium  just  before  pouring  or  when  in  the  ladle. 

Titanium  is  a  deoxidizer,  and  also  burns  out  the  nitrogen.  It  therefore 
makes  for  sound  castings,  but  also  seems  to  improve  the  strength  and 
ductility  of  the  metal.  About  0*01  per  cent,  should  be  added  as  ferro- 
titanium  at  the  same  time  as  the  aluminium. 

Tensile  strength  increases  with  the  carbon,  so  that  if  it  is  too  high 
it  is  an  indication  that  too  much  carbon  is  present,  and  brittleness  and 
unreliability  may  be  looked  for.  Under  New  Zealand  conditions  particularly 
it  is  wise  to  look  for  a  steel  of  moderate  strength,  and  to  remember  that 
the  mere  strength  is  no  criterion  of  quality.  The  best  steel  for  resisting 
shocks  goes  about  28  tons  per  square  inch,  and  a  minimum  of  26  tons  may 
safely  be  insisted  on.  But  it  is  more  important  to  specify  a  maximum,  and 
32  tons  per  square  inch  should  be  the  limit.  The  following  table  shows 
representative  foreign  specifications  and  analyses. 


Representative  Analyses  for  Steel  Castings. 
(The  percentages  marked  *  are  maximums.) 


Source. 

Carbon. 

Silicon. 

Manganes  ■. 

Sulphur. 

Phosphorus. 

1 

Tensile 
Strengtli : 
Tons  per 
Square  Inch. 

Percentage  of 
Elongation 
in  2  in. 

Specification— 

British  Standards  Committee  .  . 

,  # 

,  , 

.  . 

•07* 

•07* 

26  (min.) 

•  • 

Am.  Soc.  for  Testing  Materials, 

1914— 

Ordinary  castings  .  . 

•30* 

•  • 

.  . 

•  . 

•06* 

.  . 

.  . 

Special  castings — Hard 

) 

( 

35  (min.) 

15 

,,  Medium  .  . 

.  . 

•05* 

•05*  \ 

31  „ 

18 

,,  Soft 

1 

/ 

1 

27  „ 

22 

U.S.  Navy,  1917— 

Grade  A — -Wearing  parts  only 

.  . 

•05* 

•05* 

35  (min.) 

17 

,,  B — Subject  to  shocks 

.  . 

.  . 

.  . 

•05* 

•06* 

27 

22 

,,  C — Fittings  not  need- 

ing  strength 

•  . 

.  . 

.  . 

•07* 

•06* 

.  . 

Natal  Government  .  . 

,  , 

.  . 

.  . 

,  , 

•  • 

28-32 

.  . 

Caledonian  Railway  .  . 

.  # 

.  , 

.  , 

32  (max.) 

.  , 

Average  practice,  Milwaukee  con- 

verter  castings 

•20 

•20 

•14 

•04 

•04 

25-29 

•  . 

,,  American  r  a  i  1- 

way  castings 

•27 

•25 

•57 

•03 

•05 

26-35 

•  • 

Crucible  casting  made  at  Knapp’ s 

•75 

•30 

•33 

•02-09 

•02-06 

•  * 

To  recapitulate  :  Unless  steel  can  be  regularly  cast  to  approach  the 
following  specification  it  is  idle  to  hope  for  success  : — 

Analysis. — Carbon,  0-15  to  0-30  per  cent.  ;  silicon,  0*10  to  0*30  per 
cent. ;  manganese,  0T0  to  0-80  per  cent. ;  sulphur,  0*03  to  0*08  per 
cent.  ;  phosphorus,  0*03  to  0*08  per  cent. 

Tensile  Strength. — 26-32  tons  per  square  inch. 

Elongation. — Not  less  than  15  per  cent,  on  2  in.  (British  standard 
specimen  to  be  used.) 
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Bending, — A  1 -in. -diameter  piece  must  stand  being  bent  cold  90° 
over  a  bar  3  in.  diameter  without  fracture. 

Dropping. — Small  castings  must  not  break  when  dropped  from 
height  of  10  ft.  on  to  iron  block. 

The  absolutely  necessary  qualifications  are  that  carbon  must  not  exceed 
0-5  per  cent,  and  tensile  strength  must  not  exceed  32  tons  per  square  inch. 
Castings  going  above  these  limits  would  require  careful  annealing  and  heat 
treatment,  and  commercial  considerations  prohibit  this  under  the  con¬ 
ditions  prevailing  in  New  Zealand.  Small  foundries  have  troubles  enough 
on  the  moulding-floor  without  being  called  on  to  find  the  technical  skill 
and  delicate  temperature  manipulation  required  in  scientific  heat  treatment. 

Before  considering  the  merits  of  the  various  processes  a  few  words  on 
two  aspects  of  foundry-management  may  not  be  out  of  place.  “  To-day 
the  steel-foundry  man  who  should  attempt  to  run  his  shop  without  chemical 
analysis  of  his  raw  materials  and  product  would  be  in  danger  of  incarceration 
as  a  lunatic.55  This  extract  from  a  fine  American  work  ( The  Steel  Foundry, 
by  J.  H.  Hall)  should  be  equally  true  in  New  Zealand,  as  chemical  analysis 
is  absolutely  essential  for  successful  work.  But  this  does  not  mean  that  the 
foundryman  is  to  place  himself  and  shop  at  the  mercy  of  a  non-practical 
but  highly  educated  chemist.  The  work  required  is  largely  of  a  routine 
character,  and  the  actual  chemical  knowledge  required  is  very  small.  The 
best  procedure  is  to  use  the  services  of  a  bright  young  fitter  who  will  also 
be  available  for  general  engineering  and  draughting  work  in  the  shop.  If 
such  a  man  has  made  use  of  technical  -  school  opportunities  during  his 
apprenticeship  and  after  he  will  very  soon  be  able,  with  the  aid  of  available 
text-books,  to  carry  out  the  routine  tests  necessary.  This  leads  to  the 
second  question.  The  excessive  shrinkage  that  is  found  when  casting  steel 
gives  rise  to  endless  trouble  unless  patterns  are  carefully  designed  for  their 
special  purpose.  Questions  of  fillets,  webs,  and  uniform  section  that  may 
be  virtually  neglected  in  patternmaking  for  iron  castings  become  vital 
when  steel  is  the  material  to  be  poured.  The  average  designer  in  this  country 
has  had  no  experience  in  this  direction,  and  the  majority  of  patterns  or 
drawings  received  by  a  jobbing  foundry  will  require  material  alteration 
before  being  suitable  for  steel  practice.  The  young  engineer  referred  to 
above  could  very  well  attend  to,  or  be  in  charge  of,  the  chemical  and  physical 
testing  and  the  designing  and  draughting  work  required.  While  these 
questions  may  appear  trivial,  they  are  likely  to  be  overlooked  or  wrongly 
solved  in  actual  workshop  practice,  and  they  discourage  and  dismay  the 
average  foundryman  who  is  considering  the  installation  of  a  steel  foundry. 

We  are  now  ready  to  consider  what  process  of  obtaining  molten  steel 
for  casting  is  best  under  New  Zealand  conditions.  The  furnaces  in  use  for 
this  purpose,  placed  in  order  of  magnitude  of  output,  are  (1)  acid  and  basic 
open-hearth  furnaces  ;  (2)  acid  and  basic  converters  ;  (3)  crucible  furnaces  ; 
(4)  electric  furnaces. 

(1.)  The  open-hearth  furnaces  have  been  successfully  used  only  in  large 
sizes,  from  5  to  50  tons  burden,  and  this  is  out  of  the  question  for  New  Zea¬ 
land.  The  furnace  best  suited  to  our  conditions  is  one  not  exceeding  a 
content  of  2  tons  and  capable  of  dealing  quickly  and  economically  with  a  pour 
of  as  low  as  \  ton.  Claims  have  been  made  that  a  small  open-hearth  furnace 
of  1  ton  capacity  has  been  developed  and  successfully  used,  but  these  are 
not'  yet  substantiated.  In  any  case,  open-hearth  furnaces  are  heated  by 
gas-producers,  and  the  sulphur  content  of  the  coal  used  therein  should  not 
exceed  0-5  per  cent.,  a  condition  that  is  difficult  to  meet.  If  need  be,  other 
serious  objections  could  be  cited,  but  we  can  safely  pass  on  to — 

(2.)  Converters  :  These  burn  out  the  carbon  from  a  charge  of  molten  pig 
iron  in  a  pear-shaped  vessel  by  blowing  air  through  it.  They  are  divided  into 


80  The  N.Z.  Journal  of  Science  and  Technology.  [Mar. 

acid  and  basic  types,  according  to  the  nature  of  the  lining  of  the  vessel,  and 
again  into  side  and  bottom  blown  according  to  the  method  of  blowing.  The 
basic  type  requires  high-phosphorus,  low-silicon  pig  (say,  3  per  cent.  P  and 
0-5  per  cent.  Si)  for  the  charge,  and  with  the  addition  of  lime  and  the  use  of 
magnesite  or  dolomite  for  the  lining  the  carbon  and  phosphorus  are  both 
burnt  out  during  the  blow.  This  pig  is  difficult  to  obtain,  and  the  working- 
costs  with  this  furnace  are  higher  than  with  tte  acid  type.  The  bottom- 
blown  vessels  require  a  pressure  of  30  lb.  of  air  for  the  blow,  and  this  means 
the  provision  of  large  and  expensive  blowing-engines,  while  side-blown 
vessels,  owing  to  the  smaller  pressure  from  the  iron  above  the  tuyeres,  need 
a  blowing-pressure  of  only  5  lb.  per  square  inch,  and  this  can  be  arranged 
for  with  the  much  cheaper  positive-pressure  blowers.  The  advantage  of 
the  bottom-blown  vessel  is  that  the  output  is  slightly  greater  in  continuous 
working  and  the  loss  of  metal  in  blowing  slightly  less ;  but  these  advantages 
have  little  bearing  for  the  purposes  we  are  considering.  This  leaves  us 
with  the  side-blown  acid-lined  converter,  of  which  the  best-known  type  is 
the  Tropenas.  Two  1-ton  vessels  could  attend  to  an  output  of  500-1,000 
tons  per  year,  which  would  be  a  reasonable  figure  to  assume  as  the  basis 
for  a  beginning  in  a  New  Zealand  foundry,  and  the  plant  would  comprise 
a  cupola  to  melt  the  charge,  a  positive-pressure  blower  and  a  motor  to  drive 
it,  and  a  small  furnace  to  heat  the  “  physic  ”  additions  to  the  charge — 
i.e.,  ferro-manganese,  ferro-silicon,  ferro-aluminium,  ferro-titanium,  &c.  The 
lining  of  the  converter  is  comprised  of  silica  bricks  and  ganister,  and  will 
need  constant  attention  and  frequent  remaking — hence  the  need  for  two 
vessels.  The  cost  of  this  plant  at  pre-war  prices  would  be  about  £6,000. 
The  charge  will  consist  of  (1)  pig  iron  of  a  very  close  analysis  containing 
4  per  cent,  or  over  of  carbon,  2  per  cent,  or  more  of  silicon,  and  not  more 
than  0-04  per  cent,  of  phosphorus  or  sulphur  ;  (2)  mild-steel  scrap*  contain¬ 
ing  not  above  0*04  per  cent,  of  phosphorus  or  sulphur  (if  such  is  freely 
available  and  cheaper  than  the  haematite  pig  above  mentioned,  it  can  be 
used  in  quantities  up  to  40  per  cent,  of  the  pig)  ;  (3)  steel-casting  scrap, 
which  will  always  be  available  to  the  extent  of  at  least  30  per  cent,  of  the 
charge  from  risers,  runners,  &c.,  from  the  foundry.  The  difficulty  with 
this  process  lies  chiefly  in  the  sulphur.  The  foundry  coke  available  in  New 
Zealand  contains  at  least  1  per  cent,  of  sulphur,  and  it  is  practically 
impossible  to  obtain  either  the  haematite  pig  or  the  mild  -  steel  (boiler¬ 
plate,  &c.)  scrap  with  under  0-05  per  cent,  of  sulphur.  The  result  is  that 
with  the  remelted  foundry  scrap  to  be  worked  off  and  the  loss  of  metal  in 
blowing  (20  per  cent.)  there  is  no  possibility  of  obtaining  castings  with  under 
0*08  per  cent,  of  sulphur,  and  little  probability  of  beating  0-1  per  cent.  It  is 
possible  to  desulphurize  in  the  cupola  by  using  an  excess  of  lime  flux  in  a 
jacketed  cupola,  or  in  the  ladle  by  adding  calcium  chloride  or  fluoride  (the 
“  Saniter  ”  process),  but  both  these  processes  require  metallurgical  skill  and 
care  such  as  a  small-foundry  man  cannot  reasonably  be  expected  to  give.  A 
modification  of  these  acid-lined,  side-blown  converters,  known  as  the  “  Stock  ” 
oil-fired  converter,  is  decidedly  better  for  New  Zealand  conditions.  Here, 
in  addition  to  the  ordinary  converter,  means  of  heating  the  converter  charge 
while  in  the  converter  by  an  oil-flame  is  added ;  thus  the  pig  iron  used  can 
be  lower  in  carbon  and  silicon,  and  therefore  somewhat  cheaper.  If  desired, 
the  whole  charge  can  be  placed  cold  into  the  converter,  and  if  Pennsylvania 
oil  (which  is  low  in  sulphur)  is  used  to  heat  and  melt  the  charge,  castings 
of  very  excellent  quality  low  in  sulphur  can  be  poured.  This  procedure 
will,  of  course,  be  expensive,  but  might  be  used  with  advantage  for  special 
castings.  In  special  cases,  too,  it  may  be  cheaper  to  melt  small  charges 
in  this  way  at  times  when  the  cupola  is  cold.  The  working-cost  of  the 


*  Throughout  this  paper  “  mild-steel  scrap  ”  includes  wrought  iron. 
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molten  metal  in  the  ladle  per  ton  of  finished  castings  (taking  60  per  cent, 
as  the  foundry  44  load-factor  ”)  at  pre-war  prices  would  vary  from  £7  with 
the  poorer-quality  castings  to  probably  £10  with  the  best  quality  melted 
from  all  cold  in  the  converter  by  the  Stock  process. 

(3.)  Crucible  furnace  :  This  type  of  furnace  may  be  considered  out  of 
date  for  New  Zealand  conditions.  It  is  virtually  impossible  to  turn  out 
castings  containing  under  0-25  per  cent,  carbon  with  this  process,  and  with 
graphite  pots  the  carbon  percentage  will  be  over  0*5.  This  steel  will  require 
annealing,  and  is  therefore  undesirable.  Further,  the  charge  must  be  care¬ 
fully  selected,  as  all  the  impurities  increase  in  the  process  and  finally  the 
process  is  much  more  costly  to  work  than  either  the  converter  or  the — - 

(4.)  Electric  furnace  :  The  tremendous  advances  made  in  this  process 
during  the  last  five  years  prove  conclusively  that  it  is  no  longer  restricted 
by  cost  considerations  to  the  manufacture  of  high-priced  steel.  The  report 
of  F.  W.  Harbord  to  the  South  African  Government  (about  1911)  unhesitat¬ 
ingly  recommended  the  use  of  electric  furnaces  in  that  country  for  steel 
castings,  and  it  is  clear  from  the  report  that  the  conditions  he  was  con¬ 
sidering  closely  approximate  those  current  in  New  Zealand  in  normal  times. 
Here  we  have  to  bear  in  mind  the  following  factors  : — 

(1.)  Pig  iron  is  high  in  cost,  and  our  distance  from  the  blast  furnaces 
renders  control  of  analysis  very  difficult.  Thus  quite  unsuitable 
pig  may  be  fovwarded  and  the  time  element  prohibits  its  being 
returned . 

(2.)  Mild-steel  scrap  is  fairly  plentiful  and  cheap,  but  the  phosphorus 
and  sulphur  content  is  highly  irregular,  often  in  the  neighbour¬ 
hood  of  0*1  per  cent. 

(3.)  Metallurgical  coke  is  costly  and  highly  sulphurous  in  quality. 

(4.)  Firebrick  and  lining-material  are  costly,  and  expert  labour  in  this 
direction  is  scarce. 

The  electric  furnace  surmounts  all  these  obstacles  in  its  stride. 
Moderate  quantities  of  both  phosphorus  and  sulphur  can  be  simply  and 
cheaply  refined  from  the  molten  metal ;  a  charge  of  all  mild-steel  scrap 
can  be  used  ;  irregular  charges  can  be  conveniently  dealt  with,  as  refining 
of  any  degree  is  practicable  ;  there  is  little  wear-and-tear  on  the  lining, 
as  the  metal  is  not  greatly  agitated  and  the  slag-line  can  be  kept  at  a 
constant  level.  The  type  of  electric  furnace  should  be  chosen  for  its 
mechanical  qualities  rather  than  for  its  electric.  It  is  extremely  doubtful 
whether  any  advantage  whatever  exists  in  any  electric  furnace  over  any 
other  save  in  so  far  as  the  general  considerations  have  been  followed  of 
simplicity,  reliability,  strength,  and  heat-resisting  and  heat  -  retaining 
qualities  which  govern  the  design  of  all  high-temperature  furnaces.  Of 
course,  the  metallurgical  qualities  only  are  here  referred  to ;  naturally,  the 
form  of  electric  power  available  will  affect  the  question  of  whether  a 
furnace  using  direct  or  alternating  current  should  be  chosen.  Thus  in  New 
Zealand,  where  the  power  will  usually  be  derived  from  three-phase  supply, 
a  furnace  using  alternating  current  will  be  found  most  suitable.  Whether 
that  current  is  one,  two,  or  three  phase  is  immaterial.  The  single-phase 
furnace  will  require  a  dearer  type  of  transforming  apparatus,  but  this  is 
compensated  for  by  the  cheaper  arrangement  of  the  furnace  itself.  Induc¬ 
tion  furnaces  are  not  so  well  suited  for  refining  purposes  as  the  arc  type, 
because  it  is  impossible  to  pour  off  all  the  slag ;  nor  are  they  so  convenient 
for  general  foundry  use.  The  tilting  furnaces  of  the  arc-resistance  type 
are  certainly  preferable  from  the  foundry  point  of  view,  and  the'  makes 
personally  preferred  are  the  Snyder  and  the  Electro-Metals.  The  Snyder 
is  an  American-built  furnace  of  simple,  rugged  construction,  using  single¬ 
phase  current  through  a  single  vertical  electrode,  and  this  results  in  the 
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closest  approach  to  the  desirable  spherical  shape  and  to  the  still  more 
desirable  “fool-proof”  construction.  The  Electro  -  Metals  furnace  is  a 
British  two-phase,  two-electrode  type,  and  probably  has  more  metallurgical 
and  electric  furnace  experience  behind  its  design  than  any  other  type. 
Whatever  furnace  is  chosen  should  have  a  removable  dome-shaped  roof 
of  silica  bricks  at  least  10  in.  thick,  and  the  hearth  should  be  lined  with 
basic  material  in  order  to  enable  sulphur  and  phosphorus  to  be  removed. 
In  modern  practice  magnesite  seems  to  be  preferred  over  dolomite  for 
basic  lining,  but  in  any  case  the  lining  shpuld  be  laid  on  in  sections 
and  not  in  one  piece.  The  size  of  furnace  desirable  will  probably  be  the 
2-ton  size,  as  this  is  suitable  in  foundry  practice  for  an  output  of  500-800 
tons  per  annum.  Ample  power  should  be  arranged  for,  certainly  not  under 
600  kilowatts,  and  750  would  probably  be  better  still  for  this  size  furnace 
under  New  Zealand  conditions.  The  advantage  of  the  electric  furnace  for 
these  conditions  is  chiefly  that  it  enables  a  charge  of  cheap  mild-steel 
scrap  to  be  used  without  any  expensive  pig  additions,  and,  further,  that 
the  baneful  sulphur  (and  phosphorus)  can  be  easily  removed.  A  typical 
charge  would  consist  of  60  per  cent,  mild-steel  scrap  and  40  per  cent, 
foundry-steel  scrap.  This  would  be  charged  cold  into  the  furnace  and 
would  take  under  1,200  units  per  ton  to  melt  and  refine,  or  if  current  costs 
fd.  per  unit  at  the  furnace  and  the  yield  of  castings  is  60  per  cent,  of  the 
molten  metal  the  cost  of  electric  energy  per  ton  of  finished  castings  would 
be  about  £3.  This  figure  can  probably  be  improved  upon  in  certain 
cases  where  power  is  obtained  from  an  electric-power  system  of  large 
capacity  and  where  it  may  be  possible  to  avoid  working  the  furnace  during 
peak  load.  However,  the  chief  aim  is  to  show  that  in  this  industry,  as 
in  every  other,  the  cost  of  power  is  quite  a  small  percentage  of  the  total 
cost  of  production.  The  heaviest  charges  in  a  steel-foundrv  are  incurred  on 
the  moulding-floor,  and  nothing  must  be  done  which  will  interfere  with 
the  cheapest  and  most  convenient  routine  in  that  department.  Electrical 
engineers,  in  their  desire  to  avoid  peak  loads,  speak  of  the  brilliant  savings 
that  will  be  made  in  the  power-costs  if  the  melting  is  done  at  night  and 
pouring  in  the  early  morning,  but  this  is  a  fallacy  where  steel  castings 
are  concerned.  Undoubtedly,  pouring  in  the  afternoon  and  leaving  the 
castings  in  the  mould  all  night  is  the  correct  procedure  to  adopt  in  small 
foundries.  Even  quite  small  castings  should  be  allowed  to  cool  gradually 
through  nine  or  more  hours  before  being  taken  from  the  sand,  and  if 
pouring  is  done  in  the  morning  this  can  only  be  arranged  for  by  having 
a  double  stock  of  boxes  and  a  double  area  of  floor.  This  arrangement 
will,  of  course,  greatly  increase  the  capital  cost  of  the  plant,  but  will  also 
increase  the  working-costs,  as  the  floor  will  be  unwieldy  and  the  few 
shillings  saved  in  the  bill  for  current  will  be  overbalanced  by  pounds  lost 
on  the  moulding  side.  Assuming,  then,  that  current  is  obtained  at  the 
high  rate  of  §d.  per  unit  and  the  cost  of  power  per  ton  of  finished  castings 
is  £3,  molten  metal  of  high  and  suitable  quality  will  be  obtained  for  £8 
to  £9  per  ton  in  the  ladle,  or  almost  as  cheaply  as  the  poorest  and  cheapest 
metal  from  a  converter,  and  distinctly  more  cheaply  than  metal  of  reason¬ 
ably  good  casting  quality  can  be  obtained  by  any  other  process  than  the 
electric  under  the  conditions  assumed.  The  selling-price  of  the  castings 
is,  of  course,  another  story,  depending  on  moulding  practice  and  on  the 
output  obtained.  At  the  outset,  and  with  a  small  business  of  about 
200  tons  per  year,  a  price  of  £25  a  ton  for  straightforward  work  should 
be  obtained  There  will  naturally  be  a  desire  on  the  part  of  the  owner 
of  such  electric  furnaces  to  increase  the  yield,  and  as  such  increase  can 
only  come  gradually  from  the  foundry  side  it  is  wise  to  consider  other 
possibilities.  A  small  rolling-mill  for  bar  iron  naturally  suggests  itself, 
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but  the  difficulty  of  obtaining  sufficient  scrap  at  once  crops  up.  There 
is,  of  course,  already  a  demand  in  New  Zealand  for  more  mild-steel  and 
wrought-iron  scrap  than  can  be  obtained,  and,  while  a  small  foundry  could 
afford  to  pay  a  good  enough  price  to  ensure  its  supply,  a  small  rolling-mill 
is  differently  situated.  If  the  electric  furnace  could  decarbonize  and  then 
refine  cheap  pig  of  the  white  variety  such  as  can  be  bought  at  ordinary 
times  for  about  £2  a  ton  f.o.b.  English  ports,  then  the  solution  is  in  sight. 
But  is  it  possible  to  do  this  ?  Freak  combinations  of  the  electric  furnace 
with  the  converter  or  open  hearth  have  frequently  been  patented,  but  the 
boil  that  accompanies  the  removal  of  carbon  by  air  or  ore  is  bound  to 
seriously  increase  the  wear  of  linings  if  carried  out  in  an  electric  furnace. 
The  obvious  solution  is  the  preparation  of  molten  decarbonized  metal  in 
the  cupola  and  small  side-blown  converter,  followed  by  a  refining  treatment 
in  an  electric  furnace.  The  cheapest  grade  of  white  pig  could  be  used 
(such  metal,  for  instance,  as  will  be  obtained  by  any  small  blast  furnace 
using  a  briquetted  or  sintered  product  of  Taranaki  ironsand,  if  only  such 
metal  could  be  obtained  for  50s.  instead  of  100s.  per  ton)  with  any  scrap 
that  is  offering,  and  the  sulphur  and  phosphorus  could  be  fluxed  out  with 
the  expenditure  of  about  400  units  per  ton  (or,  say,  8s.  4d.  per  ton  for 
electric  energy).  With  the  greatly  increased  output  which  would  result  from 
the  addition  of  even  a  small  rolling-mill  very  much,  lower  charges  for  molten 
metal  would  be  ensured,  and  the  small  foundry  would  then  become  a  pro¬ 
fitable  side-issue  of  the  mill.  In  such  an  enterprise  it  is  probable  that 
most  of  the  ingots  could  be  melted  and  poured  at  night,  but  the  dazzling 
picture  of  how  many  millions  a  year  could  be  saved  thereby  in  the  cost 
of  electric  current  can  only  be  properly  painted  by  an  electrical  engineer. 
The  more  prosaic  task  of  showing  that  the  electric  furnace  is  now  a 
reasonable  commercial  proposition  for  a  small  cast-steel  foundry  in  New 
Zealand  has  been,  let  usffiope,  successfully  aimed  at  in  this  paper. 

One  point  of  a  general  nature  remains  to  be  ventilated — the  location,  . 
quality,  and  distribution  of  moulding-sands.  This  is  a  subject  on  which 
information  is  badly  wanted.  Recently  the  way  has  been  cleared  con¬ 
siderably  by  research  work  published  in  England  upon  the  essential  qualities 
of  these  sands,  and  something  is  now  known  of  the  chemical  analysis  and 
physical  structure  desirable.  The  Geological  Survey  Department  should 
get  into  touch  with  the  foundrymen  and  obtain  samples  of  the  sands  and 
mixtures  at  present  in  use  in  New  Zealand  foundries.  Armed  with  know¬ 
ledge  of  the  analysis  and  structure  of  these  sands,  the  surveyors  of  that 
Department  would  be  in  a  position  to  recognize  likely  deposits  when  they 
came  across  them,  and  it  would  be  a  simple  matter  to  arrange  for 
exhaustive  trials  in  practical  work  of  any  sands  approaching  the  quality 
suitable  for  either  steel  or  iron  moulding.  Thus  important  information 
of  real  industrial  value  would  be  made  available,  and  a  forward  step  be 
made  in  the  great  crusade  on  which  depends  so  much  the  future  welfare 
of  the  whole  British  nation — the  application  of  industrial  knowledge  to 
science,  and  the  consequent  killing  of  that  spent  attitude  of  “  splendid 
isolation  ”  from  anything  practical  or  useful  which  has  characterized  the 
majority  of  our  scientific  workers  in  the  past  and  prevented  full  use  being 
made  of  the  magnificent  discoveries  of  their  genius.  Possibly  it  is  a  fact 
of  good  omen  for  this  Dominion  that  to-day  the  first  and  foremost  scientist 
of  the  world  in  the  field  of  foundry-work  is  a  New-Zealander,  a  chemist 
educated  in  our  technical  schools  and  University,  whose  name  is  worthy 
of  being  inscribed  beside  Rutherford’s  on  our  yet  scanty  roll  of  fame — 
Dr.  Mellor,  whose  colossal  help  towards  supplying  Britain  with  an  adequate 
output  of  munitions  will  surely  be  suitably  recognized  by  the  nation  in  the 
near  future. 
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SHELL-MIDDENS  OF  THE  WELLINGTON  DISTRICT. 

By  Elsdon  Best,  Dominion  Museum,  Wellington. 

The  old  Maori  sliell-middens  of  this  district  have  never  been  conspicuous 
objects  since  the  European  occupation,  and  have  attracted  but  little  atten¬ 
tion,  save  in  the  case  of  a  few  enthusiasts,  such  as  Messrs.  H.  N.  McLeod, 
H.  M.  Christie,  and  Beckett.  These  “  remains  of  former  scarcity,"  as  they 
were  styled  by  the  Rev.  R.  Taylor,  or  “  remains  of  former  plenty,”  as  they 
were  called  by  Mr.  Colenso,  were  probably  never  prominent  features,  inas¬ 
much  as  this  district  must  always  have  been  somewhat  scantily  peopled 
in  pre-European  times.  A  numerous  native  population  could  exist  only 
in  such  regions  as  provided  facilities  for  extensive  cultivation  of  the  humara 
(I'pomoea  Batatas),  and  such  conditions  were  assuredly  not  found  in  the 
Land  of  Tara.  Hence  we  do  not  here  meet  with  the  great  mounds  of  shell 
refuse  that  may  be  seen  in  some  other  districts. 

Not  only  are  the  middens  of  this  district  of  small  dimensions,  but  in 
many  cases  they  have  become  wholly  or  partially  concealed  by  debris, 
more  especially  since  the  advent  of  Europeans.  As  many  of  the  hamlets 
of  the  neolithic  Maori  were  situated  on  high-lying  slopes,  spur-tops,  and 
cliff-heads  in  the  vicinity  of  the  sea-beach,  it  follows  that  we  have  many 
talus  middens  in  this  area.  Nothing  pleased  the  Maori  housewife  more 
than  to  have  a  cliff-liead  or  steep  slope  handy  to  her  home  over  which  she 
could  throw  all  refuse.  This,  then,  was  in  many  cases  the  rukenga  Tcainga 
of  the  hamlet,  where  all  refuse  was  thrown,  and  the  clatter  of  a  basket  of 
shell  refuse  down  a  rocky  cliff-face  has  passed  into  a  proverbial  saying 
concerning  noise. 

In  course  of  time  a  fan-shaped  shell-midden  would  develop  below  such 
a  hamlet  or  pa,  but  as  all  such  high-lying  villages  were  abandoned  nearly 
a  hundred  years  ago  such  shell  deposits  have  since  become  covered  with 
detritus  from  cliffs  and  steep  slopes,  or  in  some  cases  with  a  sward  of 
grass.  Local  formations  commonly  lend  themselves  to  disintegration  by 
erosion  and  frittering  processes,  which  have  been  much  accelerated  by  our 
well-known  mania  for  burning  and  otherwise  destroying  the  native  flora, 
even  on  land  utterly  useless  for  grazing  purposes.  The  creep  of  such 
debris  has  in  many  cases  covered  and  quite  concealed  old  shell-middens 
of  past  centuries.  The  road-maker  and  the  house-builder  occasionally 
open  up  one  of  these  old  relics  of  the  stone  age,  but  a  second  obliteration 
speedily  follows. 

An  examination  of  this  district  many  years  ago  showed  that  native 
occupation  in  the  past  was  principally  confined  to  the  Miramar  Peninsula, 
the  outer  coast-line,  and  that  part  of  the  harbour-shores  lying  between 
Muritai  and  the  mouth  of  the  Heretaunga  or  Hutt  River.  The  apparently 
desirable  situation  on  the  terrace-like  formation  at  Thorndon  did  not  appeal 
to  the  Maori,  for  some  reason.  The  small  amount  of  shell  refuse  seen  by 
early  European  settlers  from  Nga  Pakoko  (south  end  of  Mulgrave  Street) 
to  the  foot  of  Tinakori  Road  showed  that  no  considerable  population 
ever  resided  there,  though  the  beach  known  as  the  One  i  Haukawakawa 
(sand  beach  at  Haukawakawa)  was  well  stocked  with  cockles  ( Chione ),  as 
the  writer  remembers  full  well.  This  beach  now  lies  somewhere  below 
the  Thorndon  railway-station  and  its  environs.  Prior  to  the  upheaval  of 
these  lands  that  transformed  Motukairangi  Island  into  Miramar  Peninsula 
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the  waters  of  the  harbour  must  have  laved  the  base  of  Thorndon  bluff  from 
Pa-kuao  to  Nga  Pakoko,  but  after  that  event  space  for  hamlets  would  be 
found  at  the  base  of  the  bluff.  The  same  upheaval  must  have  lifted  a 
certain  area  of  Te  Aro  Plat  above  water,  but  no  shell-middens  of  any  extent, 
ancient  or  modern,  were  seen  in  that  vicinity  by  our  pioneer  settlers. 

Judging  from  the  remains  found  in  local  middens,  it  is  fairly  evident 
that  the  native  population  of  this  district  relied  principally  on  fish  as  a 
food-supply,  and  that  shell-fish  occupied  a  secondary  place.  This  would 


account  for  the  favoured  places  of  residence  being  on  or  adjacent  to  the 
outer  coast-line,  for  natives  tell  us  that  the  best  fishing-grounds  were  out¬ 
side  the  harbour-limits.  Thus,  as  was  usual,  all  the  famed  toka  Jia'puku 
(cod-rocks)  outside  the  Heads  had  special  names  assigned  to  them.  Some 
good  cockle-banks  (tahuna  pipi)  existed  within  the  harbour,  but  most  of 
the  outer  coast-line  consists  of  rocky  shores  that  provided  only  univalve 
shell-fish  in  any  quantity.  No  local  beach  provided  the  great  quantities 
of  food  that  were  furnished  by  the  cockle-banks  accessible  to  natives 
dwelling  on  the  coast-line  at  such  places  as  Waikanae,  the  Bay  of  Plenty, 
Manakau,  and  many  others. 
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In  Captain  Cook’s  account  of  his  sojourn  at  Mercury  Bay  lie  remarks, 
“  Wherever  we  went,  whether  upon  the  hills  or  in  the  vallies,  the  woods  or 
the  plains,  we  saw  vast  heaps  of  shells,  often  many  waggon  loads  together, 
some  appearing  to  be  very  old,  and  others  recent/' 

On  the  shores  of  Evans  Bay,  the  Hataitai  Peninsula  (Miramar),  Lyall 
Bay,  &c.,  many  small  shell-middens  and  areas  of  mixed  refuse  were  formerly 
seen,  as  at  Kilbirnie  (near  Wellington  Road),  below  the  Crawford  home¬ 
stead,  Karaka  Bay,  Seatoun,  Maranui,  &c.,  but  the  two  most  prominent 
ones  were  those  at  Tarakena  and  Owhiro,  now  almost  obliterated.  Many 
deposits  of  this  kind  were  concealed  by  debris,  others  by  grass  or  other 
herbage,  while  a  considerable  number  cannot  be  termed  shell  middens  or 
heaps,  but  merely  show  shells,  oven-stones,  and  other  refuse  mixed  with 
the  soil.  It  is  in  such  places  as  the  latter  that  the  suburban  gardener 
exposes  the  dwelling-places  of  neolithic  man,  and  occasionally  unearths 
some  interesting  implement  of  the  old-time  Maori. 

The  midden  at  Tarakena,  the  old  Pilot  Station  on  the  coast-line  between 
Lyall  Bay  and  the  Heads,  is  situated  at  the  mouth  of  a  gully  lying  between 
two  bluff-ended  spur-points,  which  is  in  itself  a  fact  of  some  interest.  The 
hills  above  the  bluffs  on  either  side  have  undoubtedly  been  occupied  by 
natives  in  the  past,  that  on  the  western  side  yet  showing  a  series  of 
terraced  hut-sites  and  the  eroded'  remains  of  a  defensive  scarp.  The  hill 
on  the  eastern  side  is  Palmer  Head.  From  these  villages  all  refuse  has 
assuredly  been  cast  over  the  cliff-heads,  after  the  Maori  manner,  and  now 
lies  buried  under  much  detritus.  The  midden  at  the  gully-mouth  has, 
however,  been  formed  by  a  people  occupying  the  low-lying  land  near  it, 
and  not  by  people  dwelling  in  the  hill  villages.  A  considerable  number 
of  suck  middens,  situated  in  indefensible  places,  tend  to  prove  that  the 
native  occupants  of  the  Wellington  and  Porirua  districts  must  have  enjoyed 
extended  periods  of  peace,  during  which  they  were  not  compelled  to  live 
in  fortified  places.  This  applies  more  especially  to  Porirua. 

The  shells  found  in  the  Tarakena  midden  are,  as  we  should  expect, 
nearly  all  univalves,  and  consist  principally  of  Haliotis,  Turbo,  and  Hel- 
cioniscus.  But  one  Mytilus  was  seen  at  this  place  ;  and,  indeed,  this  genus 
is  extremely  rare  in  all  local  middens,  as  also  those  of  Porirua,  with  the 
exception  of  those  of  Som.es  Island.  Seldom  are  they  found  entire,  and  it 
is  possible  that  they  perish  much  quicker  than  other  species.  Inasmuch 
as  these  mussels  live  packed  closely  together,  they  do  not  receive  the  rude 
buffeting  that  many  other  species  do,  hence  the  .shell  is  comparatively  thin 
and  presumably  decays  sooner.  The  shells  of  Astraea  sulcata  and  Glycymeris 
laticostata,  as  seen  at  Mana  Island  and  Komanga-rautawhiri  respectively, 
are  marvels  of  durable  strength.  Very  few  Chione  shells  are  seen  in  the 
middens  on  the  coast-line  from  Wellington  Heads  westward  ;  apparently 
the  inhabitants  of  these  parts  did  not  make  a  practice  of  visiting  the 
cockle  -  bearing  sandy  beaches  of  the  harbour.  It  is  quite  possible  that 
such  an  act  would  have  been  a  trespassing  on  clan  rights,  a  serious  matter 
in  Maori  eyes. 

At  Tarakena  are  also  seen  the  usual  fish-bones  and  bird-bones,  as  also 
broken  and  discarded  oven-stones  that  have  been  shattered  by  heat  and 
hence  thrown  away  :  these  are  very  numerous  at  some  old  village-sites, 
as  at  Titahi  and  Hongoeka.  Waterworn  stones  of  convenient  size  and  of 
a  nature  that  would  withstand  heat  without  cracking  or  exploding  were 
ever  much  sought  after,  and  in  some  cases  were  obtained  from  distant 
places.  A  gift  of  good  durable  oven-stones  was  not  an  uncommon  feature 
in  interclan  communication  in  some  districts. 
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It  is  a  fact  of  some  interest  to  note  that  jaw-bones  of  the  tuatara  lizard 
have  been  found  in  a  number  of  middens  and  old  steam-ovens  on.  the 
Miramar  Peninsula.  It  is  quite  possible  that  the  former  inhabitants  of 
these  parts  utilized  the  creature  as  a  part  of  their  food-supplies,  as  the 
natives  of  the  Bay  of  Plenty  district  undoubtedly  did.  At  some  time  in 
the  past  the  tuatara  must  have  existed  here  in  considerable  numbers,  and 
some  were  caught  by  early  settlers,  as  recorded  in  various  publications. 
One  was  seen  on  Somes  Island  about  the  year  1877,  and  the  writer  has  been 
informed  that  one  was  actually  caught  am.ong  rocks  above  high-water  mark 
at  Miramar  in  1916. 

Bones  and  fragments  of  egg-shell  of  the  moa  have  also  been  found  at 
Miramar,  and  at  least  one  implement  of  moa  bone,  though  there  does  not 
appear  to  be  any  conclusive  evidence  that  these  creatures  existed  here 
since  the  advent  of  the  Maori. 

The  Owhiro  Middens. 

Two  interesting  middens  formerly  existed  at  the  mouth  of  the  Owhiro 
Stream,  a  short  distance  west  of  Island  Bay,  but  both  are  now  practically 
things  of  the  past,  owing  to  the  attentions  of  sand-carters.  On  the  western 
side  of  the  stream,  are  the  scant  remains  of  a  talus  midden,  the  natives 
having  evidently  lived  on  the  spur  above  and  thrown  their  refuse  over  the 
head  of  the  steep  bluff.  Sand-shovelling  operations  exposed  the  buried 
shells.  On  the  eastern  side  of  the  little  bay  was  another  talus  midden,  as 
also  a  village-site.  This  has  been  one  of  the  favoured  places  of  residence 
in  former  times.  Such  refuse-heaps  naturally  afford  no  evidence  as  to 
the  vegetable-food  supplies  of  the  natives  who  formerly  occupied  these 
hamlets,  except  in  the  case  of  large  waterworn  stones  that  were  used  as 
anvils  for  pounding  roots  on,  the  edible  rhizome  of  the  common  fern  or 
bracken  ( Eteris  aquilina).  In  these  middens  fish-bones  were  found  to  be 
numerous,  and  bird-bones  were  also  seen,  as  also  part  of  a  skull  of  Delphinus 
forsteri.  The  following  shells  were  found  :  Turbo  smaragdus,  Haliotis  iris, 
H.  australis ,  Helcioniscus ,  Thais  haustrum,  Astraea  sulcata,  Cominella, 
Monodonta,  Chione  stutchburyi,  Evechinus,  and  Mytilus.  Of  these,  Turbo 
were  seen  in  the  greatest  numbers,  while  Haliotis  and  Helcioniscus  shells 
were  also  numerous.  Chione  and  Mytilus  were  of  rare  occurrence,  and  the 
fragile  shells  of  Evechinus  were,  as  usual,  only  seen  in  the  form  of  frag¬ 
ments,  for  two  obvious  reasons.  Astraea .  are  much  more  numerous  in 
Porirua  middens  than,  in  local  ones.  Such  small  shells  as  Monodonta  and 
Turritella  do  not  represent  a  former  food-supply,  but  they  were  collected 
by  children,  who  are  said  to  have  eaten  them  as  a  sort  of  ’tween-meals 
recreation,  much  as  many  of  us  were  wont  to  consume  such  berries  as 
those  of  supplejack,  honini,  tuhuhi,  and  tatva. 

Other  objects  found  in  these  Owhiro  middens  were  the  jaw-bone  of  a 
dog,  pieces  of  worked  whales’  bone  and  of  pumice,  an  autoru  or  stone  ochre- 
muller,  and  many  sharp-edged  flakes  of  greywacke  showing  marks  of  per¬ 
cussion.  A  stone  hammer  was  also  found,  while  waterworn  oven-stones, 
manv  of  them  fractured  bv  fire,  were  numerous.  A  diminutive  and 
beautifully  formed  greenstone  chisel  or  graving-tool  was  found  in  the 
midden  on  the  western  side  of  the  creek. 

The  small  shell-midden  formerly  seen  at  Sinclair  Head  has  been  ob 
literated  by  debris  from  the  steep  hillside  above,  but  an  old  village-site  at 
the  mouth  of  the  Karori  Stream  is  still  in  evidence,  and  has  furnished  a 
number  of  stone  implements  to  the  relic-seeker.  Farther  on,  at  Wai-ariki, 
Oterongo,  Ohau,  Te  Ika-a-Maru,  and  Owhariu,  are  seen  small  shell-heaps 
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or  shells  mixed  with  other  debris  and  earth  on  old  village- sites,  but  nothing 
that  calls  for  special  remark.  The  shells  most  frequently  seen  at  these 
village-sites  were  those  of  the  genera  Haliotis,  Turbo,  Helcioniscus,  Thais, 
Astraea,  and  Evechinus.  The  sandy  area  at  Owhariu  Bay  has  been  a 
favoured  place  of  residence  for  centuries,  but  all  shell  refuse  has  become 
scattered  and  mixed  with  sand  and  light  soil.  On  the  long  stretch  of 
coast-line  from  Owhariu  to  Tutamahurangi,  or  Tomahawk  Point,  about 
three  miles  south  of  Titahi,  a  distance  of  six  miles  or  so,  no  such  signs  of 
native  occupation  are  seen,  the  coast-line  being  unsuitable  for  settlement. 

From  Muritai  to  the  mouth  of  the  Hutt  River  are  the  sites  of  several 
villages  of  former  native  inhabitants,  but  few  signs  of  that  occupation  are 
now  observed.  In  the  few  deposits  of  shell  refuse  still  seen  we  meet  with 
Chione  in  considerable  numbers. 

Somes  Island  Middens. 

A  visit  to  this  island  in  May,  1915,  provided  an  opportunity  of  examining 
two  interesting  middens.  The  occupation-sites  on  the  island  have  evidently 
been  confined  to  the  upper  part  of  the  ridge  and  to  its  lower-lying  northern 
end.  At  the  latter  place  the  remains  of  a  fortified  village  are  still  seen, 
and  Wairarapa  natives  state  that  it  was  named  Te  Moana-a-kura.  Another 
such  village  formerly  stood  on  the  site  of  the  buildings  now  occupied  by 
German  prisoners  and  military,  and  this  was  named  Haowhenua.  These 
villages  are  said  to  have  been  occupied  by  some  of  the  Ngati-Ira  tribe,  and, 
in  their  day,  the  chiefs  Te  Whakumu  and  Te  Rongo-tumamao  lived  here. 

The  road  formed  from  the  landing-place  up  to  the  barracks  has  been 
cut  through  a  small  midden  near  the  old  Haowhenua  pa.  In  this  heap  of 
shell  refuse,  long  overgrown  with  grass,  were  found  fish-bones  and  bird- 
bones,  and  the  following  shells  :  Mytilus  canaliculus  and  M.  edulis  (most 
numerous)  ;  Amphibola  crenata  (numerous)  ;  Evechinus  (fairly  numerous)  ; 
Turbo,  Haliotis  iris,  Cominella  maculata,  Astraea  sulcata ,  Monodonta  aethiops, 
Mesoclesma  ventricosum,  Ostrea,  Turritella,  Thais  succincta,  T.  haustrum, 
and  Helcioniscus  (few). 

We  here  meet  with  numbers  of  Amphibola  crenata,  which  must  have 
been  brought  over  from  the  mouth  of  the  Hutt  and  Waiwhetu  Rivers,  the 
only  place  in  the  harbour  frequented  by  them.  It  is  puzzling  to  find  no 
Chione  here,  brought  from  the  sand  beaches  that  contained  them,  such 
as  Haukawakawa.  The  bulk  of  the  shell-fish  used  here  evidently  con¬ 
sisted  of  the  two  species  of  Mytilus,  and  here  we  find  the  shells  much  better 
preserved,  possibly  because  these  middens  have  not  been  subjected  to 
trampling  by  stock  and  man,  as  have  those  of  the  mainland.  It  is  also 
possible  that  portions  of  these  deposits  are  due  to  late  occupation  by  the 
Ngati-Awa  folk  (1825-40).  Mussels  are  numerous  on  the  rocks  off  shore. 
Apart  from  the  first  four  species,  of  three  genera,  the  number  of  shells  seen 
was  inconsiderable.  The  few  Mesodesma  seen  were  presumably  obtained 
from  the  mainland. 

Near  the  above  midden  is  a  small  terrace-like  formation  that  probably 
represents  a  hut-site,  and  a  few  levelled  places  on  the  western  slope  may 
have  had  a  like  origin.  On  this  side  also  appear  to  be  the  remains  of  two 
old  food-storage  pits  of  the  semi-subterranean  type,  and  two  more  are 
plainly  discernible  on  the  hill  forming  the  high  part  of  the  island  at  the 
south  end.  These  may  have  been  in  existence  in  pre-European  days  as 
storage-places  for  Jcumara  ( Ipomoea  Batatas),  or  may  merely  date  from  the 
introduction  of  the  potato.  The  gently  sloping  ground  south  of  the 
barracks  has  probably  been  cultivated  in  past  times. 
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A  little  seepage  water  is  seen  in  the  gully  near  the  lighthouse,  but  the 
water-supply  of  the  two  villages  was  evidently  the  spring  near  the  landing- 
place,  on  the  eastern  side  of  the  isle. 

A  few  shells  of  Glycymeris  and  Cantharidus  were  noted  on  the  beach 
of  the  isle,  though  none  were  found  in  the  middens.  A  few  shells  of  Meso- 
desma  australe,  Chione  stutchburyi,  and  C.  costata  seen  on  the  beach  were 
doubtless  the  effect  of  drift. 

The  Moana-a-kura  Midden. 

The  northern  end  of  the  ridge  forming  Somes  Island  narrows  consider¬ 
ably,  dips  somewhat  steeply,  and  then  continues  as  a  narrow  spur,  the 
crest  of  which  is  fairly  level  for  about  100  yards.  Across  this  spur,  about 
half-way  along,  a  trench  or  fosse  about  8  ft.  wide  has  been  dug,  the  spoil 
therefrom  having  been  utilized  to  form  a  rampart  on  the  northern  side 
of  the  fosse.  This  inner  scarp  is  now  from  3  ft.  to  5  ft.  in  height,  having 
suffered  much  from  erosion,  and  has  been  destroyed  in  one  place  by  modern 
roadmakers.  The  sides  of  the  spur  northward  of  this  defence  have  been 
formed  into  small  terraces  to  serve  as  hut-sites.  Supplementary  defences 
consisting  of  stockades  would  protect  the  terraces  and  prevent  passage 
along  the  spur.  Holes  are  seen  wherein  stockade  posts  have  decayed,  and 
a  much-decayed  post-butt  was  dug  out  in  one  place.  Apparently  this  post 
had  been  set  in  an  oblique  position,  leaning  outward  over  the  steep  western 
slope,  which  has  led  one  to  conclude  that  the  defence  here  was  that  singular 
form  of  outward-leaning  stockade  sometimes  utilized  by  the  Maori,  and 
termed  by  him  a  matahcio.  The  defended  area  is  about  fifty  paces  in  length 
and  of  a  varying  width.  Both  the  eastern  and  western  sides  of  the  spur  are 
abruptly  steep,  and  could  be  easily  defended.  Shell  refuse  is  seen  on  the 
slopes  below.  The  slope  down  to  the  bluff  overhanging  the  beach  at  the 
northern  extremity  of  the  spur  'shows  five  terraces  utilized  as  hut-sites, 
and  there  is  also  shell  refuse. 

At  the  base  of  the  cliff  on  the  western  side  of  this  old  fortified  position 
is  a  talus  midden  which,  when  examined,  had  just  been  exposed  to  view  by 
some  excavation  performed  by  the  prisoners.  The  shell  and  other  refuse 
has  been  thrown  over  the  cliff-head  from  the  village  above,  and  found  a 
resting-place  on  the  talus  slope  below.  There  it  had  become  covered  and 
concealed  from  view  by  debris  from  the  cliff-face,  probably  since  the  village 
was  abandoned. 

The  most  numerous  species  of  shells  here  are  Mytilus  canaliculus  and 
M.  edulis,  evidently  of  local  origin.  A  considerable  number  of  the  shells 
of  these  species  are  still  sound  and  entire,  a  rare  occurrence  in  this  district. 
Those  of  the  first-named  species,  being  the  stronger  shell,  are  the  more 
numerous  among  entire  specimens.  These  whole  shells  are  very  much  more 
numerous  here  than  in  the  upper  or  Haowhenua  midden,  and  this  may  be 
owing  to  their  being  much  better  protected  from  molestation,  or  to  the  fact 
that  they  betoken  a  later  occupation.  The  element  of  exposure  has  to  be 
considered,  and  the  lower  midden  may  have  become  covered  soon  after  the 
abandonment  of  the  village,  which  would  tend  to  preservation,  whereas  the 
upper  midden,  situated  on  a  very  gentle  slope,  received  no  protecting  deposits 
of  detritus  and  may  not  have  been  covered  until  Europeans  levelled  the  site 
for  the  old  Quarantine  Station.  The  relative  date  of  middens  is  a  difficult 
question  to  settle.  Although  we  know  that  some  of  Ngati-Awa  were  living 
on  the  island  in  1835,  when  they  cut  off  the  “  Rodney  ”  and  compelled  the 
captain  to  transport  many  of  them  to  the  Chatham  Islands,  yet  no  articles 
of  European  manufacture  were  found  in  the  two  middens  examined. 
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Amphibola,  so  numerous  in  the  upper  midden,  are  here  seen  in  but  scant 
numbers.  A  goodly  number  of  Turbo  were  found,  as  also  Haliotis  iris,  but 
of  H.  australis  but  one  lone  specimen.  Ostrea,  Cominella,  and  Thais  were, 
present,  with  a  few  Mesodesma  and  Chione.  The  Monodonta  and  Turritella 
seen  could  scarcely  have  formed  part  of  the  food-supply,  so  small  are  they. 

The  following  shells  are  found  in  the  Moana-a-kura  midden  :  Mytilus 
canaliculus  and  M.  edulis  (most  numerous)  ;  Haliotis  iris  (fairly  numerous)  ; 
H.  australis  (one  only)  ;  Thais  haustrum  and  T.  succincta  (not  numerous)  ; 
Turbo  smaragdus  (numerous)  ;  Cominella  maculosa,  Helicioniscus,  Amphibola 
crenata,  Ostrea,  and  Mesodesma  novae-zelandiae  (not  numerous)  ;  Evechinus 
(fragments)  ;  Astrea  sulcata,  Siphonalia  mandarina,  Turritella,  Monodonta 
aethiops,  Chione  stutchburyi,  and  C.  costata  (very  few)  ;  Septa  rubicunda 
(one  only). 

The  Turbo  were  probably  a  local  production,  and  the  Amphibola,  Meso¬ 
desma,  and  Chione  from  the  mainland,  while  the  lone  Septa  may  have 
been  brought  from  some  distant  place,  possibly  as  a  prize.  Its  congener, 
S.  tritonis ,  the  largest  of  univalves,  is  found  in  Polynesia,  and  occasionallv 
on  the  Ahipara  beach,  North  Auckland.  It  was  highly  prized  by  the 
natives,  who  used  it  as  a  trumpet,  attaching  a  wooden  mouthpiece  for 
that  purpose.  The  specimen  of  S.  rubicunda  above  mentioned  has  un¬ 
doubtedly  been  used  for  the  same  purpose.  As  was  usual  in  the  manu¬ 
facture  of  these  pu  tatara,  or  shell  trumpets,  the  apex  of  the  whorl  has  been 
broken  off  and  the  fractured  edge  ground  smooth  to  a  common  level.  Near 
the  rim  three  holes  have  been  bored  to  accommodate  the  lashing  whereby  the 
wooden  mouthpiece  was  secured.  This  piece  was  probably  removed  ere  the 
shell  was  thrown  away,  which  was  owing  to  it  having  been  broken,  thus 
rendering  it  useless  as  a  wind  instrument.  The  inner  part  of  the  whorl  had 
been  broken  through  when  the  instrument  was  fashioned,  so  that  the  desired 
sound  might  be  produced.  For  some  reason  the  Maori  never  fitted  the  mouth¬ 
piece  to  the  side  of  the  whorl,  as  was  the  practice  in  Fiji  and  Polynesia. 

Other  objects  found  in  this  midden  were  human  bones,  dog-bones, 
fish-bones,  a  stone  cutter  or  graver,  a  piece  of  gneiss  (a  foreign  stone), 
and  a  piece  of  worked  timber,  probably  part  of  a  door,  with  a  pierced 
hand-clutch.  The  dog-bones  were  deeply  buried,  and  are  probably  those 
of  the  old  kuri  maori,  or  native  dog  ;  they  include  a  well-preserved  jaw¬ 
bone  with  its  complement  of  teeth.  Broken  oven-stones  and  charcoal, 
refuse  taken  from  the  steaming  pits  prior  to  each  meal  being  cooked,  were, 
as  usual,  scattered  throughout  the  midden. 

The  Atiawa  natives  of  Waiwhetu  term  Amphibola  crenata  the  takarepo, 
but  it  is  known  among  other  tribes  as  titiko,  whetiko,  and  several  other 
names. 

A  few  small  deposits  of  shell  refuse  east  of  the  mouth  of  the  Waiwhetu 
contain  Chione  stutchburyi,  Mesodesma  novae-zelandiae,  Amphibola  crenata, 
and  a  few  Ostrea.  Small  deposits  of  shells  occasionally  seen  on  hillsides,  &c., 
often  betoken  meals  eaten  in  cultivation  grounds,  such  as  potato-gardens. 

It  will  be  noted  that  the  Maori  included  in  his  bill  of  fare  many  species 
of  shell-fish  which  are  never  eaten  by  us,  and  which,  for  some  reason,  we 
seem  to  look  upon  as  being  unfit  for  human  food. 

Such,  then,  is  a  brief  account  of  shell-middens  of  this  district,  which 
are  much  smaller  than  those  of  many  other  places,  and  perhaps  less  interest¬ 
ing.  To  render  a  paper  of  this  nature  interesting  it  should  be  written  by 
one  having  some  knowledge  of  the  science  of  malacology  ;  meanwhile  the 
present  paper  serves  to  record  a  few  rough  notes  made  during  many  rambles 
round  the  rugged  shores  of  the  Land  of  Tara. 
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THE  MANUFACTURE  OF  CARBIDE  OF  CALCIUM  IN 

NEW  ZEALAND. 

By  E.  Parry,  Public  Works  Department. 

It  is  generally  assumed  that  carbide  of  calcium  can  be  economically  manu- 
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factured  only  on  a  large  scale  and  in  situations  where  cheaply  developed 
water-power  is  available  in  conjunction  with  good  harbour  and  other 
facilities,  including  coal  and  limestone  of  suitable  quality  at  cheap  rates. 
This  is  undoubtedly  the  case  when  it  is  desired  to  produce  carbide  for 
export  purposes  and  to  supply  the  principal  markets.  It  does  not  follow, 
however,  that  it  cannot  be  profitably  manufactured  in  comparately 
small  quantities  for  local  consumption  at  competitive  and  profitable 
rates,  and  it  is  the  purpose  of  this  article  to  inquire  into  the  conditions 
which  affect  its  manufacture  and  marketing  for  home  consumption  in  New 
Zealand. 

At  the  same  time  opportunity  is  seized  upon  to  present  in  a  tabular  form 
convenient  for  reference  the  reactions  and.  factors  affecting  the  manufacture. 
Every  effort  has  been  made  to  arrive  at  reliable  figures  which  are  attainable 
in  the  factory  as  distinct  from  the  laboratory,  given  ordinary  care  ;  and, 
whilst  the  figures  presented  may  not  be  attainable  in  all  cases  for  various 
reasons,  on  the  other  hand  it  is  possible  under  favourable  conditions  and 
with  expert  attention  to  improve  considerably  upon  the  results  given  in  the 
tables.  On  the  whole,  the  figures  adopted  herein  represent  what  might 
be  considered  probable  values  with  considerable  odds  in  their  favour.  The 
commercial  results  given  in  the  tables  are,  however,  subject  to  considerable 
uncertainty  due  to  fluctuation  of  values  and  to  local  conditions,  and  in 
some  particulars  may  be  subject  to  considerable  modification.  An  effort 
has  been  made  to  disclose  the  basis  of  the  calculation  in  each  item,  so  as 
to  enable  those  interested  to  adjust  the  figures  to  suit  the  circumstances. 
It  is,  of  course,  assumed  that  circumstances  are  again  normal  and  that 
prices  approximate  to  pre-war  prices. 

Numerous  inquiries  have  been  addressed  to  this  Department  concerning 
the  manufacture  of  calcium  carbide,  and  most  of  the  data  here  presented 
were  originally  prepared  in  answer  to  such  inquiries.  They  have,  however, 
been  revised,  collated,  and  rearranged  with  a  view  to  publication  and  to 
meet  the  demand  which  exists  for  information  on  the  subject. 

The  figures  herein  used  are  taken  from  or  based  upon  information  con¬ 
tained  in  a  work  by  Charles  Bingham,  who  is  an  undoubted  authority  in 
regard  not  only  to  the  technicalities  of  the  subject  but  also  to  the  manu¬ 
facture  and  marketing  of  calcium  carbide.* 

Regarding  its  manufacture  for  the  world  market,  it  is,  of  course, 
desirable  that  as  many  as  possible  of  the  factors  which  enter  into  the 
manufacture  should  be  present  and  concentrated  in  the  place  of  manu¬ 
facture,  but  in  no  single  instance  of  which  I  am  aware  are  all  the 
facilities  combined.  It  will  be  found  on  inquiry  that  when  power 
and  limestone  are  cheap,  coal  or  coke  is  dear  and  the  principal  market 

*  Charles  Bingham,  The  Manufacture  of  Carbide  of  Calcium.  Raggett  and  Co., 
London,  1916. 
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remote.  On  the  other  hand,  where  coke  and  lime  are  cheap  and  a  good 
local  market  exists,  the  business  is  profitable  in  spite  of  the  power  being 
expensive. 

The  export  of  carbide,  because  of  the  risk  involved,  is  somewhat  handi¬ 
capped  by  special  freights,  and  in  the  case  of  New  Zealand  by  its  distance 
from  the  exi, sting  sources  of  supply.  It  is  possible  that  these  handicaps 
mRy  more  than  balance  the  disadvantages  present ;  at  any  rate,  there  is 
enough  of  a  probability  present  to  warrant  an  investigation. 

Let  it  be  assumed  that  the  local  consumption  in  any  given  district  is 
sufficient  to  enable  the  carbide  to  be  profitably  produced,  and  that  the 
carbide  has  not  to  be  shipped,  and  that  the  district  served  is  within  the 
range  of  economical  distribution  by  rail  for  this  class  of  material.  It  must 
also  be  postulated  that  a  supply  of  electricity  is  so  generally  available 
at  reasonable  rates  that  a  supply  is  obtainable  at  any  place  where  the 
combination  of  circumstances  is  such  as  to  enable  the  carbide  to  be 
economically  produced. 

This  latter  condition  does  not  obtain  at  the  present  time  as  regards 
New  Zealand  ;  but  a  beginning  has  been  made,  and  the  time  will  come  when 
electricity-supply  will  be  so  generally  diffused  that  wherever  the  conditions 
exist  suitable  for  the  manufacture  of  any  commodity  a  supply  of  power 
will  be  available  in  any  quantity  which  may  be  required. 

Let  us  now  review  the  circumstances  and  conditions  of  economical 
production.  We  have  already  eliminated  export,  and  have  to  pack  the 
carbide  for  local  consumption  only.  We  have  assumed  that  cheap  power 
is  available.  Let  it  now  be  assumed  that  suitable  coke  and  limestone  are 
procurable,  and  that  it  is  found  possible  and  advantageous  to  manufacture 
in  conjunction  with  some  existing  business  so  as  to  share  the  management 
and  general  charges.  It  is  quite  possible  that  the  whole  of  these  facilities 
may  be  found  in  combination  in  some  one  place.  If  not,  it  is  quite  possible 
that  the  advantage  of  an  established  business  connection  way  outweigh  the 
others,  and  it  may  be  found  more  advantageous  to  rail  the  coke  or  coal 
and  the  limestone  to  the  works. 

Several  lines  of  industry  present  themselves  as  being  suitable  for  taking 
on  the  manufacture  of  carbide  in  addition  to  the  existing  business.  Take, 
for  instance,  the  manufacture  of  illuminating-gas.  The  gas  industries 
are  large  users  of  lime.  They  have  an  expert  staff,  and  have  a  selling 
organization  and  a  knowledge  of  the  chemical  market.  They  also  produce 
coke  in  large  quantities  :  this,  however,  in  most  cases  is  not  suitable  for 
the  manufacture  of  carbide,  but  this  difficulty  might  be  overcome,  for 
instance,  by  devoting  a  special  furnace  to  the  manufacture  of  coke  for  this 
purpose  and  utilizing  the  gases  in  the  usual  way.  The  yield  of  gas  might 
not  be  so  good  from  a  gas-producing  standpoint,  but,  on  the  other  hand, 
suitable  coke  is  obtained  for  the  manufacture  of  carbide.  There  are,  no 
doubt,  other  ways  of  overcoming  the  difficulty. 

Another  industry  which  occurs  to  the  mind  as  being  advantageously 
situated  for  the  manufacture  of  carbide  is  the  freezing  industry,  Such 
companies  are  large  users  of  power,  fuel,  and  lime,  and  are  adepts  at  can¬ 
ning,  which  is  an  important  item  in  the  carbide  industry.  The  freezing 
industries  have  also  for  eight  or  nine  months  in  the  year  a  large  part  of  their 
plant  idle,  which  during  the  slack  season  might  be  devoted  to  the  manu¬ 
facture  of  carbide  and  at  the  same  time  afford  continuous  employment  to 
a  large  number  of  men.  Another  point  is  that  cyanamide,  which  is  a  most 
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valuable  fertilizer,  is  readily  obtained  from  carbide,  and  can  be  used  as  a 
means  of  supplementing  the  supply  of  nitrogenous  fertilizers  manufactured 
by  the  freezing  companies.  The  latter  are  thus  possessed  of  a  great 
advantage  in  the  marketing  of  cyanamide,  as  they  are  already  in  the 
business.  Another  inducement  to  a  freezing  company  to  take  up  the 
manufacture  of  carbide  is  that,  once  cyanamide  is  obtained,  it  has  a 
source  of  an  endless  number  of  chemical  products,  for  one  of  which — viz., 
ammonia — it  has  abundant  use.  It  has  also  its  chemical  experts,  engineers, 
management  and  selling  organization,  which  circumstances  are  favourable 
for  the  economical  production  of  carbide.  It  may  be  suggested  that,  as 
only  part  of  the  year  would  be  devoted  to  carbide-making,  the  manufacture 
would  be  at  a  disadvantage  ;  but,  on  the  other  hand,  a  carbide-furnace 
will  require  at  least  a  month  for  overhaul  and  repairs,  and  often  needs  a 
good  deal  longer.  A  number  of  men  are  given  continuous  employment,  and 
the  organization  for  producing,  packing,  and  marketing  already  exists,  so 
that  it  is  quite  possible  that  the  freezing  company  may  be  able,  although 
working  only  part  time,  to  manufacture  carbide  at  cheaper  rates  than  a 
continuously  working  carbide-factory  which  has  to  carry  heavy  charges  for 
management,  chemical  expert,  and  marketing. 

Other  industries  are  also  suitably  equipped  for  making  carbide,  such  as 
fertilizer-manufacturers,  farmers’  co-operative  societies,  manufacturers  of 
chemicals,  and  manufacturers  of  lime  and  coke — -all  doing  a  large  business 
of  the  same  class.  There  is,  again,  the  acetone-welding  industry,  also 
with  its  experts,  which  is  a  user  of  carbide,  and  which  also  produces 
large  quantities  of  nitrogen  in  the  process  of  obtaining  oxygen  from  the 
atmosphere  by  fractional  distillation.  Nitrogen  is  an  ingredient  in  the 
formation  of  cyanamide  from  calcium  carbide,  and  is  at  present  a  waste 
product.  Other  industries  undoubtedly  exist  which  could  handle  carbide 
with  advantage.  The  first  essential  towards  the  realization  of  this  is 
a  generally  diffused  electric-power  supply  throughout  the  country.  The 
advantage  of  such  a  state  of  affairs  is  that  cheap  power  is  obtainable 
in  any  place  where  the  circumstances  are  otherwise  suitable  for  manu¬ 
facturing  any  particular  commodity,  whilst  the  promoter  is  relieved  of 
the  necessity  of  providing  capital  for  a  power-generating  plant,  often  a  great 
stumbling-block. 

The  result  of  this  investigation  is  not  conclusive  or  favourable  from  the 
point  of  view  of  manufacture.  So  much,  however,  depends  upon  circum¬ 
stances  as  to  render  it  impossible  to  make  any  definite  statement  one  way 
or  another.  The  object  of  this  paper  will,  however,  have  been  attained 
if  the  figures  and  data  submitted  are  in  such  a  form  as  to  enable  those 
interested  to  judge  for  themselves. 

The  selling-price  on  the  basis  of  a  production  of  1,000  tons  per  annum 
is  £18  8s.  9d.  per  ton,  and  on  the  basis  of  a  production  of  1,500  tons 
per  annum  £17  Is.  8d.  per  ton,  with  a  possible  reduction  in  each  case  of 
£4  13s.  4d.  per  ton,  according  to  circumstances. 

The  result  of  this  investigation  is  summarized  in  a  number  of  tables  as 
follows  : — 

Table  1  :  Declared  value  and  imports  of  calcium  carbide  at  New 
Zealand  ports  from  1910  to  1917  inclusive. 

Table  2  :  Chemical  reactions  and  standard  of  quality  in  raw  material 
and  product. 

Table  3  :  Quality  of  raw  material  required  per  ton  of  carbide  and 
energy  consumption. 
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Table  4  :  Cost  of  producing  calcium  carbide  at  the  rate  of  1,000  tons 
per  annum. 

Table  5  :  Cost  of  producing  carbide  at  the  rate  of  1,500  tons  per 
annum. 

Table  6  :  Cost  of  production  for  large  outputs  from  European 
factories. 

Referring  to  Table  1,  this  shows  the  declared  value  and  total  imports 
into  New  Zealand  during  each  year  from  1910  to  1917  inclusive,  together 
with  the  quantity  discharged  yearly  at  the  different  New  Zealand  ports  from 
1914  to  1917  inclusive.  It  will  be  seen  that  the  whole  quantity  imported 
in  1914  was  2,956  tons,  and  that  the  declared  value  was  on  the  average 
£14  2s.  per  ton.  The  largest  quantity  imported  at  any  one  port  was  858 
tons,  at  Wellington  ;  and  in  view  of  the  results  of  this  investigation  there 
does  not  seem  to  be  at  the  present  time  sufficient  local  demand  in  any  one 
centre  to  justify  the  establishment  of  a  large  calcium-carbide  factory  on  a 
scale  sufficient  to  make  the  manufacture  a  profitable  undertaking.  The 
whole  requirements  of  the  Dominion  are,  however,  big  enough  to  enable 
a  single  factory,  and  possibly  two  factories,  to  manufacture  at  a  profit, 
provided  that  railage  and  shipping  do  not  prove  to  be  too  much  of  an 
obstacle.  This  consideration  must  be  left  to  those  who  are  versed  in  such 
matters. 

Referring  to  Table  2,  this  shows  the  chemical  reactions,  and  also  the 
standard  of  quality  to  be  sought  in  the  raw  material  in  order  to  produce 
a  satisfactory  product,  of  which  the  quality  is  also  shown  in  the  same 
table.. 

The  chemical  equations  call  for  no  comment  beyond  the  fact  that  they 
only  represent  the  final  reaction  in  its  simplest  form,  without  any  attempt 
at  refinement. 

Regarding  the  quality  of  the  raw  material  generally,  the  following 
summarizes  the  action  of  the  impurities  present  in  either  the  coke  or  the 
limestone,  or  both.  Magnesia  is  objectionable  because  it  interferes  with 
the  working  of  the  furnace  and  tends  to  cause  a  deposit  in  the  pipes. 
Alumina  also  tends  to  interfere  with  the  working,  and  promotes  the  forma¬ 
tion  of  ammonia  in  the  acetylene.  Silica,  whilst  it  facilitates  the  working  of 
the  furnace,  combines  with  the  iron,  which  is  always  present,  to  form  ferro- 
silicon,  which  interferes  with  the  tapping  of  the  carbide,  and  is  otherwise 
objectionable.  The  presence  of  sulphur  in  excessive  quantities  forms 
sulphur  compounds  which  pass  into  the  carbide,  forming  sulphuretted 
hydrogen  ;  whilst  phosphorus  gives  rise  to  a  haze  on  burning,  and  even 
small  quantities  of  the  oxide  are  objectionable.  The  presence  of  ash  leads 
to  difficulties  in  operating  the  furnace. 

The  following  are  the  limits  beyond  which,  according  to  Mr.  Bingham, 
the  authority  already  quoted,  the  impurities  present  in  coal  and  limestone 
will  cause  either  interference  with  the  working  of  the  furnace  or  will  have 
deleterious  effect  upon  the  carbide.  As  regards  the  coke,  the  ash  should 
not  exceed  7  per  cent.,  phosphoric  acid  0-04  per  cent.,  sulphur  1-5  per  cent., 
iron  0-6  per  cent.  ;  and  as  regards  the  limestone,  phosphoric  acid  should  not 
exceed  0-01  per  cent.,  silica  1-25  per  cent.,  sulphur  a  trace,  magnesia  0-5  per 
cent.  ;  with  the  proviso  that  if  sulphur  or  phosphorus  be  low  in  one  a  higher 
proportion  may  be  allowed  in  the  other. 

Analyses  of  typical  samples  of  coke  and  limestone  used  in  the  manu¬ 
facture  of  the  best  carbide  are  given  in  Table  2.  These  undoubtedly 
represent  material  of  a  very  high  grade.  All  the  same,  it  should  be  borne 
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in  mind  that  inferior  grades  can  be  used  within  limits  at  the  expense  of 
greater  energy-consumption  and  loss  of  carbide. 

The  analysis  of  a  typical  sample  of  commercial  carbide  is  shown  in 
Table  2  to  consist  of  86  per  cent,  carbide,  1  per  cent,  carbon,  10  per  cent, 
lime,  0*6  per  cent,  silicon  carbide,  1  per  cent,  ferro-silicon,  0-4  per  cent, 
sulphur  compounds,  and  1  per  cent,  magnesia  compounds  ;  and  in  calcu¬ 
lating  the  quantity  of  raw  material  required,  say  per  ton  of  carbide,  it  is 
necessary  to  take  account  of  the  amount  of  carbon  and  lime  which  passes 
through  into  the  product. 

Referring  to  Table  3,  this  shows  the  quantity  of  material  required 
per  ton  of  carbide  packed  in  drums  or  otherwise,  also  the  energy  re¬ 
quired  per  ton  and  the  output  per  horse-power  year.  The  calculations 
of  the  quantity  of  material  required  are  based  upon  the  quality  of  the 
raw  material  and  finished  material  given  in  Table  2.  The  quantities 
are  given  in  terms  of  the  quantity  of  carbide  packed  for  sale,  after 
taking  into  account  all  losses,  in  addition  to  the  more  usual  method 
of  stating  the  energy-consumption  in  terms  of  the  furnace  output. 
The  net  energy  utilized  in  the  furnace  is  also  stated,  and  a  furnace 
efficiency  of  50  per  cent,  is  adopted  as  being  attainable  without  undue 
effort,  and  with  the  use  of  high-quality  raw  material  as  specified  in 
Table  2. 

The  usual  assumption  in  regard  to  the  production  of  carbide  is  1^  tons' 
per  horse-power  year.  It  should  be  borne  in  mind  that  this  is  the  produc¬ 
tion  in  terms  of  the  horse-power  of  the  furnace,  and  takes  no  account  of 
the  energy  used  in  auxiliary  apparatus  or  of  the  carbide  lost  in  crushing 
and  packing. 

Table  3  shows  an  output  somewhat  less  than  the  usual  assumption,  and 
the  author  ’believes  it  to  be  nearer  the  average  than  the  figure  quoted.  The 
yield  given  in  Table  3  is  1-27  tons  produced  by  the  furnace  per  horse¬ 
power  year  of  8,000  hours,  delivered  to  the  furnace,  which  is  equivalent 
to  1’143  tons  per  horse-power  year  delivered  to  the  works,  after  taking 
into  account  the  energy  used  by  auxiliary  apparatus,  and  T09  tons 
per  horse-power  year  delivered  to  the  works  after  allowing  for  losses  in 
crushing  and  packing. 

As  regards  the  quantity  of  coke  and  limestone'  required,  this  depends  on 
the  quality  of  the  raw  material  and  also  of  the  product.  Carbide  of  the 
quality  shown  in  Table  2  contains  1  per  cent,  of  carbon  and  some  further 
carbon  in  combination  with  silicon  ;  consequently  an  addition  of  about 
2  per  cent,  has  to  be  made  to  the  charge  to  compensate  for  this  loss.  The 
coke  is  assumed  to  be  of  the  quality  set  out  in  Table  2 — viz.,  88-4  per  cent, 
dry  coke — and  on  this  basis  it  is  shown  in  Table  2  that  0-587  ton  of  coke 
is  required  per  ton  of  packed  carbide,  and  allowing  for  losses  in  handling 
the  coke,  say,  0*6  ton.  Likewise  with  the  lime  it  is  shown  in  Table  2  that 
the  typical  sample  of  carbide  contains  10  per  cent,  of  lime  in  its  composition. 
This  requires  an  addition  of  12 J  per  cent,  to  the  charge  in  order  to  com¬ 
pensate  for  the  loss,  so  that  if  96J  per  cent,  lime  is  used  a  charge  of 
0-95  ton,  corresponding  to  1-.62  tons  of  98  per  cent,  limestone,  must  be 
allowed  for  the  charge  per  ton  of  packed  carbide  (Table  3).  As  regards 
both  coke  and  limestone  or  lime,  a  further  allowance  in  weight  must  be 
made  for  moisture,  which  has  to  be  borne  in  mind  in  purchasing  these 
commodities. 

The  net  thermal  energy  required  per  ton  of  86  per  cent,  carbide  produced 
is  calculated  by  Bingham  at  2,350  kilowatt-hours.  The  gross  energy  on 
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the  basis  of  a  50-per-cent,  furnace  efficiency  is  4,700  kilowatt-hours,  and 
allowing  10  per  cent,  loss  in  conductors  and  auxiliary  apparatus  the 
total  energy  delivered  to  the  works  amounts  to  5,222  kilowatt-hours  per 
ton  of  86  per  cent,  carbide  produced.  Allowing  again  for  losses  in  crushing 
and  packing,  we  arrive  at  a  gross  figure  of  5,480  kilowatt-hours  per  ton  of 
carbide  packed  for  sale. 

The  electrode-consumption  is  based  upon  the  use  of  carbon  electrode, 
which  is  considerably  higher  than  graphits  electrode ;  but  the  latter  is 
more  expensive,  and  in  all  probability  less  economical  under  New  Zealand 
conditions.  The  rate  of  consumption  as  shown  in  Table  3 — viz.,  66  lb. 
per  ton  of  carbide  produced,  or  69-3  lb.  per  ton  of  carbide  sold  —  is 
high,  but  it  would  not  be  safe  to  reckon  on  a  smaller  figure  under  average 
conditions. 

Preliminary  estimates  were  made  of  the  cost  of  producing  500  tons 
per  annum  and  also  750  tons  per  annum,  but  the  results  w.re  not  sufficiently 
promising  to  warrant  further  investigation.  Preliminary  estimates,  how¬ 
ever,  indicated  that  an  output  of  1,000  tons  per  annum  might  be  profitable, 
depending  upon  local  circumstances,  and  accordingly  detailed  estimates 
have  been  prepared  of  the  cost  of  producing  and  marketing  the  quantity 
mentioned,  and  they  are  scheduled  in  Table  4  hereto.  As  this  did  not  show 
a  sufficient  margin  for  contingencies,  detailed  estimates  were  prepared  of  the 
cost  of  producing  and  marketing  1,500  tons  per  annum,  and  they  are 
scheduled  in  Table  5  hereto.  Referring  to  the  estimates  for  the  1,000  tons 
production,  the  capital  investment  —  viz.,  £12,000 — includes  buildings, 
furnace,  crushers,  canning,  and  packing,  but  does  not  include  provision  for 
a  coke-furnace  or  a  lime -kiln,  as  it  is  assumed  that  the  coke  and  lime  are 
purchased  on  the  open  market. 

Materials. — As  regards  the  materials,  coke  is  assumed  to  c'ost  £1  10s. 
per  ton.  This  is  higher  than  the  normal  price  of  gas-coke,  but,  as  the 
quality  required  for  carbide-making  is  better  and  the  coke  of  metallurgical 
quality  difficult  to  obtain,  the  price  is  not  high.  On  the  other  hand,  it  is 
quite  probable  that  the  demand  will  create  a  supply  of  the  proper  quality 
at  cheaper  rates,  so  that  there  is  a  possibility  of  saving,  say,  5s.  per  ton 
on  this  item,  equivalent  to  3s.  per  ton  of  carbide. 

Lime —  Taking  lime  next,  this  is  entered  at  £2  12s.  6d.  per  ton, 
which  is  the  normal  price  in  New  Zealand.  This  is  a  high  price,  and, 
given  a  larger  demand,  it  should  be  possible  to  reduce  this  to  £1  10s. 
per  ton  or  less  if  the  carbide-factory  be  at  the  kiln,  thereby  effecting 
a  saving  of  £1  2s.  6d.  per  ton  of  lime  and  £1  Is.  4d.  per  ton  of  packed 
carbide. 

Cost  of  Power. — As  regards  the  cost  of  power,  this  is  quoted  at  £4  per 
horse-power  year.  This  value,  whilst  exceedingly  low  for  general  industrial 
purposes,  is  high  for  such  purposes  as  calcium  carbide,  and  would  be  almost 
prohibitive  for  carbide  intended  for  the  world  market,  and  for  that  purpose 
it  would  be  necessary  to  establish  the  works  in  some  place  where  power 
could  be  developed  for,  say,  £1  10s.  per  annum,  and  where  harbour  facilities 
exist  in  conjunction  therewith  and  where  the  raw  material  is  readily 
obtainable.  But  as  it  is  premised  that  the  carbide  is  manufactured  for  local 
consumption,  and  possibly  in  conjunction  with  some  existing  industry,  the 
figure  is  one  which  brings  the  manufacture  within  the  range  of  possibilities. 
This  figure  is  about  the  bottom  price  now  ruling  for  a  supply  from  Lake 
Coleridge,  and  is  a  figure  which  cannot  be  much  reduced  whilst  the  supply 
is  limited  to  the  present  scale  of  operations,  nor  is  it  probable  that  it  could 
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be  produced  at  this  figure  from  any  source  of  power  of  the  magnitude 
required.  Nevertheless,  if  electricity  were  more  generally  distributed 
and  used  so  as  to  enable  production  to  be  very  much  increased,  or 
the  manufacture  of  carbide  combined  with  some  other  industry  requir¬ 
ing  a  large  amount  of  power,  the  quotation  could  be  reduced  to  £2  10s. 
per  horse-power  year  instead  of  £4  per  horse-power  year,  a  saving  of 
£1  10s.  per  horse-power  year,  equivalent  to  £1  7s.  4d.  per  ton  of  packed 
carbide. 

Labour. — The  next  item  on  the  estimate  of  Table  4  is  labour.  The 
number  of  men  required  is  as  stated  in  the  work  already  referred  to,  but 
the  wages  are  adapted  to  New  Zealand  conditions  and  fairly  represent 
the  prevailing  rate  of  pay  for  the  different  classes  of  work  under  peace 
conditions.  No  saving  can  be  expected  on  this  item,  as  the  tendency  is 
always  in  the  other  direction. 

Renewal  of  Electrodes. — This  estimate  is  based  upon  4d.  per  pound. 
The  price  of  carbon  for  electrodes  varies  from  lfd.  to  2d.  per  pound  on  the 
Continent  of  Europe,  so  that  there  is  a  possible  saving  on  this  item  of,  say, 
one-half,  or  the  equivalent  of  11s.  8d.  per  ton. 

Maintenance  of  Furnaces  and  Renewal  of  Plant. — The  figure  entered  is 
deemed  to  be  ample  for  the  purpose,  but  I  do  not  think  that  it  would  be 
prudent  to  reckon  on  any  saving  on  this  item. 

Packing. — The  figure  quoted  by  Mr.  Bingham*  is  £1  10s.  per  ton,  based 
upon  Is.  6d.  per  drum  containing  1  cwt.  This  figure  cannot  be  approached 
under  New  Zealand  conditions,  and  a  figure  of  £2  10s.  per  ton  is  allowed. 
At  the  same  time,  there  is  a  possibility  of  making  a  saving  by  using  returns, 
which  are  not  available  to  the  exporter,  and  thereby  reducing  the  cost  by, 
say,  £1  per  ton. 

Management  and  General. — A  sum  of  £1,500  per  annum  is  allowed  for  * 
this  item,  and  includes  an  allowance  for  sales  or  for  commission  if  the 
carbide  be  sold  to  agents.  There  is  a  possibility  that  this  item  may  be 
reduced  if  the  industry  is  conducted  in  conjunction  with  some  existing 
industry  which  already  possesses  an  expert  staff  and  a  sales  organiza¬ 
tion,  the  expense  of  which  as  well  as  the  management  would  be  shared. 
Possibly,  if  the  manufacture  were  combined  with  a  limestone-crushing 
and  lime  industry,  or  some  other  industry,  the  manufacturers  would  be 
disposed  to  reduce  this  by  at  least  10s.  per  ton. 

Depreciation. — An  allowance  of  8  per  cent,  on  the  whole  capital  if  invested 
would  be  sufficient  to  redeem  the  capital  in  about  ten  years.  This  is,  of 
course,  a  high  rate  of  depreciation,  but  as  two-thirds  of  the  capital  is  sunk 
in  machinery,  some  of  which  is  of  a  rapidly  depreciatory  character — viz., 
furnaces  and  crushers-— it  would  not  be  prudent  to  reduce  this  item. 

Cost  of  Production.- — The  cost  of  production,  on  the  assumptions  made, 
amounts  to  £17  4s.  9d.  per  ton  of  carbide  per  annum,  with  a  possibility 
of  a  reduction  of  £4  13s.  4d.  per  ton  if  all  the  possible  savings  on  the 
different  items  be  realized,  which,  however,  is  improbable.  Those  interested 
can  judge  for  themselves  the  probability  and  extent  of  possible  savings, 
and  if  this  paper  has  presented  the  facts  in  such  a  way  as  to  enable  those 
in  a  position  to  judge  to  make  the  right  use  of  them  its  main  object  will 
have  been  achieved. 

Selling-price. — Having  now  determined  the  cost  of  production,  inclusive 
of  commission  on  sales,  we  have  now  to  add  on  a  profit  in  order  to  find  the 

*  The  Manufacture  of  Carbide  of  Calcium,  p.  115. 
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market  price  to  retailers  or  large  purchasers,  and  in  doing  so  I  have  estimated 
on  a  profit  of  10  per  cent,  on  the  capital.  This  kind  of  business  is  a  very 
precarious  one,  and  I  consider  that  10  per  cent,  is  a  fair  measure  of  the 
security,  or  rather  insecurity,  involved.  Nevertheless  it  is  quite  possible 
that  many  firms  would  be  satisfied  with  less  for  the  sake  of  some  collateral 
advantage  derived  from  combining  this  business  with  an  existing  business 
for  some  ulterior  reason,  such  as  the  possibility  of  using  part  of  the  output 
for  making  cyanamide,  ammonia,  ammonium  nitrate,  or  a  dozen  other 
compounds.  The  10  per  cent,  profit  is  equivalent  to  £1  4s.  per  ton  of 
carbide,  which  brings  the  selling-price  up  to  £18  8s.  9d.  per  ton.  This 
does  not  compare  favourably  with  a  selling-price  of  £16  to  £17  per  ton 
before  the  war,  corresponding  to  a  declared  value  of  £14  to  £15  per  ton. 
There  is,  of  course,  a  possible  saving,  as  already  mentioned,  of  £4  13s.  4d.’ 
per  ton,  which  would  reduce  the  price  to  £13  15s.  5d.  per  ton,  but  it  is 
most  unlikely  that  all  the  advantages  will  be  found  concentrated  in  one 
spot,  and  in  consequence  the  probable  saving  would  not  exceed  one-half 
the  possible  amount.  If  we  assume  a  saving  of  £2  per  ton,  the  selling- 
price  is  reduced  to  £16  8s.  9d.  per  ton,  which  is  not  sufficiently  below  the 
import  price  to  justify  the  enterprise.  There  has  further  to  be  taken  into 
view  a  probable  reduction  in  price  after  the  war,  due  to  the  necessity  of 
finding  a  market  for  the  huge  chemical-factories  established  for  war  pur¬ 
poses,  and  the  general  rule  that  the  price  for  a  local  commodity  has  to  be 
much  lower  than  that  of  an  imported  article  in  order  to  compete,  as  the 
latter  often  forms  part  of  a  large  order,  which  enables  the  importer  to  handle 
it  economically. 

The  next  step  is  to  try  the  effect  of  a  larger  production  upon  the  price — 
though  anything  larger  than  1,000  tons  per  annum  is  hardly  justifiable 
except  for  shipment,  in  which  case  the  saving  upon  empty  returns  could 
not  very  well  be  reckoned  on.  However,  it  seemed  to  be  worth  attempting, 
and  in  Table  5  is  set  out  corresponding  figures  for  an  output  of  1,500  tons 
per  annum.  This  is  calculated  on  the  same  basis  as  the  1,000-ton  pro¬ 
duction  except  that  an  allowance  has  been  made  for  increased  labour,  and 
there  is  no  necessity  to  discuss  the  several  items.  The  cost  of  production 
is  estimated  at  £16  0s.  4d.  per  ton,  and  the  selling-price  at  £17  Is.  8d.  per 
ton  after  allowing  10  per  cent,  profit,  with  a  possible  saving  up  to  £4  13s.  4d. 
per  ton  ;  and,  assuming  a  probable  saving  of  £2  per  ton  as  before,  we  obtain 
a  selling-price  of  £15  Is.  8d.  per  ton,  which  compares  favourably  with  the 
output  price  before  the  war.  But  whether  the  margin  is  sufficient  is  a 
matter  for  the  enterprising  manufacturer  and  business  man.  The  main 
object  of  this  paper  is  to  present  the  facts  and  figures,  some  of  which  are 
not  well  known,  in  such  a  way  as  to  enable  them  to  be  adjusted  by  those 
in  a  position  to  make  use  of  them. 

It  is  instructive  to  compare  the  estimate  submitted  with  the  cost  of 
producing  carbide  on  a  large  scale  in  a  European  factory  where  cheap 
water-power  is  available,  as  given  by  Mr.  Bingham.  The  location  is  not 
specified,  but  it  is  obvious  that  it  is  adjacent  to  a  source  of  water-power 
which  can  be  cheaply  developed,  and  that  it  is  quite  remote  from  an 
industrial  centre,  judging  by  the  cost  of  coke  and  lime,  which  are  much 
higher  than  the  ruling  prices  in  Great  Britain.  All  the  items  are  lower 
than  those  in  Tables  4  and  5,  due  to  larger  output,  lower  labour  cost,  and 
proximity  to  the  industrial  centres.  The  item  for  management  and  general 
is  higher,  due  to  the  higher  cost  of  carrying  on  an  export  business. 
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Table  1. 


Return  showing  the  Total  Quantity  and  Value  of  Calcium  Carbide  imported 
into  New  Zealand  during  each  Calendar  Year  from  1910  to  1917  inclu¬ 
sive. 


Auckland. 

Wellington. 

Lyttelton. 

Year. 

Quantity. 

Value. 

Rate  per 
j  Ton. 

Quantity. 

Value. 

Rate  per 
Ton. 

Quantity. 

Value. 

|Rate  per 
Ton. 

Tons. 

£ 

£ 

Tons. 

£ 

£ 

Tons. 

£ 

£ 

1910  .  . 

•  • 

•  • 

•  • 

•  • 

.  , 

,  , 

.  , 

,  . 

.  . 

1911  .. 

1912  .. 

1913  .  . 

*  * 

*  * 

•  * 

0  . 

*  * 

*  * 

1914  . . 

754 

10,249 

13-6 

858 

11,692 

13-6 

427 

6,131 

14-35 

1915  . . 

766 

10,454 

13-65 

750 

9,938 

13-25 

350 

5,039 

14-4 

1916  . . 

701 

9,122 

13-0 

666 

9,222 

13-8 

480 

6,010 

12-5 

1917  . . 

296 

5,273 

17-8 

255 

5,644 

22  1 

176 

2,815 

16-0 

Dunedin. 

Other  Ports. 

Total. 

Year. 

Quantity. 

Value. 

Rate  per 
Ton. 

Quantity. 

Value. 

Rate  per 
Ton. 

Quantity. 

Value. 

Rate  per 
Ton. 

Tons. 

£ 

£ 

Tons. 

£ 

£ 

Tons. 

£ 

£ 

1910  . . 

•  « 

.  • 

.  , 

.  . 

,  , 

.  . 

1,693 

20,708 

12-2 

1911  . . 

,  . 

.  . 

•  o 

.  # 

.  . 

.  . 

2,062 

28,499 

13-8 

1912  .’. 

•  • 

#  , 

,  . 

.  , 

.  , 

.  . 

2,685 

37,668 

14-0 

1913  . . 

•  • 

8  • 

.  , 

«  • 

.  , 

.  . 

2,316 

32,698 

14-1 

1914  .  . 

398 

5,583 

14-0 

519 

8,122 

15-6 

2,956 

41,777 

14-1 

1915  .  . 

256 

3,388 

13-2 

497 

7,142 

14-35 

2,619 

35,961 

13-7 

1916  . . 

380 

4,744 

12-45 

523 

6,351 

12-1 

2,750 

35,449 

12-9 

1917  .  . 

63 

888 

14-1 

60 

1,446 

24-1 

850 

16,066 

18-9 

Note. — Separate  particulars  for  each  port  prior  to  1914  are  not  available.  The 
imports  at  the  four  chief  ports  only  have  been  recorded  separately  from  1914  onward. 


Table  2. 

Calcium  Carbide. — Reactions  and  Specification  of  Carbide  and  Raw  Materials . 

Reactions,  calcium  carbide  : — 

CaO  +  3C  =  CaC2  +  CO. 

56  +  36  =  64  +  28. 

0-875  +  0-564  ==  1-0  +  0-439. 

Reactions,  lime  : — 

CaC03  =  CaO  +  C02. 

100  ^  =  56  +  44. 

1-785  =  1-0  +  0-785. 

Quality  of  coke  :  Ash  should  not  exceed  7  per  cent. ;  phosphoric  acid,  0-04  per  cent  ; 
sulphur,  1-5  per  cent.;  iron,  0-6  per  cent. 

Quality  of  limestone  :  Phosphoric  acid  should  not  exceed  0-01  per  cent,  if  coke  already 
contains  0-04  per  cent.  ;  silica,  1-25  per  cent.  ;  sulphur,  not  more  than  a  trace  if 
the  coke  is  high  in  sulphur ;  magnesia,  0-5  per  cent. 

Analysis  of  typical  sample  of  coke  used  in  the  manufacture  of  carbide  :  Fixed  carbon, 
88-4  per  cent.  ;  ash,  6-68  per  cent.  ;  sulphur,  0-9  per  cent.  ;  phosphorus,  trace  ; 
moisture,  4  per  cent. 

Analysis  of  typical  sample  of  limestone  used  in  the  manufacture  of  carbide  :  Calcium 
carbonate,  98  per  cent.  ;  magnesia,  0-5  per  cent.  ;  alumina  and  iron  oxide,  0-5  per 
cent.  ;  phosphoric  acid,  0-01  per  cent.  ;  silica,  0-99  per  cent. 

Lime  from  98  per  cent,  limestone  contains  approximately  56  x  100  -4-  58  =  96-5  per 
cent,  oxide  of  lime. 

Analysis  of  typical  commercial  carbide  :  Calcium  carbide,  86  per  cent.  ;  carbon,  1  per 
cent.  ;  calcium  oxide,  10  per  cent.  ;  silicon  carbide,  0-6  per  cent.  ;  ferro-silicon, 
1  per  cent.  ;  sulphur  compounds,  0-4  per  cent.  ;  magnesia  compounds,  1  per  cent. 
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Table  3. 


Calcium  Carbide. — Materials  and  Power  required  per  Ton  of  86  per  cerd. 

Carbide  packed  for  Sale. 


Losses  in  crushing,  handling,  and  packing 
Commercial  carbide  manufactured 
Pure  carbide  manufactured  :  1-05  X  0-86 

Quantity  of  88-4  per  cent,  coke  required,  allowing  2  per  cent,  loss  of 
carbon — 

0-564  X  0-903  X  1*02-4-  0-884 

Quantity  purchased,  allowing  for  losses  (say) 

Quantity  of  96-5  per  cent,  lime  required,  allowing  12-5  per  cent,  loss  of 
‘  CaO— 

0-875  X  1-125  x  0-903  d-  0-965 

Quantity  purchased,  allowing  for  losses-  (say) 

Quantity  of  98  per  cent,  limestone  required 

Energy  utilized  per  ton  of  86  per  cent,  carbide  produced  (calculated) 
Energy  input  into  furnace  per  ton  of  86  per  cent,  carbide  produced 
with  a  furnace  efficiency  of  50  per  cent. 

Energy  delivered  to  works  per  ton  of  86  per  cent,  carbide  produced, 
assuming  a  loss  of  10  per  cent,  in  conductors  and  auxiliary 
apparatus  :  4700/0-9 

Energy  delivered  to  works  per  ton  of  86  per  cent,  carbide  packed  for 
sale,  with  5  per  cent,  loss  in  crushing  and  packing  :  5222  x  1-05 
Carbide  of  86  per  cent,  quality  produced  per  horse -power  year  of  8,000 
hours  input  into  furnace  :  8000  X  0-746  d-  4700 
Carbide  of  86  per  cent,  quality  produced  per  horse-power  year  delivered 
to  works  :  1-27  X  0-9 

Carbide  of  86  per  cent,  quality  sold  per  horse -power  year  delivered  to 
works  :  1-143  d-  1-05 

Carbon  electrodes,  66  lb.  per  ton  of  carbide  produced  or  66  X  1-05  per 
ton  sold 


4-8  per  cent. 
1-05  tons. 
0-903  „ 


0-587  „ 

0-600  „ 

0-920  ., 
0-95  „ 

1-62  „ 
2,350  kw.-hr 

4,700  „ 

5,222  „ 

5,480  „ 

1-27  tons. 
M43  „ 

1-09  „ 

69-3  lb. 


Table  4. 

Calcium  Carbide. — Cost  of  producing  1,000  Tons  per  Annum  of  Packed 
Carbide  of  86  per  cent.  Quality,  corresponding  to  a  Furnace-yield  of 
1,050  Tons,  and  requiring  a  Furnace  of  827  Horse-power  and  a  Total 
of  910  Horse-power  for  all  Purposes.  Capital  Investment,  £12,000. 


— 

Per  Annum. 

Per  Ton. 

£ 

£ 

s. 

d. 

Coke  :  0-6  X  1000  =  600  tons,  at  £1  10s. 

•  c 

900 

0 

18 

0 

Lime  :  0-95  X  1000  =  950  tons,  at  £2  12s.  6d. 

•  » 

2,494 

2 

9 

10 

Power  :  910  h.p.,  at  £4  per  horse-power  year 

.  . 

3 , 640 

3 

12 

10 

Labour : — 

£ 

s. 

d. 

Furnace-room  men,  9  at  £4  per  week 

36 

0 

0- 

Electrode-mounter,  1  at  £4  per  week 

4 

0 

0 

Regulating-boys,  3  at  £2  per  week 

6 

0 

0 

Crushing  and  packing,  4  at  £3  12s.  per  week 

14 

8 

0 

Raw  materials,  2  at  £3  per  week 

6 

0 

0 

Foreman,  1  at  £4  10s.  per  week 

4 

10 

0 

Men  and  boys,  20,  per  week  . . 

70 

18 

0 

Total  per  annum 

.  • 

3 , 687 

3 

13 

9 

Renewal  of  electrodes  :  69-3  lb.  Tier  ton  at  4d.  per  pound 

= 

£1 

3s.  2d.  per  ton  :  1,000  tons  at  £1  3s.  2d. 

1,159 

1 

3 

2 

Maintenance  and  renewals  of  furnace  and  plant 

400 

0 

8 

0 

Packing,  at  £2  10s.  per  ton  of  carbide 

2,500 

2 

10 

0 

Management  and  general 

1,500 

1 

10 

0 

Depreciation,  at  8  per  cent,  on  capital 

960 

0 

19 

2 

Total  cost  of  production  .  . 

16,760 

17 

4 

9 

Profit  at  (say)  10  per  cent,  on  capital 

1,200 

1 

4 

0 

Selling-price 

17,960 

18 

8 

9 

1918.]  The  N.Z.  Journal  of  Science  and  Technology.  101 

Table  5. 

Calcium  Carbide . — Cost  of  producing  1,500  Tons  per  Annum  of  Packed 
Carbide  of  86  per  cent .  Quality,  corresponding  to  a  Furnace-yield  of 
1,575  Tons,  requiring  a  Furnace  of  1,240  Horse-power  and  a  Total 
Power  for  all  Purposes  of  1,365  Horse-power.  Capital  Investment, 
£16,000. 


— _ 

Per  Annum. 

Per  Ton. 

£ 

£ 

s. 

d. 

Coke  :  0-6  x  1500  =  900  tons,  at  £1  10s. 

.  . 

•  • 

1,350 

0 

18 

0 

Lime  :  0-95  x  1500  =  1,425  tons,  at  £2  12s.  6d. 

.  . 

3,741 

2 

9 

10 

Power  :  1,365  h.p.,  at  £4  per  horse-power  year 

5,460 

3 

12 

10 

Labour : — 

£ 

s. 

d. 

Furnace-room  men,  9  at  £4  per  week 

36 

0 

0 

Electrode-mounter,  1  at  £4  per  week 

4 

0 

0 

Regulating -boys,  3  at  £2  per  week 

6 

0 

0 

Crushing  and  packing,  6  at  £3  12s.  per  week 

21 

12 

0 

Raw  materials,  3  at  £3  per  week 

9 

0 

0 

Foreman,  1  at  £5  per  week 

5 

0 

0 

Men  and  boys,  23,  per  week  . . 

81 

12 

0 

Total  per  annum 

.  . 

4,243 

2 

16 

5 

Renewal  of  electrodes  :  69-3  lb.  at  4d.  per  pound 

=  £1 

3s. 

2d. 

per  ton  of  carbide:  1,500  tons  at  £1  3s.  2d. 

1,738 

1 

3 

2 

Maintenance  and  renewals  of  furnace  and  plant 

600 

0 

8 

0 

Packing,  at  £2  10s.  per  ton 

3,750 

2 

10 

0 

Management  and  general 

1,875 

1 

5 

0 

Depreciation,  at  8  per  cent,  on  capital 

1,280 

0 

17 

1 

Total  cost  of  production  . . 

23,412 

16 

0 

4 

Profit  at  (say)  10  per  cent,  on  capital 

1,600 

1 

1 

4 

Selling-price 

25,012 

17 

1 

8 

Table  6. 

Calcium  Carbide.- — Cost  of  Producing  Carbide  for  Large  Output  of  6,000  Tons 
per  Annum  and  over,  given  by  Mr.  Charles  Bingham  in  his  Work  on  the 
Manufacture  of  Carbide  of  Calcium. 

(The  itemized  values  are  per  ton  of  furnace  output,  with  an  additional  item  to  cover 
losses  in  crushing  and  packing.  The  total  cost  is  therefore  per  ton  of  packed 


carbide. ) 

Per  Ton. 

£  s.  d. 

Coke,  at  22s.  per  ton  .  .  .  .  .  .  .  .  0  13  8 

Lime,  at  23s.  per  ton  .  .  .  .  .  .  .  .  1  1  10 

Power  ..  ..  ..  ..  ..  ..136 

Labour  .  .  . .  .  .  .  .  . .  0  19  3 

Renewal  of  electrodes ..  ..  ..  ..  ..090 

Maintenance  and  renewal  of  plant  . .  . .  ..032 

Packing  .  .  . .  . .  .  .  .  .  1  10  0 

Management  and  general  ..  ..  ..  ..1111 

Depreciation  . .  . .  .  .  .  .  0  10  10 

Losses  in  crushing  and  packing  .  .  . .  ..033 


Total  cost  of  production 


. .  £8  5  7 
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THE  OCCASIONAL  OCCURRENCE  OF  AUSTRALIAN  AND 
SOUTH  SEA  ISLAND  MOLLUSCS  IN  NEW  ZEALAND. 

By  Miss  M.  K.  Mestayer. 


Of  tropical  and  South  Pacific  marine  shells,  the  cone  shells,  belonging  to 
the  genus  Conus ,  are  perhaps  among  the  best  known,  as  they  are  to  be 
found  in  almost  any  gathering  of  South  Sea  Island  shells,  and  their  graceful 
shape  and  beautiful  colouring  make  them  general  favourites. 

In  his  Catalogue  of  the  Marine  Mollusca,  1873,  p.  23,  the  late  Captain  F.  W.  Hutton 
recorded  two  species  of  Conus  as  belonging  to  New  Zealand,  Conus  zealandicus  sp.  nov. 
and  Conus  distans  Hwass,  N.Z.  (Gumming).  The  type  of  Conus  zealandicus  is  in  the 
Dominion  Museum. 

Dr.  von  Martens,  in  his  Critical  List  of  the  Mollusca  of  New  Zealand,  p.  17,  writes  : 
“  ?  Conus.  I  am  not  aware  that  any  species  of  this  beautiful  genus  has  been  found 
by  later  naturalists  in  New  Zealand,  but  among  the  older  conchologists  New  Zealand 
is  mentioned  by  Favanne,  in  the  third  edition  of  D’Argenville’s  Conchyliologie,  1780, 
vol.  2,  pp.  536,  606,  691,  700,  702,  and  722,  as  the  locality  of  some  species  of  Conus,  in 
which  we  may  recognize  C.  fuscatus  Born,  fulmineus  Gmel.,  hyaena,  inf  or  mis,  and  eques 
Hwass,  and  by  Hwass  himself  in  his  monograph  of  this  genus  in  the  French  Encyclopedic 
methodique  for  C.  distans  Solander.  As  all  these  are  species  belonging  to  the  Indian 
Sea  or  to  the  intertropical  Pacific,  we  may  infer  that  they  were  collected  on  one  of 
Cook’s  voyages  elsewhere,  but  not  in  New  Zealand ;  G.  v.  Frauenfeld  enumerates 
C.  marmoreus,  hebraeus,  eburneus,  virgo,  cajpitaneus,  mileo,  striatus,  and  textile.  (See 
above.)  ” 

In  the  Manual  of  New  Zealand  Mollusca,  1880,  F.  W.  Hutton,  p.  41,  the  only 
addition  to  the  original  description  of  C.  zealandicus  Hutton  is  the  remark,  “  A  single 
specimen  from  the  Bay  of  Islands  is  in  the  Wellington  Museum.” 

Two  fossil  species  were  recorded  and  described  by  Captain  F.  W.  Hutton  in  his 
Catalogue  of  the  Tertiary  Mollusca  and  Echinodermata  of  New  Zealand,  1873,  p.  10— 
C.  ornatus  and  C.  trailli  from  Awamoa.  These  types  are  in  the  Dominion  Museum. 

In  Trans.  N.Z.  Inst.,  vol.  14,  1882,  p.  169,  “  Notes  on  New  Zealand  Mollusca,” 
Mr.  Justice  Gillies  writes  :  “  Conus  aplustre  Peeve,  add.  to  the  Catalogue  (1880). 
I  have  a  single  specimen  from  the  Bay  of  Islands,  but  it  is  doubtful  whether  either 
this  or  C.  zealandicus  really  belong  to  New  Zealand.  They  may  have  been  dropped 
from  some  South  Sea  whaler,  of  which  many  visit  the  Bay  of  Islands.” 

So  far  as  I  know,  there  has  been  no  fresh  record  of  the  occurrence  of  this  genus  in 
New  Zealand  since  the  above  note  was  published.  Captain  Hutton  stated  that  his 
C.  zealandicus  was  allied  to  C.  anemone  Lamarck,  from  Australia  ;  Mr.  H.  Suter  says 
they  are  identical.  In  the  Tryon  and  Pilsbry  Manual  of  Conchology  (I),  vol.  6, 
pp.  67,  68,  pi.  21,  figs.  40,  41,  Conus  aplustre 
Reeve  is  described  and  figured,  and  C. 
zealandicus  Hutton  is  classed  as  a  synonym. 

C.  anemone  Lamarck  is  also  described  and 
figured  in  the  same  volume,  and  seems  to 
have  more  spiral  ribs  than  C.  zealandicus. 

Early  in  1917  the  lighthouse- 
keeper  at  Farewell  Spit  picked  up  a 
living  specimen  of  C.  marmoreus  Lin¬ 
naeus,  which  he  gave  Captain  Bollons. 

It  is  about  half-grown,  the  measure¬ 
ments  being — length,  32  mm.  ;  major 
diameter,  17  mm.  ;  minor  diameter, 

5  mm.  The  specimen  was  photo¬ 
graphed  by  Mr.  J.  McDonald,  of  the 
Dominion  Museum.  It  is  in  very 
good  condition,  clean  and  well  marked, 


Fig.  1. — Conus  maunoreus  Linnaeus, 
Farewell  Spit. 
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as  the  accompanying  figure  shows.  Captain  Bollons  also  has  in  his 
collection  several  small  beach-worn  specimens  of  Conus  which  he  picked 
up  at  Cape  Maria  van  Diemen. 

All  the  evidence  seems  to  show  that  our  coasts  are  occasionally  visited 
by  members  of  this  genus,  possibly  brought  here  adhering  to  ships’  bottoms, 
or  on  floating  logs,  pumice,  &c.,  which  may  be  carried  to  these  shores  by 


Fig.  2. — Ericusa  sowerbyi  Kiener,  Evans  Bay. 

winds  and  currents.  Mr.  Suter  and  Captain  Bollons  doubt  their  being 
true  members  of  our  New  Zealand  fauna. 

In  Proc.  Malac.  Soc.,  vol.  9,  1910,  p.  71,  Mr.  T.  Iredale  records  finding 
C.  vermiculatus  Lamarck  and  C.  minimus  Linnaeus  at  the  Kennadec 
Islands. 

It  would  be  interesting  to  know  if  any  members  of  this  genus  had  been 
obtained  anywhere  else  in  New  Zealand. 

Another  genus  which  is  usually  well  represented  in  collections  of 
Australian  and  South  Sea  shells  is  Voluta.  The  shell  is  somewhat  the  shape 
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of  the  Conus,  but  the  spire  is  much  longer  and  the  mouth  wider.  There 
are  a  number  of  species  found  in  Australia,  most  of  them  larger  and 
handsomer  than  ours.  We  have  several  species,  of  which  the  largest, 
Voluta  arabica  (Martyn),  is  fairly  common,  and,  living  on  sandy  beaches 
rather  below  low-water  mark,  is  frequently  brought  up  in  the  fishermen’s 
nets.  It  was  in  this  way  that  over  twenty  years  ago  I  picked  up  in  Evans 
Bay,  Wellington  Harbour,  a  particularly  beautiful  specimen  of  a  Voluta, 
which  until  a  few  weeks  ago  was  classed  as  Voluta  arabica  (Martyn). 
I  recently  showed  it  to  Mr.  W.  B.  B.  Oliver,  and  he  declared  it  to  be 
Voluta  fusiformis  Swainson.  It  is  about  6  in.  in  length,  smooth,  rather 
highly  polished,  and  beautifully  marked  with  chestnut-brown  longitudinal 
zigzags.  Mr.  C.  Hedley,  of  the  Australian  Museum,  Sydney,  has  since  con¬ 
firmed  the  identification,  but  he  has  pointed  out  that  the  species  now  passes 
under  the  name  of  Ericusa  sowerbyi  Kiener.*  As  Ericusa  sowerbyi  Kiener 
is  an  Australian  species,  it  may  have  come  to  New  Zealand  adhering  to  the 
bottom  of  some  ship  ;  and  possibly  it  may  have  been  knocked  off  by  the 
vessel  being  put  on  the  Patent  Slip. 

When  this  specimen  was  obtained  it  was  a  common  thing  to  find  more 
or  less  perfect  specimens  of  Voluta  arabica  (Martyn)  which  had  come  up 
in  the  nets,  but  some  time  ago  when  I  was  along  that  beach  there  was  no 
sign  of  any  having  come  up.  Possibly  that  part  of  the  bay  is  no  longer 
netted. 


ASTRONOMICAL  NOTES. 

It  is  intended  to  publish  in  this  column  notes  from  the  astronomical 
observatories  and  societies,  and  from  amateur  astronomers  of  New  Zea¬ 
land.  Contributions  for  this  column  are  therefore  invited,  and  should  be 
forwarded  to  the  Government  Astronomer,  Wellington. 

The  mean  time  used  in  these  notes  (unless  otherwise  stated)  is  civil 
mean  time  for  the  meridian  12h.  east  of  Greenwich,  and  the  hours  are 
counted  from  0  to  24.  Oh.,  or  24h.  =  midnight.  To  find  the  corresponding 
New  Zealand  civil  mean  time  subtract  30  minutes ;  to  find  the  corre¬ 
sponding  Greenwich  mean  time  subtract  1  day. 

Phenomena,  1918. 


d. 

h. 

m. 

5 

1 

33 

7 

23 

8 

0 

8 

5 

46 

8 

13 

19 

10 

1 

10 

21 

48 

11 

16 

34 

12 

23 

11 

15 

2 

19 

15 

23 

17 

9 

18 

16 

8 

19 

7 

15 

19 

14 

44 

April. 

Moon,  last  quarter. 

Mercury  greatest  heliocentric  latitude  north. 

Mercury  at  greatest  elongation,  19°  19'  E. 

Uranus  in  conjunction  with  the  moon.  Uranus,  5°  34'  S. 
Venus  in  conjunction  with  the  moon.  Venus,  3°  14'  S. 
Saturn  stationary. 

Moon  in  perigee. 

New  moon. 

Mercury  in  conjunction  with  the  moon.  Mercury,  0°  32'  S. 
Jupiter  in  conjunction  with  the  moon.  Jupiter,  1°  38'  S. 
Neptune  stationary. 

Mercury  stationary. 

Moon,  first  quarter. 

Neptune  in  conjunction  with  the  moon.  Neptune,  3°  19'  N. 
Saturn  in  conjunction  with  the  moon.  Saturn,  4°  41 '  N. 


*  C.  Hedley,  Studies  on  Australian  Mollusca,  Part  xii,  Proc.  Linn.  Soc.  N.S.W. , 
vol.  39,  pp.  695-755  (see  p.  724),  1915. 


The  N.Z.  Journal  of  Science  and  Technology. 


105 


1918.] 

d. 

h. 

m. 

21 

18 

22 

19 

14 

23 

7 

23 

11 

6 

25 

21 

26 

20 

5 

27 

15 

27 

15 

29 

14 

1 

10 

4 

10 

26 

5 

15 

7 

7 

23 

7 

9 

4 

9 

22 

28 

9 

23 

11 

1 

1 

11 

16 

12 

22 

13 

16 

15 

50 

17 

0 

56 

18 

8 

14 

19 

23 

20 

7 

58 

21 

2 

30 

25 

2 

26 

10 

32 

27 

13 

April — continued . 

Venus  at  greatest  elongation,  46°  15'  W. 

Mars  in  conjunction  with  the  moon.  Mars,  8°  6'  N. 

Venus  in  descending  node. 

Moon  in  apogee. 

Neptune  in  quadrature  with  the  sun. 

Full  moon. 

Mercury  in  inferior  conjunction  with  the  sun. 

Mars  stationary. 

Saturn  in  quadrature  with  the  sun. 

May. 

Mercury  in  descending  node. 

Moon,  last  quarter. 

Uranus  in  conjunction  with  the  moort.  Uranus,  5°  50'  S. 
Venus  in  conjunction  with  the  moon.  Venus,  6°  5U  S. 

Moon  in  perigee. 

Mercury  in  conjunction  with  the  moon.  Mercury,  6°  33'  S. 
Mercury  stationary. 

New  moon. 

Mercury  in  aphelion. 

Jupiter  in  conjunction  with  the  moon.  Jupiter,  0°  57'  S. 
Neptune  in  conjunction  with  the  moon.  Neptune,  3°  32'  N. 
Saturn  in  conjunction  with  the  moon.  Saturn,  4°  57'  N. 
Moon,  first  quarter. 

Uranus  in  quadrature  with  the  sun. 

Mars  in  conjunction  with  the  moon.  Mars,  7°  7'  N. 

Moon  in  apogee. 

Mercury  at  greatest  elongation,  25°  12'  W. 

Full  moon. 

Venus  in  aphelion. 


The  Planets  for  March  and  April. 


Mercury  is  not  in  a  favourable  position  for  observation. 

Venus  became  a  morning  star  on  February  10,  and  remains  so  until 
November  24.  Venus  is  crescent-shaped  at  the  beginning  of  March,  and 
reaches  half-moon  phase  on  April  20. 

Mars  is  favourably  situated  for  observation  during  March  and  April, 
but  the  planet  is  so  far  distant  from  the  earth  as  to  show  a  comparatively 
small  disc. 

Jupiter  is  an  evening  star,  and  gradually  becomes  less  favourably  situated 
for  observation. 

Saturn  was  in  opposition  on  February,  and  is  favourably  situated  for 
observation  in  March  in  the  early  evening. 


Eclipses,  1918. 

In  the  year  1918  there  will  be  three  eclipses — two  of  the  sun  and  one  of 
the  moon. 

(1.)  A  total  eclipse  of  the  sun,  June  8  G.M.T.  Invisible  in  New  Zealand. 

(2.)  A  partial  eclipse  of  the  moon,  June  23-24  G.M.T.  Visible  in  New 
Zealand. 

(3.)  An  annular  eclipse  of  the  sun,  December  3  G.M.T.  Invisible  in 
New  Zealand. 

Long-period  Variable  Stars. 

The  following  table  gives  particulars  of  the  charts  of  long-period  vari¬ 
able  stars.  These  charts  are  paper  prints  8  in.  by  10  in.  in  size,  enlarged 
from  photographs,  to  a  scale  of  20  in.  =  1  mm.  for  the  fainter  variables, 
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and  to  a  scale  of  60  in.  =  1  mm.  for  the  brighter  variables.  For  many  of 
the  latter  the  enlargements  are  made  from  the  charts  of  the  Bonn  Durch- 
musterung.  On  some  of  the  photographs  the  image  of  each  bright  star  is 
accompanied  by  a  faint  one,  produced  by  a  small  prism  placed  in  front  of 
the  objective,  for  photometric  purposes. 

The  charts  have  been  forwarded  by  Professor  Edward  C.  Pickering, 
Director  of  the  Harvard  College  Observatory,  Cambridge,  Mass.,  U.S.A.,  to 
the  Hector  Observatory,  Wellington. 

Column  1  contains  the  designation  of  the  variable  in  hours  and  minutes 
of  right  ascension,  and  degrees  of  declination,  southern  stars  being  indi¬ 
cated  by  italics.  The  first  two  figures  give  the  hours,  and  the  second 
two  the  minutes  of  right  ascension,  while  the  last  two  give  the  degrees  of 
declination.  Column  2  gives  the  name  of  the  variable.  Columns  3,  4, 
and  5  give  the  maximum  and  minimum  magnitudes,  and  the  period  in 
days. 


List  of  Variables. 

Designation. 

Name. 

Max. 

Magnitude. 

Min. 

Magnitude. 

Period. 

Days. 

001032 

S  Sculptoris 

6-6 

12-8 

366 

001862 

S  Tucanae 

.  .  8-7 

<11-3 

240 

002438a 

T  Sculptoris 

. .  7-8 

11-4 

201-5 

002438b 

RR  Sculptoris 

.  .  9-0 

11-5 

005475 

U  Tucanae 

.  .  9-1 

13-0 

258 

010630 

U  Sculptoris 

.  .  9-0 

<13  ? 

328 

025050 

R  Horologii 

.  .  5-9 

12-0 

405 

025751 

T  Horologii 

. .  8-0 

11*8 

218*2 

043263 

R  Reticuli 

. .  7 

12 

273-4 

050848 

S  Pictoris 

.  .  8-7 

<13-9 

428-5 

051247 

T  Pictoris 

.  .  8-4 

12-4 

200 

054331 

S  Columbae 

.  .  9-0 

<12-0 

325-5 

054629 

R  Columbae 

.  .  8-0 

12-5 

323 

070772 

R  Volantis 

.  .  8-7 

11-5 

421 

074241 

W  Puppis 

.  .  8-7 

12-6 

120-8 

082476 

R  Chamaeleontis 

.  .  8-9 

12-8 

335 

091868 

RW  Carinae 

.  .  8-5 

<11-5 

322 

092962 

R  Carinae 

.  .  4-5 

10-0 

309-3 

094953 

Z  Velorum 

.  .  8-8 

12-5 

407 

100661 

S  Carinae 

.  .  5-8 

9-0 

148-7 

101153 

W  Velorum 

.  .  8-2 

<12-0 

390-5 

103270 

RZ  Carinae 

.  .  9-0 

<13-2 

272 

110361 

RS  Carinae 

.  .  8 

<14 

111661 

RS  Centauri 

. .  9-2 

<12-9 

166 

114441 

X  Centauri 

. .  7-3 

13-0 

313-9 

115058 

W  Centauri 

.  .  8-6 

13-1 

203 

131283 

U  Octantis 

.  .  7-8 

12-2 

300-9 

133155 

RV  Centauri 

.  .  9-0 

<12-6 

o  . 

134677 

T  Apodis 

..  8-1 

<  12-0 

269 

145971 

S  Apodis 

.  .  9-0 

<11-3 

355  ? 

153654 

T  Normae 

.  .  7-0 

12-0 

243-9 

154736 

R  Lupi 

. .  9-0 

<12  ? 

234-5 

164844 

RS  Scorpii 

.  .  7-0 

11-4 

323 

165636 

RT  Scorpii 

.  .  9-2 

<12-9 

447 

174162 

W  Pavonis 

.  .  91 

<12-8 

282 

180363 

R  Pavonis 

. .  8-0 

12-0 

229 

182133 

RV  Sagittarii 

.  .  8-2 

12-3 

319 

191033 

RY  Sagittarii 

6-5 

<11-5 

Irr. 

193972 

T  Pavonis 

.  .  7-3 

<12-5 

244 

200747 

R  Telescopii 

. .  8-4 

11-6 

462 

202240 

U  Microscopii 

.  .  8-5 

<12-5 

333 

204954 

S  Indi 

..  8-6 

<12-5 

404 

212030 

S  Microscopii 

. .  7-9 

11-5 

213-2 

223462 

T  Tucanae 

.  .  8 

<14 

250-6 

<  This  list  is  from  Harvard  Observatory  Circular,  166. 
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Some  of  the  charts  have  already  been  lent  to  amateur  astronomers,  and 
the  remainder  are  available  for  loan  to  those  who  are  prepared  to  observe 
the  variables.  Applications  for  the  loan  of  charts  should  be  addressed  to 
the  Government  Astronomer,  Hector  Observatory,  Wellington. 


Greenwich  Time. 

An  old  legal  blunder,  which  is  constantly  cropping  up  at  some  petty- 
sessional  Court,  consists  in  computing  “  sunset  ”  by  Greenwich  time  instead 
of  local  time.  Under  various  Acts  of  Parliament  persons  riding  in  vehicles 
“  during  the  period  between  one  hour  after  sunset  and  one  hour  before 
sunrise  ”  must  comply  with  certain  rules  as  to  lights  there  laid  down,  but 
which  have  been  greatly  modified  under  the  Defence  of  the  Realm  Regu¬ 
lations.  Now,  under  the  Definition  of  Time  Act,  1880,  “  Greenwich  time  55 
is  to  be  treated  as  the  standard  for  the  purpose  of  any  Act  of  Parliament. 
Hence,  at  one  time,  Justices  not  unnaturally  supposed  that  “  sunset 55  was 
to  be  ascertained  by  taking  the  Greenwich  almanac.  But  “  sunset  ”  is  not 
a  “  time  ”  within  the  meaning  of  the  Act — it  is  a  ct  season,”  and  the  exact 
time  at  any  particular  place  must  be  ascertained  by  evidence.  The  decision 
we  have  quoted  is  now  the  accepted  law  in  this  point. — ( The  Law  Journal.) 

Comet  1846  IV  (De  Vico). 

P.  Hiigler  gives  the  following  search-ephemerides  for  Comet  1846  IV 


(De  Vico)  : 

Perihelion . . 

1921,  Nov.  20 

1920,  Nov.  21 

1919,  Nov.  20 

1918,  Nov.  20 

1917  Nov.  20 

1917- 

-18. 

R.A.  Dec. 

h.  m.  o 

R.A. 
h.  m. 

Dec. 

O 

R.A. 
h.  m. 

Dec. 

O 

R.A. 
li.  m. 

Dec. 

O 

R.A. 
h.  m. 

Dec. 

O 

April 

1  .. 

17 

48  -69-9 

18 

3 

-72-6 

18 

37 

-76*3 

20 

42 

-80-9 

2 

5 

-69-0 

May 

11  .. 

17 

28  -72-0 

17 

39 

-75-2 

18 

8 

-80-1 

22 

50 

-86-1 

4 

0 

-60*1 

June 

20  .. 

16 

50  -72-4 

16 

43 

-76-0 

16 

20 

-81*4 

8 

23 

-86-9 

5 

34 

-50*1 

July 

30  .. 

16 

18  — 71-1 

15 

58 

-74*3 

15 

5 

-78-6 

10 

54 

-81*7 

6 

56 

—42*4 

Sept. 

8  .. 

16 

11  -69*1 

15 

52 

—  71*7 

15 

6 

-75*3 

12 

26 

-78*4 

8 

10 

-36*6 

Oct. 

18  .. 

16 

26  -67-6 

16 

13 

-70-0 

15 

44 

—  73*4 

14 

1 

-77*9 

9 

41 

—  27-1 

Nov. 

27  .. 

16 

53  -67*1 

16 

49 

-69-6 

16 

41 

-73-1 

16 

6 

-79-3 

15 

49 

+21-9 

Jan. 

6  .. 

17 

24  -67-8 

17 

32 

-70*4 

17 

49 

-74*2 

19 

17 

-80-7 

18 

15 

+  17-5 

Feb. 

15  .. 

17 

52  -69*6 

18 

12 

-72-5 

19 

5 

-76-6 

23 

4 

-78-1 

18 

53 

+  15-2 

Mar. 

27  .. 

18 

3  -72-2 

18 

36 

-75-8 

20 

3 

-80*3 

1 

48 

-71*0 

18 

56 

+  17-3 

The  values  of  log.  r  are  1*092  4  years  before  perihelion,  1*012  3  years 
before  perihelion,  0*895  2  years  before  perihelion,  0*686  1  year  before  peri¬ 
helion. 

Dr.  A.  C.  D.  Crommelin  states  that  we  can  increase  the  dates  of 
column  1  by  a  year  if  we  also  increase  the  assumed  time  of  perihelion  by 
a  year.  1921,  November,  is  considered  the  most  probable  time  of  perihelon 
passage,  but  the  uncertainty  is  estimated  as  3  years.  It  will  be  seen  that 
the  opportunity  for  search  is  limited  to  southern  observers. 
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DEPARTMENTAL  REPORTS. 

Notes  on  the  Geology  of  the  Murchison  District. 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  Geological  Survey  Department. 

Introduction. 

In  1860  Dr.  Haast  (afterwards  Sir  Julius  von  Haast)  passed  through  the 
Murchison  district  on  his  way  to  the  West  Coast.  His  route  was  along 
the  Buller  River  to  the  Maruia  Junction  and  thence  southward  along  the 
valley  of  the  latter  stream.  In  1883  Cox  visited  the  district  and  compiled 
a  geological  map  ;  in  1888  Park  examined  an  area  lying  a  little  to  the  north¬ 
eastward  ;  and  in  1895  McKay  reported  on  the  origin  of  the  alluvial  gold 
that  was  found  in  payable  amount  in  some  of  the  stream-beds  of  the 
neighbourhood.  The  views  of  these  writers  will  be  found  in  the  following 
publications  : — 

1861.  Sir  J.  von  Haast,  Report  of  a  Topographical  and  Geological 
Exploration  of  the  Western  Districts  of  the  Nelson  Province , 
New  Zealand,  pp.  10-20,  95-99,  and  122. 

1884.  S.  Herbert  Cox,  On  the  District  between  the  Maruia  and 
Buller  Rivers,  Rep.  Geol.  Explor.  during  1883-84,  No.  16, 

pp.  1-10. 

1888.  James  Park,  On  the  Geology  of  the  Owen  and  Wangapeka  Gold¬ 
fields,  Rep.  Geol.  Explor.  during  1887-88,  No.  19,  pp.  74-88. 

1895.  Alexander  McKay,  Geology  of  the  South-west  Part  of  Nelson 
and  the  Northern  Part  of  the  Westland  District,  Mines 
Reports,  1895,  C.-13,  p.  26.  (Republished  in  C.-9,  1896,  and 
in  pamphlet  form  in  1897.) 

The  rising  township  of  Murchison,  formerly  known  as  Hampden,  is 
situated  at  the  confluence  of  the  Buller  and  Matakitaki  Rivers,  on  the 
southern  bank  of  the  former  and  the  eastern  bank  of  the  latter  stream. 
Within  a  few  miles  on  either  side  of  this  point  the  Buller  receives  in  addi¬ 
tion  the  waters  of  three  large  tributaries,  the  Mangles,  Matiri,  and  Maruia 
Rivers.  An  irregular  area  of  low-lying  country,  known  as  the  Four-river 
Plain,  has  been  formed  by  these  streams.  On  all  sides  rise  steep  hills  which, 
except  towards  the  south,  are  backed  by  rugged  peaks  well  over  4,000  ft. 
in  height.  The  upland  country,  which  is  exceedingly  broken,  is  divided 
by  the  streams  into  meridionally  disposed  ridges,  all  of  which  are  inter¬ 
sected  by  the  Buller. 

General  Geology. 

The  oldest  rocks  in  the  neighbourhood  are  the  greywackes  and  argillites 
that  form  the  upper  slopes  of  the  hills  westward  of  Eight-mile  Creek,  a 
stream  entering  the  Buller  from  the  north  near  the  upper  end  of  he  Lyell 
Gorge.  They  belong  to  the  Aorere  series  of  Bulletins  Nos.  11,  17,  and  18, 
and  are  in  direct  connection  with  the  area  of  these  rocks  that  contains  the 
auriferous-quartz  veins  of  the  Lyell  district.  No  outcrop  of  these  rocks 
was  observed  at  the  foot  of  the  hills,  but  the  Reefton-Nelson  road  is  cut 
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through  a  slope  deposit  in  which  a  large  proportion  of  the  fragments  is 
hornfels,  and  the  gravels  of  Eight-mile  Creek  indicate  that  part  of  its  course 
is  through  greywacke  and  argillite. 

The  granite  that  intrudes  the  rocks  of  the  Aorere  series  outcrops  along 
the  Buller  for  ten  miles  eastward  from  Eight-mile  Creek.  It  is  part  of 
the  great  granite  batholith  that  southward  forms  Victoria  Range  and  north¬ 
ward  Mount  Newton  (4, M3  ft.).  To  the  eastward  of  the  area  mapped* 
occurs  another  mass  of  granite,  from  which  Mount  Murchison  (4,534  ft.) 
has  been  carved. 

Tertiary  rocks  cover  a  large  area,  and  in  the  lower  valley  of  the  Maruia 
are  seen  to  rest  on  the  denuded  surface  of  the  granite.  The  lowest  beds 
are  arkosic  grits,  which,  in  places,  grade  into  thin  inconsistent  bands  of 
quartz  conglomerate  and  at  many  points  are  current-bedded.  These  rocks 
are  overlain  conformably  by  mudstones  darkened  with  carbonaceous  matter 
and  containing  occasional  sandy  layers.  These  in  turn  are  covered  by  a 
second  set  of  quartzose  beds  which  in  upward  sequence  become  finer  and 
calcareous,  grading  into  an  argillaceous  limestone.  The  beds  in  the  locality 
just  described  have  gentle  dips,  and  form  a  syncline  with  the  axis  striking 
marly  east  and  west.  The  limestone  occurs  only  in  the  centre  of  the  fold 
and  forms  a  tableland  bordered  on  all  sides  by  vertical  cliffs.  The  northern 
end  of  this  plateau  overlooks  the  Four-river  Plain,  and  is  known  as  the 
Sphinx  Rock.  The  gently  dipping  beds  extend  southward  for  many 
miles,  forming  the  ridge  of  hills  between  the  valleys  of  the  Maruia  and 
Matakitaki  Rivers,  and  terminating  high  on  the  northern  spurs  of  Mount 
Mantell. 

To  the  westward  of  the  area  above  described  a  narrow  belt  of  steeply 
dipping  limestone  and  argillaceous  sandstone  crosses  the  Buller  at  the  horse¬ 
shoe  bend  one  and  a  half  miles  above  Newton  Flat.  This  zone  of  Tertiary 
beds  is  structurally  involved  in  the  mountains,  and  is  known  to  extend  north¬ 
ward  some  distance  along  the  valley  of  the  Newton.  The  rocks  are  to  be 
expected  also  to  outcrop  in  the  Deepdale  basin,  but  the  writer  did  not  hear 
of  their  occurrence  in  this  difficultly  accessible  valley. 

A  much  wider  zone  of  argillaceous  and  calcareous  beds  standing  at  high 
angles  occurs  to  the  eastward  of  the  Sphinx  Rock  area.  It  extends  north¬ 
ward  across  the  Buller  along  the  western  side  of  the  Matiri  Valley,  reaching, 
it  is  reported,  as  far  north  as  Lake  Matiri,  eight  miles  from  the  Buller.  The 
beds  of  this  zone,  though,  as  a  whole,  decidedly  less  calcareous  than  those 
that  form  the  Sphinx  Rock,  undoubtedly  belong  to  the  same  series.  As 
the  strata  are  followed  upward  they  are  seen  to  pass  into  soft  blue  argil¬ 
laceous  sandstone,  a  rock  which  does  not  appear  to  be  represented  in  the 
Sphinx  Rock  section. 

The  rocks  described  in  the  preceding  paragraph  form  the  hills  overlook¬ 
ing  Murchison  on  the  western  side  of  the  Matakitaki,  but  the  steep  ridges 
on  the  opposite  side  of  that  river  have  been  carved  from  beds  of  conglomerate. 
Thick  highly  inclined  layers  of  this  rock  alternate  with  thinner  beds  of 
argillaceous  sandstone,  blue  mudstone,  and  carbonaceous  shale,  and  out¬ 
crop  as  parallel  rocky  ribs  on  the  grassy  slopes  that  face  the  Buller  for  two 
miles  below  the  confluence  of  the  Mangles.  The  Buller  occupies  a  narrow 
valley  along  the  strike  of  these  rocks  for  eight  miles,  but  the  Mangles,  flow¬ 
ing  from  the  eastward,  cuts  across  their  upturned  edges.  The  conglomerates 
extend  up  the  latter  stream  as  far  as  Blue  Duck  Creek,  but  beyond  this 


*  The  map  referred  to  appears  in  11th  Ann.  Rep.  N.Z.  Geol.  Surv.,  C.-2b,  1917. 
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point  hard  gently  dipping  sandstones  overlain  by  soft  argillaceous  sand¬ 
stone  occur. 

The  individual  pebbles  of  the  conglomerate  bands  are  always  well 
rounded,  and  consist  for  the  most  part  of  hard  siliceous  greywacke,  pro¬ 
bably  derived  from  the  rocks  of  the  Spenser  Mountains,  which  lie  to  the 
south-eastward.  The  matrix  of  the  conglomerate  is  generally  gritty  or 
sandy,  and  in  places  increases  in  amount  until  the  rock  contains  only  a 
few  rounded  pebbles. 

The  exact  position  of  these  conglomerate  and  associated  beds  in  the 
Tertiary  sequence  was  not  determined,  but  they  are  probably  of  about 
the  same  age  as  the  lowest  beds  of  the  Sphinx  Rock  section,  the 
differences  of  the  conditions  of  deposition  accounting  for  the  difference  in 
character. 

The  Pleistocene  and  Recent  deposits  of  the  district  form  the  Four-river 
Plain  and  various  smaller  flats  along  the  streams.  The  latter  are  for  the 
most  part  the  flood-plains  of  the  rivers,  which  once  flowed  at  a  higher  level 
than  at  present,  and  the  deposits  form  the  merest  veneer  over  the  under¬ 
lying  rock.  In  the  Four-river  Plain  and  its  southern  extension  along  the 
valley  of  the  Matakitaki  the  gravels  are  apparently  much  thicker,  and, 
except  at  points  where  the  stream-channels  approach  the  hills,  the  under¬ 
lying  older  rocks  nowhere  outcrop.  On  the  left  bank  of  the  Matiri  near  the 
bridge,  and  again  at  the  road-crossing  over  Husband  Creek,  soft  blue  silts, 
evenly  bedded  and  lying  horizontally,  appear  from  beneath  the  river-gravels. 
This  material  is  known  to  the  alluvial  miners  of  the  district  as  “  pug,”  and, 
in  addition  to  the  two  localities  mentioned,  is  reported  to  form  the  bottom  ” 
at  several  points  along  the  Matakitaki  Valley.  The  silt  is  probably  of 
lacustrine  origin,  and  therefore  it  appears  that  a  lake  or  lakes  once  occupied 
portions  of  the  Four-river  Plain. 

Structure. 

The  structure  of  the  Murchison  district  is  similar  to  that  of  the  West 
Coast  generally.  Several  great  fault-zones  cross  from  north  to  south  and 
divide  the  area  into  a  number  of  earthblocks  which  have  been  warped, 
tilted,  and  moved  differentially.  To  the  westward  lies  the  northern  exten¬ 
sion  of  the  great  horst  that  south  of  the  Buller  forms  the  Brunner  and 
Victoria  Mountains,  while  to  the  eastward  there  is  another  elevated 
earthblock,  from  which  Mounts  Hope  and  Murchison  have  been  carved. 
Between  lies  an  elongated  depressed  area,  the  northern  end  of  which  forms 
the  Murchison  district. 

The  most  westerly  of  the  principal  fault-zones  that  cross  the  Buller 
Valley  in  the  area  mapped  is  that  at  Eight-mile  Creek,  where  several  pug- 
filled  fractures  may  be  seen  on  the  roadside.  The  zone  appears  to  strike 
north-north-eastward,  and  has  probably  determined  the  course  of  the  valleys 
of  Eight-mile  and  Little  Deepdale  Creeks  and  that  of  the  Buller  in  this 
locality.  Another  powerful  fracture  is  marked  by  the  occurrence,  a  little 
east  of  the  Newton  Stream,  of  a  narrow  belt  of  steeply  dipping  limestone. 
The  main  portions  of  the  Newton  and  Deepdale  Valleys  follow  this  fracture, 
and  to  it  is  due  also  the  horseshoe  bend  in  the  Buller  a  mile  and  a  half  above 
Newton  Flat.  Four  miles  farther  eastward  the  edge  of  a  fault-bound  zone  of 
highly  inclined  Tertiary  rocks  is  reached.  These  continue  along  the  northern 
bank  of  the  Buller  for  about  two  miles,  and  are  traversed  by  several  sub¬ 
sidiary  breaks.  The  fault  along  their  western  edge  appears  to  have  a  general 
north  -  and  -  south  course,  and  the  valleys  of  the  Matiri  and  Matakitaki 


Ill 
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probably  follow  a  parallel  fracture  forming  the  eastern  edge  of  the  block. 
A  fault  crosses  the  Mangles  20  chains  above  its  junction  with  the  Buller, 
and  a  fracture-zone  of  more  importance  occurs  about  a  mile  and  a 
half  farther  east.  The  last-mentioned  fault  separates  the  steeply 
dipping  conglomerate  beds  from  the  flat-lying  sandstones  that  occur  to 
the  eastward.  i 

Economic  Geology. 

Sir  Julius  von  Haast  in  1860  washed  colours  of  gold  from  the  gravels 
of  the  Mangles  and  Buller  Rivers ;  and,  since  the  district  is  traversed  by  the 
most  direct  route  between  Nelson  and  the  West  Coast,  the  alluvial  deposits 
were  doubtless  prospected  in  or  soon  after  1865.  The  population  dependent 
upon  mining  was  never  large,  but  the  gravels  of  several  of  the  smaller  streams 
yielded  highly  profitable  returns,  and  the  beaches  and  terraces  of  the  Buller, 
Matakitaki,  and  lower  Mangles  were  worked  for  many  years.  The  most 
extensive  workings  are  in  the  neighbourhood  of  Newton  Flat,  whence  they 
extend  up  the  valley  of  the  Buller  to  beyond  the  junction  of  the  Maruia 
River.  Dredging  began  in  the  late  “  nineties,”  but  was  discontinued  about 
ten  years  ago.  Work,  which  on  the  whole  was  unprofitable,  was  confined 
to  the  lower  valley  of  the  Matakitaki  and  that  portion  of  the  Buller  River 
within  the  Four-river  Plain. 

The  distribution  of  the  gold  shows  that  it  was  derived  from  the  south¬ 
ward.  Practically  none  occurs  in  the  gravels  cf  the  Matiri  and  Newton 
Rivers,  and  little  in  those  of  the  Buller  above  the  confluence  of  the  Mangles. 
The  bed  of  the  last-mentioned  stream  up  to  the  mouth  of  Blue  Duck  Creek 
yielded  a  considerable  amount  of  coarse  gold,  although  only  a  little  fine 
gold  was  obtained  from  it  above  this  point.  Blue  Duck  Creek  itself,  a 
small  stream  entering  the  Mangles  two  miles  above  the  Buller,  was  exten¬ 
sively  and  profitably  worked,  and  probably  furnished  much  of  the  gold 
obtained  from  the  Mangles.  The  basin  of  Blue  Duck  Creek  is  entirely 
within  conglomerates  of  Tertiary  age,  and  that  these  rocks  are  the  imme¬ 
diate  source  of  the  gold  is  practically  certain.  Other  streams  of  which 
the  gravels  were  found  to  be  richly  auriferous,  such  as  Nugget,  Taylor, 
and  Doughboy  Creeks,  also  drain  areas  of  Tertiary  rocks,  as  Cox*  and 
McKayf  long  ago  concluded.  No  doubt  most  of  the  alluvial  gold  of  this 
district  has  been  derived  from  the  Tertiary  conglomerates,  but  some  must 
have  been  furnished  by  the  auriferous-quartz  veins  known  to  occur  near 
the  head  of  Owen  River  and  within  the  basin  of  Wheel  Creek,  a  branch  of 
Maruia  River. 

A  coal-seam  about  4  ft.  in  thickness,  striking  a  little  south  of  east  and 
dipping  northward  at  about  40°,  outcrops  on  the  right  bank  of  Maruia 
River  about  two  miles  and  a  half  above  its  junction  with  the  Buller.  The 
enclosing  rocks  are  grits  that  beneath  the  seam  pass  into  a  quartz  con¬ 
glomerate. 

North  of  the  Buller,  rather  more  than  a  mile  to  the  westward  of  the 
Mangles  junction,  a  coal-seam  2  ft.  in  thickness  was  worked  for  several 
years  while  the  dredges  were  in  operation.  The  mouth  of  the  adit,  10  chains 
north  of  the  road,  was  overgrown  at  the  time  of  the  writer’s  visit,  and 

*  S.  Herbert  Cox,  On  the  District  between  the  Maruia  and  Buller  Rivers,  Rep. 
Geol.  Explor.  during  1883-84,  No.  16,  1884,  p.  9. 

f  A.  McKay,  Geology  of  the  South-west  Part  of  Nelson  and  the  Northern  Part  of 
the  Westland  District,  Mines  Reports,  1895,  C.-13,  p.  26. 
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nothing  of  geological  interest  could  be  seen.  The  Inspector  of  Mines* * * §  states 
that  the  seam  strikes  north-westerly,  and  dips  to  the  north-eastward  at 
about  1  in  1.  Coxf  speaks  of  the  occurrence  in  this  locality  of  two  seams 
respectively  3  ft.  and  4  ft.  thick,  but  these  probably  represent  a  local 
thickening  of  the  seam  above  described.  Coal  is  also  reported  to  outcrop 
on  the  eastern  bank  of  Matiri  River  nearly  five  miles  above  its  junction 
with  the  Buller. 

Analyses  made  in  the  Dominion  Laboratory  of  samples  of  coal  from 
seams  occurring  in  the  Murchison  district  are  as  follows  : — 
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The  coals  in  all  cases  formed  hard  dense  cokes.  Nos.  1  and  2  were 
collected*  by  Cox,  and  are  samples  from  the  3  ft.  and  4  ft.  seams  on  the 
north  side  of  the  Buller  near  Murchison.  Nos.  3-6  are  from  the  same 
locality.  No.  7  is  from  the  4  ft.  seam  outcropping  on  the  east  bank  of 
Maruia  River,  and  worked  during  1915-16  by  Mr.  R.  Fairhall,  of  Newton 
Flat. 


The  Geology  of  the  Te  Kuiti  District,  with  Special  Refer¬ 
ence  to  Coal  Prospects. 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  Geological  Survey  Department. 

Introduction. 

Work  in  the  Te  Kuiti  district  was  begun  late  in  January,  1917,  and 
was  continued  until  the  middle  of  April.  An  area  of  country  about  150 
square  miles  in  extent,  including  parts  of  the  survey  districts  of  Orahiri, 
Mangaoronga,  Otanake,  and  Pakaumanu,  was  examined  in  more  or  less 
detail.  In  addition,  observations  were  made  towards  the  western  coast  of 
the  North  Island  along  the  roads  from.  Te  Kuiti  to  Mokau,  from  Te  Kuiti 
to  Mairoa,  and  from  Waitomo  to  Putake. 

The  main  object  of  the  work  was  to  ascertain  whether  coal-seams  of 
workable  thickness  were  likely  to  occur  beneath  the  limestone  beds  so 

j 

abundantly  developed  throughout  the  district.  Since  a  full  report  is  in 
preparation,  only  a  brief  summary  of  the  information  obtained  will  here 
be  given. 

*  Mines  Reports,  1896,  C.-3b,  p.  5. 

|  Log.  cit.,  p.  6. 

{  Col.  Mus.  &  Lab.,  18th  Ann.  Rep.,  1883,  p.  42. 

§  Col.  Lab.,  28th  Ann.  Rep.,  1894,  p.  4. 

||  Col.  Lab.,  32nd  Ann.  Rep.,  1899,  p.  4. 

TJ  Col.  Lab.,  38th  Ann.  Rep.,  1905,  p.  6. 
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Topography. 

The  area  examined  is  part  of  a  wide  depression  between  the  Rangitoto- 
Tuhua  and  Tawairoa  mountains,  low  ranges  that  lie  respectively  to  the 
eastward  and  westward  of  the  Te  Kuiti  district.  The  surface  consists  of 
a  succession  of  ridges  and  valleys  with  a  general  north-and-south  trend. 
The  drainage  is  northward  to  the  Waipa  River,  a  tributary  of  the  Waikato. 
The  principal  streams  from  west  to  east  are  the  Waitomo,  Mangapu, 
Mangaokewa,  Mangarapa,  and  Manga whero.  The  first  and  last  of  these 
have  independent  courses,  but  the  others,  of  which  the  Mangaokewa  is  the 
largest,  unite  before  joining  the  Waipa  at  Otorohanga.  Near  this  town¬ 
ship  are  also  the  confluences  of  the  Waitomo  and  Manga  whero.  A  few 
miles  to  the  south-eastward  is  the  typical  river-gorge  by  which  the  Waipa 
breaks  from  the  Rangitoto-Tuhua  Range.  The  Mokau  River  flows  in  a 
westerly  direction  immediately  to  the  south  of  the  Te  Kuiti  district,  and 
a  small  portion  of  its  basin  was  also  examined. 

The  highest  points  in  the  neighbourhood  are  the  ridges  and  crests  of 
the  Rangitoto-Tuhua  Range,  which  in  Mount  Rangitoto,  fourteen  miles  east 
of  Te  Kuiti,  reach  a  height  of  2,829  ft.  To  the  westward  the  Tawairoa 
Range  forms  broad  uplands,  which,  in  this  portion  of  their  length,  to  the 
northward  rise  gently  from  1,000  ft.  to  1,851  ft.  above  sea-level  at  Hauturu. 
In  a  general  way  the  surface  rises  from  the  lowlands,  traversed  by  the 
railway,  gently  and  continuously  eastward  and  westward,  and,  on  the  whole, 
there  is  also  a  steady  rise  to  the  southward.  In  this  last  direction  the 
sinuous  watershed  between  the  Waipa  and  Mokau  basins  has,  in  the  centre 
of  the  depression,  an  altitude  of  about  1,000  ft. 

In  the  upland  country  the  headwater  branches  of  all  the  streams  are 
swampy,  and  flow  in  wide,  shallow  valleys.  Down-stream  these  grade  into 
deep,  narrow  gorges,  which  later  open  out  and  finally  merge  into  broad 
terraced  valleys.  These  have  wide  swampy  flood-plains,  traversed  by  the 
streams  in  intricate  meanders.  The  Waipa  is  entrenched  from  10  ft.  to 
15  ft.  below  wide  alluvial  flats,  and  deepening  of  the  stream-beds  has 
proceeded  along  its  branches  for  distances  dependent  on  their  size.  In 
the  neighbourhood  of  Te  Kuiti  remnants  of  two  well-marked  terrace-sets 
exist  at  heights  of  approximately  80  ft.  and  240  ft.  above  the  flats  of  the 
Mangaokewa. 

General  Geology. 

The  oldest  rocks  of  the  Te  Kuiti  district  are  fine-grained  greywackes, 
which,  when  fresh,  have  a  dark-bluish  colour  and  flint-like  appearance. 
The  rocks  are  much  jointed,  and  this,  together  with  the  general  deep 
weathering  they  have  undergone,  makes  determination  of  the  structure 
difficult.  They  appear  everywhere  to  have  steep  dips,  and  strikes  that  do 
not  vary  more  than  a  few  degrees  from  magnetic  north  and  south.  These 
rocks  form  occasional  inliers  in  the  eastern  half  of  the  area  examined  in 
detail ;  they  appear  nearly  continuously  along  its  eastern  boundary,  and 
farther  eastward  form  the  main  mass  of  the  Rangitoto-Tuhua  Range. 
Westward  the  Tawairoa  Range  is  formed  of  these  rocks,  though  they  are 
concealed  to  a  greater  or  less  extent  by  gently  dipping  Tertiary  strata. 
The  greywackes,  which  are  not  known  to  contain  fossils,  are  considered  to 
belong  to  the  Trias- Jura  system. 

In  a  straight  line  nineteen  miles  south-west  from  Te  Kuiti  the  road  from 
this  township  to  Awakino  and  Mokau  crosses  the  Mangaotaki  River.  This 
stream,  a  branch  of  the  Mokau,  exposes  along  its  banks  sandstones^  and 

8 — Science, 
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shales  containing  Inoceramus  and  other  fossils.  These  rocks  outcrop  for 
nearly  two  miles  along  the  road  that  follows  the  eastern  or  Te  Kuiti  side 
of  the  valley,  and  again  appear  for  half  a  mile  along  the  roadside  in  Pangaki 
Creek  several  miles  nearer  Te  Kuiti.  Similar  rocks  were  observed  on  the 
Hauturu  road  twelve  miles  north-west  of  Te  Kuiti,  and  between  two  and 
three  miles  south-west  of  Hauturu  Trig.  In  both  localities  the  beds  strike 
in  a  north-north-easterly  direction,  and  dip  steeply.  These  rocks  are  con¬ 
sidered  to  be  of  Lower  Cretaceous  age. 

The  Mesozoic  rocks  above  described  are  unconformably  overlain  by 
Tertiary  strata,  of  which  the  most  characteristic  beds  are  calcareous.  In 
its  lower  portion  the  limestone  is  massive  and  decidedly  arenaceous,  but 
towards  the  top  the  rock  consists  of  tabular  layers  of  nearly  pure  calcareous 
material.  The  limestone  is  overlain  by  blue  arenaceous  mudstone  con¬ 
taining  shell-fragments  and  Foraminifera.  In  several  localities  the  basal 
rock  is  separated  from  the  limestone  by  thin  deposits  of  fine  conglomerate ; 
in  others,  beds  of  blue  mudstone  intervene  ;  and  in  others,  grits,  shales, 
and  carbonaceous  mudstone,  with  seams  of  brown  coal,  are  to  be  found. 

Locks  of  this  series,  which  is  probably  of  Oamaruian  age,  cover  a  con¬ 
siderable  area  to  the  eastward  of  Te  Kuiti,  but  their  chief  occurrence  is 
along  the  eastern  side  of  the  Tawairoa  Range,  where  they  are  exposed 
continuously  over  a  wide  belt  for  more  than  twenty  miles. 

Overlying  the  Oamaruian  beds  is  a  series  of  sandstones  which  on  the 
one  hand  grade  into  mudstones  and  on  the  other  into  limestones.  These 
rocks  form  the  main  portion  of  the  hills  lying  westward  of  the  railway  in 
the  neighbourhood  of  Te  Kuiti,  but  do  not  appear  to  cover  a  large  area  in 
the  district.  The  limestone,  which  is  more  or  less  tufaceous,  is  typically 
exposed  in  the  neighbourhood  of  Oparure,  a  native  settlement  three  miles 
north-west  of  Te  Kuiti.  Whether  these  beds  are  conformable  or  uncon- 
formable  to  the  Oamaruian  is  unknown.  They  contain  fossils  at  many 
points,  but  these  are  fragile  and  broken. 

A  still  younger  series  of  Tertiary  rocks,  consisting  almost  entirely  of 
thick  massive  beds  of  sandstone,  occurs  in  the  district.  The  lowest  beds 
contain  numerous  pebble-bands  in  which  the  pebbles  are  usually  of  grey- 
wacke,  although  waterworn  fragments  of  soft  calcareous  and  argillaceous 
sandstone  are  to  be  found  in  some  localities.  These  beds  undoubtedly 
lie  unconformably  upon  the  older  Tertiary  rocks.  They  cover  a  consider¬ 
able  area  along  the  centre  of  the  depression  between  the  Tawairoa  and 
Rangitoto-Tuhua  ranges. 

Rhyolitic  tuff  has  a  wide  distribution  in  the  district.  The  commonest 
form  is  a  breccia  consisting  of  a  fine-grained  matrix  containing  numerous 
fragments  of  pumice.  It  recalls  to  some  extent  the  “  wilsonite  ”  of  the 
Waihi  district.  Crystal  tuff  is  also  found  occasionally.  Although  beds  of 
fine-grained  tuff  evidently  laid  down  under  water  occur,  it  is  evident  that 
the  bulk  of  this  rock  is  of  subaerial  deposition.  The  Te  Kuiti  district  is 
near  the  western  fringe  of  the  area  smothered  during  the  great  explosive 
outbursts  of  the  volcanoes  of  the  Taupo  zone. 

Economic  Geology. 

The  Public  Works  Department  has  long  quarried  the  limestone  from 
the  cliff  on  the  western  side  of  the  Mangaokewa,  a  mile  and  a  half  south¬ 
east  of  Te  Kuiti.  The  rock  is  broken  and  used  for  railway-ballast.  Two 
plants  for  the  production  of  ground  limestone  for  use  in  agriculture  have 
been  erected  within  the  last  few  years,  one  immediately  to  the  north  of  the 
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Public  Works  quarry,  the  other  near  the  railway  a  mile  north  of  Te  Kuiti. 
The  calcareous  beds  of  the  district  are  in  several  places  at  least  200  ft.  thick, 
and  large  quantities  of  high-grade  limestone  exist. 

The  coal-measures  that  occur  beneath  the  calcareous  series  to  which  the 
limestone  near  Te  Kuiti  undoubtedly  belongs  form  one  of  the  most  im¬ 
portant  groups  of  coal-bearing  beds  in  New  Zealand.  The  thick  seams  of 
the  Huntly  district  to  the  north,  of  the  Ohura  district  to  the  south,  and 
of  the  Kawhia  district  to  the  north-west  belong  to  these  measures.  Coal 
also  occurs  in  the  neighbourhood  of  Te  Kuiti.  Six  miles  north-eastward 
of  the  town  coal  at  least  5  ft.  in  thickness  outcrops  on  the  road  to  Otewa. 
About  20  chains  to  the  eastward  the  same  seam  appears  in  the  bed  of  the 
Manga whero.  The  stream  flows  over  solid  coal  for  about  7  chains,  but 
owing  to  the  low  dip  of  the  seam  it  is  impossible  by  mere  inspection 
definitely  to  ascertain  its  thickness.  South-south-westward  of  this  locality 
carbonaceous  shale  containing  lenses  of  coal  is  known.  At  two  points, 
one  close  to  where  the  Rangitoto  Road  crosses  the  valley  of  the  Mangarapa, 
and  the  other  near  the  Ahoroa  Road,  three  miles  and  a  half  south-east  of 
Te  Kuiti,  prospect  holes  have  been  sunk  on  this  material,  but  at  the  pre¬ 
sent  time  it  is  impossible  to  see  the  actual  bed.  Other  favourable  features 
are  the  comparative  freedom  of  the  district  from  large  faults,  and  the 
wide  distribution  and  gentle  dip  of  the  Oamaruian  strata. 

Unfortunately,  geological  exploration  discloses  unfavourable  features. 
After  the  writer’s  arrival  in  the  district,  quarries  to  supply  roadmaking 
material  were  opened  in  the  greywacke  near  the  prospect  holes  above 
referred  to,  and  these  showed  that  no  coal-seam  existed  at  either  locality. 
No  other  outcrops  of  coal  were  discovered  to  the  eastward  of  Te  Kuiti, 
although  the  topography  is  favourable  for  their  exposure  should  the  coal 
exist.  Again,  the  coal-measures,  which  in  other  coalfields  of  this  age  in 
New  Zealand  are  hundreds  of  feet  in  thickness,  are  here  poorly  repre¬ 
sented,  and  at  many  points  are  entirely  absent.  The  strata  beneath  the 
limestone  appear  to  thicken  to  the  westward  as  the  beds  disappear  to  the 
dip,  but  where  the  limestone  again  appears  on  the  eastern  flank  of  the 
Tawairoa  Range  the  underlying  beds  are  thin  or  absent. 

For  these  reasons  it  is  considered  unlikely  that  an  extensive  coal-bearing 
area  exists  beneath  that  part  of  the  basin  of  the  Waipa  that  was  examined. 
The  outcrops  of  coal  near  the  head  of  the  Mangawhero  probably  belong 
to  a  seam  covering  a  relatively  small  area,  and  certainly  no  large  amount 
of  level-free  coal  can  exist  to  the  eastward  of  Te  Kuiti. 

Analyses  of  samples  of  the  coal  outcropping  on  the  Otewa  Road,  six 
miles  from  Te  Kuiti,  have  been  made  in  the  Dominion  Laboratory,  with 
the  following  results  : — 

1.  2. 


Fixed  carbon 

. .  25-63 

20-38 

Volatile  hydrocarbons.  . 

. .  34-62 

34-05 

Water 

. .  12-58 

11-70 

Ash 

. .  27-17 

33-87 

100-00 

100-00 

Sulphur 

1-00 

0-95 

The  high  proportion  of  ash  in  these  samples  is  due,  in  part  at  least,  to 
weathering  and  the  introduction  of  foreign  material  by  percolating  surface 
water. 
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REPORTS  OF  MEETINGS. 

New  Zealand  Institute. 

The  annual  meeting  of  the  Board  of  Governors  of  the  New  Zealand 
Institute  was  held  at  the  Dominion  Museum  on  the  29th  and  30th  January, 
1918.  The  following  are  the  resolutions  of  general  interest. 

New  Zealand  Standard  Time. 

The  Wellington  Philosophical  Society  have  circulated  a  printed  report 
suggesting  that  New  Zealand  standard  time,  which  is  at  present  11 J  hours 
ahead  of  Greenwich  time,  should  be  altered  to  become  12  hours  ahead  of 
Greenwich  time.  Besides  the  additional  ease  resulting  in  all  astronomical 
and  nautical  calculations,  the  proposal  would  effect  a  fair  measure  of 
daylight-saving  without  the  inconveniences  attaching  to  most  schemes  of 
this  kind.  It  was  resolved  by  nine  votes  to  five  that  the  New  Zealand 
Institute  endorse  the  proposals  of  the  Wellington  Society. 

Protection  of  Seals. 

In  reference  to  a  previous  resolution  urging  the  protection  of  seals  in 
the  Sounds  National  Park  and  at  Cascade  Point,  a  reply  was  received  from 
the  Minister  of  Internal  Affairs  that  the  matter  must  be  deferred  until  after 
the  war.  It  was  resolved  that  the  New  Zealand  Institute  respectfully  urges 
that  the  protection  of  seals  be  not  delayed  until  the  end  of  the  war,  but 
be  dealt  with  by  a  clause  in  the  Legislative  Amendment  Bill. 

Finance  and  Endowment  of  New  Zealand  Institute. 

The  finance  of  the  Institute  consists  of  a  statutory  grant  of  £500  from 
Government  and  such  levies  as  are  made  on  incorporated  societies.  For 
several  years  the  Institute  has  had  difficulty  in  financing  the  publication 
of  the  research  work  of  its  members.  It  was  resolved  that  strong  repre¬ 
sentations  be  made  to  the  Government  with  the  view  of  obtaining  an 
increased  grant  of  £750  for  this  year  for  the  publication  of  the  Transactions 
and  other  scientific  work.  With  a  view  ultimately  to  making  the  Institute 
independent  of  Government  grants,  it  was  resolved  that  an  endowment 
fund  be  set  up,  the  interest  of  which  may  be  spent  in  any  year  for  any 
purposes  of  the  Institute,  but  the  principal  of  which  may  not  be  spent. 
At  the  close  of  the  meeting  one  of  the  members  paid  his  refunded  travelling- 
expenses  into  the  fund. 

Public  Meetings  of  the  Institute. 

Hitherto  no  public  meetings  of  the  New  Zealand  Institute,  as  apart 
from  the  incorporated  societies,  have  ever  been  held  in  the  fifty  years  of 
the  Institute’s  existence.  It  was  resolved  that  the  Institute  accepts  the 
invitation  of  the  Philosphical  Institute  of  Canterbury  to  hold  a  week  of 
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meetings  in  Christchurch  in  the  autumn  of  1919.  The  intention  is  to  hold 
a  series  of  meetings  on  the  lines  of  those  of  the  British  Association. 

Co-ordination  of  Science  and  Industry. 

It  was  resolved  that  this  meeting  of  the  Board  of  Governors  of  the  New 
Zealand  Institute  considers  it  an  essential  part  of  the  scheme  for  scientific 
and  industrial  research  that  the  proposed  Board  should  be  a  trust  to 
administer  public  and  other  funds  given  for  the  purpose  for  which  it  is  con¬ 
stituted,  and  that  for  the  first  five  years  its  finance  should  not  be  subjected 
to  any  amendment  by  Parliament,  although  duly  audited. 


Board  of  Science  and  Art. 

The  annual  meeting  of  the  Board  of  Science  and  Art  took  place  in 
Wellington  on  the  30th  January,  1918.  The  following  are  the  matters 
dealt  with  of  a  scientific  bearing. 

Publications. 

The  report  of  the  Publication  Committee,  which  was  adopted,  stated 
that  the  present  position  in  regard  to  various  publications  previously  recom¬ 
mended  by  the  Board  for  publication  was  as  follows  : — 

J.  C.  Andersen  :  The  Place-names  of  Banks  Peninsula.  G.  M. 
Thomson  :  A  History  of  Naturalization  of  Animals  and  Plants 
in  New  Zealand. — The  Minister  decided  that  these  should  stand 
over  until  the  end  of  the  war. 

H.  Rands  and  W.  0.  R.  Gilling  :  New  Zealand  Brown  Coals ,  with 
Special  Reference  to  their  Use  (a)  in  Gas-producers  and  (b)  for 
Low-temperature  Distillation. — Professor  W.  P.  Evans  has  com¬ 
pleted  the  editing  of  this  report,  and  the  Minister  has  approved 
of  its  publication  as  the  first  bulletin  of  the  Board  of  Science  and 
Art. 

H.  V.  Rowe  :  Refractory  Clays  of  Canterbury . — The  manuscript  of 
this  report  has  been  lodged  in  the  manuscript  series  of  the 
Dominion  Museum  Library,  and  a  notice  to  this  effect  appears 
in  the  New  Zealand  Journal  of  Science  and  Technology  A 

A.  B.  Jamieson  :  The  Technical  Analysis  of  Auckland  Clays. — 
This  report  is  still  in  the  hands  of  the  editors,  Professors  Thomas 
and  Worley,  of  Auckland. 

G.  M.  Thomson  :  History  of  the  Portobello  Marine  Fish-hatchery. — 
No  recommendation  from  the  Marine  Department  has  yet  been 
received. 

J.  L.  Elmore  :  The  Aboriginal  Rock-paintings  of  New  Zealand. — 
The  Minister  approved  the  recommendation  of  the  Board  that 
this  should  be  published  as  a  bulletin  of  the  Dominion  Museum. 
Mr.  Elmore,  on  returning  to  America,  promised  to  send  an 
address  but  has  not  done  so,  and  the  matter  is  at  present  in 
abeyance. 


*  Cf.  this  Journal,  vol.  1,  No.  1,  p.  4. 
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The  report  of  Mr.  C.  S.  Hicks,  Research  Scholar,  on  “  The  Volatile 
Constituents  of  Red-pine  and  other  New  Zealand  Timbers,”  was  sub¬ 
mitted  to  the  Board  by  the  Director  of  Education,  and  it  was  resolved 
that  Mr.  Hicks  be  asked  to  revise  and  condense  his  report  in  certain  directions 
indicated 


Scientific  and  Industrial  Research. 

It  was  resolved,  That  in  view  of  the  fact  that  a  committee  of  the  New 
Zealand  Institute  with  co-opted  members  has  been  set  up  at  the  instance 
of  the  Efficiency  Board,  and  that  such  committee,  after  consultation  with 
Councils  of  affiliated  societies  has  drawn  up  a  report  which  satisfactorily 
combines  the  views  of  representatives  of  science  and  industry  in  the  chief 
centres,  it  is  not  desirable  for  this  Board  to  proceed  further  in  the  matter. 

Scientific  and  Technological  Library. 

The  Board  endorsed  the  resolution  passed  by  the  New  Zealand  Institute 
on  the  29th  January,  1917' — viz.,  “  That  one  of  the  most  important  steps  in 
the  direction  of  encouraging  the  application  of  science  to  industry  is  the 
formation  of  a  scientific  and  technological  library  in  the  Dominion,  and 
urges  the  Government  to  take  immediate  steps  to  provide  such  a  library.” 

The  Hon.  Mr.  G.  W.  Russell  made  the  following  statement : — 

“  I  recognize  most  fully  that  the  very  foundation  of  scientific  research 
in  New  Zealand  must  be  a  first-class  technological  library.  Unless  such  a 
library  is  established  there  will  be  a  danger  of  the  necessary  work  of 
scientific  research  in  this  country  being  hampered. 

“  I  have  been  considering  with  the  Under-Secretary  for  Internal  Affairs 
whether  it  is  possible  for  us,  out  of  the  £500  set  aside  for  use  by  the 
New  Zealand  Institute  for  scientific  research,  to  make  a  substantial  grant 
towards  the  cost  of  creating  a  technological  library.  There  may  be  legal 
difficulties  in  the  way,  but  if  so  I  hope  they  may  be  surmounted.  If  the 
Audit  Department  is  prepared  to  support  my  action,  I  propose  to  set  aside 
a  sum  of  £250  as  a  start  for  the  establishment  of  this  library. 

“  There  is  also  in  existence  a  scientific  and  technological  library  in  con¬ 
nection  with  the  Patent  Office,  which  is  controlled  by  the  Minister  of  Justice, 
and  I  propose  to  discuss  with  my  colleague  the  desirability  of  that  library 
being  made  available  as  a  part  of  the  larger  library.  The  New  Zealand 
Institute  has  already  promised  to  hand  over  its  valuable  technical  and 
scientific  library  to  the  Government  as  soon  as  a  suitable  fireproof  building 
is  obtained.” 

Dr.  Allan  Thomson  brought  down  suggestions  for  multiple  card-index 
slips  which  would  allow  a  card-index  catalogue  of  the  proposed  library  to 
be  set  up  in  each  of  the  larger  centres.  It  was  resolved  that  the  proposal 
be  approved,  and  that  the  matter  be  referred  to  the  Publication  Committee 
to  act  in  conjunction  with  Dr.  Thomson. 

Appointments. 

The  various  committees  of  the  Board  were  re-elected,  and  Dr.  Thomson 
was  appointed  Hon.  Secretary  of  the  Board.  The  Publication  Committee 
consists  of  Messrs.  C.  A.  Ewen,  H.  E.  von  Haast,  P.  G.  Morgan,  Dr.  L. 
Cockayne,  and  the  Hon.  Secretary. 
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University  of  New  Zealand. 


The  annual  meeting  of  the  University  Senate  was  held  in  Dunedin  in 
January,  1918.  The  following  include  the  resolutions  adopted  in  relation 
to  scientific  matters  : — 

That  agriculture  be  included  among  the  subjects  for  the  ordinary 
degrees  of  Bachelor  of  Arts  and  Bachelor  of  Science. 

That  the  Senate  represent  to  the  New  Zealand  Government  the 
advisability  of  taking  steps  to  encourage  study  and  research  on 
the  subject  of  cancer  and  allied  malignant  diseases. 

That  for  the  purpose  of  encouraging  the  study  of  forestry  the 
University  allocate  £150  a  year  for  three  years  for  a  travelling- 
scholarship  in  Forestry,  provided  that  the  Government  con¬ 
tribute  a  like  sum  towards  the  scholarship  and  make  some 
arrangement  for  the  employment  in  the  Forestry  Department 
of  the  scholar  on  the  expiration  of  his  scholarship. 

The  report  of  the  Science  and  Agriculture  Committee,  which  was  adopted, 
contained  the  following  clause  : — 

“  The  Committee  sympathizes  with  the  general  idea  expressed  by 
Professor  Worlev  as  to  the  desirability  of  encouraging  research  by  the 
appointment  of  assistants  to  professors,  rather  than  by  the  awarding  cf 
scholarships;  but,  as  the  Committee  believes  the  finances  of  the  Senate 
will  not  allow  it  to  subsidize  the  Colleges  for  this  purpose,  the  Committee 
recommends  that  a  copy  of  this  letter  be  forwarded  to  the  College  Councils 
with  a  request  for  their  sympathetic  consideration.” 


The  Degree  of  Bachelor  of  Science. 

The  Senate  finally  adopted  the  new  course  in  Arts  and  Science.  The 
degree  of  B.Sc.  will  after  1918  be  in  pure  science  under  the  following 
statute  : — 

I.  There  shall  be  two  grades  of  subjects — pass  and  advanced.  An  advanced 
subject  requires  at  least  two  years’  study  after  it  has  been  passed  at  the  pass  grade 
in  a  section  of  the  degree. 

II.  The  subjects  of  examination  for  the  degree  shall  be — 


1.  Pure  Mathematics 

2.  Applied  Mathematics 

3.  Physics 

4.  Chemistry 

5.  Zoology 

6.  Botany 

7.  Geology 


(A)  Pass  Grade. 


As  prescribed  in  II  (A)  of  the  statute 
“  Degree  of  Bachelor  of  Arts.” 


(B)  Advanced  Grade. 


1.  Mathematics,  Pure  and  Applied 

2.  Physics 

3.  Chemistry 

4.  Zoology 

5.  Botany 

6.  Geology 

7.  Applied  Physics. 

8.  Physiology. 

9.  Agriculture. 


As  prescribed  in  II  (B)  of  the 
V  statute  “  Degree  of  Bachelor 
of  Arts.” 
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III.  Every  course  for  the  degree  shall  consist  of  either — (a)  Four  pass  subjects 
and  two  advanced  subjects,  or  ( b )  Five  pass  subjects  and  one  advanced  subject  :  Pro¬ 
vided  that  applied  physics  may  be  taken  only  by  a  candidate  who  takes  physics  as  an 
advanced  subject,  physiology  only  by  a  candidate  who  has  taken  physics,  chemistry, 
and  zoology  as  pass  subjects,  and  agriculture  only  by  a  candidate  who  has  taken  any 
three  of  physics,  chemistry,  zoology,  and  botany  as  pass  subjects.  Two  years’  study 
of  applied  physics,  or  physiology,  or  agriculture  shall  be  regarded  as  sufficient. 

IV.  The  first  examination  may  be  taken  after  one  year’s  terms  have  been  kept  ; 
the  final  examination  shall  not  be  taken  until  three  years’  terms  have  been  kept. 

V.  No  candidate  shall  offer,  or  be  credited  with  a  pass  in,  more  than  four  or  less 
than  two  pass  subjects  at  one  examination  :  Provided  that  a  candidate  who  has  been 
credited  with  a  pass  in  all  the  pass  subjects  of  his  course  save  one  may  offer,  or  pass, 
such  pass  subject  by  itself. 

VI.  A  candidate  may  offer,  or  pass,  in  an  advanced  subject  by  itself,  but  no  candi¬ 
date  may  offer  an  advanced  subject  till  two  years  after  being  credited  with  a  pass  in  at 
least  three  pass  subjects. 

VII.  Every  candidate  for  the  degree  of  B.Sc.  shall  at  some  time  before  the  com¬ 
pletion  of  his  course  of  study  present  evidence  of  his  ability  to  read  scientific  works 
in  one  of  the  following  languages — French,  German,  Italian — by  translating  one  or  more 
passages  from  that  language  to  the  satisfaction  of  the  teacher  of  modern  languages  in 
his  college  and  of  the  teachers  of  the  sciences  he  has  presented  in  his  course. 

VIII.  A  graduate  of  the  University  of  New  Zealand  in  Law,  Engineering,  or  Com¬ 
merce,  on  presenting  himself  for  examination  for  the  degree  of  Bachelor  of  Science, 
shall  be  exempt  from  examination  in  any  subject  or  subjects  in  which  he  has  already 
passed  in  obtaining  his  degree,  provided  that,  in  the  year  in  which  he  passed,  the 
definition  of  the  subject  or  subjects  was  identical  for  the  two  degrees. 

IX.  Every  student  intending  to  present  himself  for  examination  shall,  not  later 
than  the  1st  day  of  September  preceding  the  examination,  signify  to  the  Chancellor 
the  subjects  in  which  he  desires  to  be  examined,  and  shall  at  the  same  time  pay  the 
prescribed  fee. 

X.  No  candidate  shall  be  admitted  to  the  final  examination  for  the  degree  of 
Bachelor  of  Science  and  also  to  the  final  examination  for  the  degree  of  Bachelor  of  Arts 
in  the  same  year.  A  Bachelor  of  Arts  may  obtain  the  degree  of  Bachelor  of  Science 
by  keeping  terms  for  two  years,  and  passing  in  three  pass  subjects  (in  which  he  has  not 
already  passed)  from  Nos.  A  1-7  inclusive,  and  in  one  advanced  subject  (in  which  he 
has  not  already  passed)  from  Nos.  B  1-9  inclusive. 

XI.  The  fee  for  examination  in  a  section  of  two,  three,  or  four  subjects  shall  be 
two  guineas,  and  for  examination  in  a  section  of  one  subject  shall  be  one  guinea,  subject 
in  each  case  to  the  provisions  of  the  statute  “  Conduct  of  University  Examinations.” 


RECENT  PAPERS  ON  SCIENTIFIC  AND  INDUSTRIAL 

RESEARCH. 

Report  on  the  Organization  of  Scientific  and  Industrial  Research,  by 

G.  Hogben  and  J.  A.  Thomson.  New  Zealand  Pari.  Paper  H.-47, 

9  pp.,  1917. 

If  British  production  and  manufacture  is  to  hold  its  own  after  the 
war,  the  application  of  the  methods  and  acquired  knowledge  of  science  to 
industry  and  an  enormous  increase  of  research  into  industrial  problems  has 
become,  in  the  opinion  of  all  thoughtful  men,  an  absolute  necessity.  To 
carry  out  these  reforms  much  private  and  public  money  mast  be  spent, 
and  to  ensure  efficiency  in  matters  previously  left  very  largely  to  private 
enterprise  public  bodies  charged  with  the  duty  of  co-ordination  must  be 
set  up.  The  present  report  contains  a  summary  of  the  steps  in  this  direc¬ 
tion  that  have  been  taken  in  Great  Britain,  the  Overseas  Dominions,  and 
in  the  United  States  of  America,  to  create  the  necessary  machinery. 
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GREAT  BRITAIN 

In  1915  a  Committee  of  six  members  of  the  Privy  Council  was  appointed 
to  direct  the  application  of  any  sums  of  money  provided  by  Parliament  for 
the  organization  and  development  of  scientific  and  industrial  research .  The 
real  work,  however,  was  done  by  an  Advisory  Council  of  eight  eminent 
scientific  men  and  by  Standing  Committees  on  particular  branches  of 
industry.  The  sum  voted  for  the  first  year  was  £25,000,  and  for  1916-17 
was  £40,000. 

During  1916,  however,  the  machinery  was  altered,  and  a  Department 
of  Scientific  and  Industrial  Research  was  established,  with  an 
endowment  of  £1,000,000  paid  to  the  Imperial  Trust  for  the  Encourage¬ 
ment  of  Scientific  and  Industrial  Research,  which  is  intended  to  cover 
expenditure  for  the  next  five  years.  This  department  has  stimulated  the 
combination  of  all  firms  engaged  in  a  definite  industry  into  trade  associ¬ 
ations,  and  the  industrial  researches  are  carried  out  under  the  directions 
of  these  associations  and  for  the  benefit  of  all  their  members. 

Imperial  Scheme. 

The  British  Government  have  invited  each  Overseas  Government  to 
constitute  some  body  or  agency  having  functions  similar  to  that  in  Great 
Britain.  It  is  hoped  that  these  bodies  will  co-operate  with  one  another  for 
the  mutual  benefit  of  production  and  manufacture  throughout  the  Empire. 


COMMONWEALTH  OF  AUSTRALIA 

The  Prime  Minister  in  1915  proposed  the  establishment  of  an  Institute 
of  Science  and  Industry,  on  which  his  Government  was  prepared  to  spend 
£500,000.  In  March,  1916,  an  Advisory  Council  was  set  up,  which  with 
subsequent  appointments  now  numbers  thirty-five  members  representative 
of  both  science  and  industry.  It  was  intended  to  be  a  temporary  body, 
designed  to  prepare  the  ground  for  the  permanent  Institute.  Its  work  has 
been  carried  out  mainly  by  an  Executive  Committee,  State  Committees,  and 
Special  Committees  for  particular  investigations. 

One  of  the  first  steps  of  the  Advisory  Council  was  to  make  a  register  or 
census — 

(a.)  Of  Australian  industries,  their  distribution  and  importance  ; 

(6.)  Of  problems  connected  with  them  ; 

(c.)  Of  the  equipment  and  personnel  of  laboratories  available  for  indus¬ 
trial  scientific  research  ; 

(d.)  Of  research  work  in  actual  progress  in  laboratories  and  at  Govern¬ 
ment  experimental  farms  ;  and 

(e.)  Of  the  facilities  available  for  the  proper  training  of  future  scientific 
investigators. 

Twenty  special  committees  were  appointed  up  to  the  30th  June,  1917, 
and  already  four  bulletins  dealing  with  their  work,  two  of  wdiich  are 
reviewed  below,  have  been  published.  The  total  expenditure  from  April, 
1916,  to  June,  1917,  was  only  £3,593. 

CANADA. 

The  Canadian  organization,  inaugurated  in  1916,  closely  follows  the 
lines  of  the  original  British  scheme,  and  consists  of  a  Committee  of  the 
Privy  Council  consisting  of  five  Ministers,  and  of  an  Honorary  Advisory 
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Council  of  eleven  men  representative  of  the  scientific  and  industrial 
interests  of  Canada.  No  details  of  the  work  of  the  Council  are  available. 

SOUTH  AFRICA. 

Towards  the  end  of  1915  the  South  African  Government  appointed  a 
Government  Munitions  and  Industries  Committee,  the  members  beinsr 
entirely  business  men  ;  but  the  work  of  this  committee  by  no  means 
covered  the  whole  field  of  industrial  research.  In  October,  1916,  an 
Industries  Advisory  Board,  with  a  wider  scope,  was  established,  together 
with  a  Scientific  and  Technical  Advisory  Committee  of  ten  members, 
whose  functions  are  similar  to  those  of  the  original  British  Advisory  Council. 
The  Committee  has  begun  its  work  by  instituting  a  general  survey  of  the 
position  in  the  Union  under  forty -eight  special  headings,  covering  a  wide 
range  of  natural  and  manufactured  products  of  South  Africa,  each  portion 
of  the  “  survey  ”  being  entrusted  to  a  scientific  or  technical  expert  as 
reporter. 

NEW  ZEALAND. 

New  Zealand  alone  among  the  larger  self-governing  Dominions  is  in 
the  unenviable  position  of  having  created  no  special  organization  for  the 
co-ordination  of  scientific  and  industrial  research,  although  funds  to  the 
amount  of  £250  in  1916-17  and  £1,250  in  1917-18  have  been  voted  and 
are  being  spent  in  this  direction.  The  report  under  review  contains  the 
recommendations  made  by  various  bodies  which  considered  the  subject 
up  to  October,  1917,  and  should  be  consulted  by  those  specially  interested. 
The  present  position  is  that  a  special  committee  of  the  New  Zealand 
Institute  has  prepared  a  scheme  at  the  request  of  the  National  Efficiency 
Board,  which  has  been  adopted  by  that  Board  with  certain  modifications, 
and  is  now  under  consideration  by  Cabinet. 

UNITED  STATES  OF  AMERICA 

Certain  aspects  of  scientific  and  industrial  research  in  America  are 
referred  to  in  subsequent  reviews.  Less  Government  machinery  for  organ¬ 
ization  has  proved  necessary  than  in  British  communities,  and  the  National 
Kesearch  Council,  founded  with  thirty-seven  members  in  1916,  has  dealt 
as  much  with  military  and  naval  as  with  industrial  problems,  although  the 
latter  are  not  neglected. 

J.  A.  T. 

Industrial  Research  in  the  United  States  of  America,  by  A.  P.  M.  Fleming, 

Science  and  Industry,  No.  1,  60  pp.,  85  plates,  London,  1917. 

Science  and  Industry,  described  as  a  series  of  papers  bearing  on  industrial 
research,  is  issued  by  the  British  Department  of  Scientific  and  Industrial 
Research,  and  this  paper  commences  the  series.  The  author  travelled  in 
America  for  the  British  Westinghouse  Electric  and  Manufacturing  Company, 
and  through  the  courtesy  of  that  company  extended  his  paper  into  the 
present  form. 

Industrial  research  in  the  United  States  may  be  classified  according  to 
whether  it  is  undertaken  by — 

Manufacturing  corporations.  National  institutions. 

Associations  of  manufacturers.  Commercial  laboratories. 

Universities  and  colleges.  Scientific  societies. 
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Space  forbids  a  full  account  of  each  of  these,  and  attention  will  be 
confined  to  research  carried  out  by  manufacturing  corporations.  This 
appears  to  develop  through  more  or  less  well-defined  stages,  as  follows  : — 

{a.)  Eesearch  applied  to  the  elimination  of  manufacturing  troubles. 

(b.)  Eesearch  having  some  new  and  specific  commercial  object. 

(c.)  Eesearches  in  pure  science  with  no  specific  commercial  application 
in  view. 

(d.)  Eesearch  applied  to  public  service. 

(e.)  Eesearch  for  the  purpose  of  establishing  standard  methods  of  testing 
and  standard  specifications  connected  with  the  purchase  of  raw 
materials.  ■ 

The  laboratories  of  some  twenty-one  corporations  are  illustrated  and 
briefly  described,  with  an  account  of  the  number  of  the  staff  and  the  nature 
of  the  research  undertaken.  This  section  of  the  report  ends  with  a  resume 
of  the  principal  features,  which  we  reproduce  in  full  :■ — 

“  [a.)  The  installation  in  many  cases  of  full-scale  manufacturing  facili¬ 
ties,  which  on  the  one  hand  enables  processes  to  be  perfected 
and  the  works  to  be  relieved  from  the  hampering  effects  of 
experimental  developments,  and  on  the  other  hand  gives  the 
laboratory  staff  some  elementary  practical  introduction  to  the 
complexities  of  actual  manufacture  as  contrasted  with  the 
relative  simplicity  of  laboratory  preparation. 

“  (b.)  The  provision  of  manufacturing  facilities  in  the  laboratory  in 
order  to  develop  such  products  as  result  from  new  discoveries 
to  the  point  at  which  the  scale  of  manufacture  calls  for  transfer 
to  one  of  the  works  departments  or  to  a  new  or  separate 
organization. 

“  (c.)  The  growing  tendency  to  devote  more  and  more  of  the  resources 
of  the  laboratories  to  pure  science  investigations  with  a  view 
to  making  discoveries.  Such  discoveries  produce  industrial 
developments  which  will  facilitate  progress  in  industries  already 
established,  or  secure  priority  in  some  new  industrial  field. 

“  ( d .)  The  freedom  with  which  results  of  investigations  in  pure  science 
are  published  by  those  at  whose  expense  the  work  has  been 
accomplished. 

“  (e.)  The  growing  appreciation  of  men  with  scientific  training  not  only 
in  the  research  laboratory,  where  such  training  is  essential,  but 
also  in  regular  manufacturing  employment. 

“  (/.)  The  value  of  research  laboratories  as  a  means  of  inspiring 
confidence  in  the  minds  of  customers,  as  an  effective  ad¬ 
vertisement,  and  as  evidence  of  up-to-date  working  which 
enhances  the  standing  of  the  company  with  whom  they  are 
connected. 

“  (g.)  The  employment  of  the  laboratories  by  financiers  for  the  purpose 
of  ascertaining  the  merits  of  new  industrial  propositions  of 
which  the  value  has  not  been  commercially  established. 

“  (h.)  The  appreciation  of  the  fact  that  well-conducted  research  labora¬ 
tories  on  a  large  scale  are  sound  financial  propositions,  as 
indicated  by  the  increase  in  the  number  of  such  laboratories  as 
parts  of  the  establishments  of  large  firms. 
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“  (i.)  The  fact  that  while  the  lavish  expenditure  of  money  in  many  of 
the  research  laboratories  appears  to  be  wasteful,  and  a  great 
deal  of  work  done  which  leads  to  no  immediate  financial 
return,  the  results  of  a  single  investigation  may  be  of  such 
far-reaching  value  in  industry  as  to  pay  for  all  the  abortive 
investigations.” 

The  report  concludes  with  a  general  discussion  of  the  place  of  research 
in  industry,  and  the  organization  of  British  industrial  research. 

J.  A.  T. 

The  Cattle-tick  in  Australia.  Bull.  No.  1,  Advisory  Council  of  Science 

and  Industry,  Commonwealth  of  Australia,  29  pp.,  Melbourne, 

1917. 

This  bulletin  is  the  report  of  a  special  committee  appointed  by  the 
Commonwealth  Advisory  Council  to  review  the  whole  position  of  the  tick 
pest,  present  and  future,  and  make  recommendations  both  as  to  future 
scientific  research  and  as  to  immediate  remedial  or  preventive  measures, 
whether  by  legislation  or  otherwise.  It  acquires  a  special  interest  for  New 
Zealand  in  view  of  the  recent  discovery  of  the  tick  in  the  North  of  Auckland 
district,  although  fortunately  tick-fever  has  not  yet  made  its  appearance. 
The  fact  that  the  cattle-tick  is  capable  of  giving  rise  to  disease  per  se,  by 
gross  infestation,  must  not,  however,  be  neglected. 

Tick-fever  is  a  specific  disease  of  the  blood  of  cattle  caused  by  a  protozoan 
parasite,  Piroplasma  bigeminum  or  Babesia  bigemina,  which  is  spread  by  the 
cattle-tick,  Boophilus  australis.  Even  after  an  affected  animal  has  recovered 
good  health  it  is  still  a  source  of  danger  to  uninfected  cattle  if  the  tick  is 
about. 

The  report  gives  a  general  account  of  the  history  of  the  pest  in  Australia, 
with  statistics  of  the  losses  caused,  the  symptoms  of  the  fever  and  its  treat¬ 
ment,  the  abortive  results  of  protective  inoculation,  the  life-history  of  the 
tick,  methods  of  eradication,  and  ends  with  recommendations  for  Federal 
control  and  for  further  research  on  points  still  doubtful.  A  campaign  of 
tick-eradication  financed  by  the  Commonwealth  and  loyally  followed  by 
stockowners  should  do  much  to  free  Queensland  of  this  costly  pest. 

J.  A.  T. 

(1)  Potash — an  Investigation  into  its  Economic  Sources  in  South  Aus¬ 
tralia  ;  (2)  Wool-fat — its  Recovery  and  Purification  from  the 

Wool-scouring  Process :  by  D.  C.  Winterbottom.  Bulletin  of 
the  Department  of  Chemistry,  South  Australia,  No.  2,  34  pp., 
1916. 

Potash  from  Plants. — The  author  gives  analyses  of  a  number  of  sub¬ 
stances  examined  in  the  laboratory  of  his  Department,  from  which  one 
learns  that  the  woods  of  various  species  of  Eucalyptus  yield  an  ash  which 
may  contain  from  1-25  to  5-2  per  cent,  of  potash.  What  amount  of  wood 
it  would  take  to  produce  a  ton  of  ash  is  not  stated.  The  author  attempted 
to  extract  the  potash  from  straw,  but  found  that  the  soluble  silica  (60  per 
cent,  of  the  ash)  was  present  in  such  great  proportion  as  to  render  the 
lixiviation  of  potash  salts  unmanageable.  He  concludes  from  his  analyses 
of  sundry  garden-plants,  bracken,  &c.,  that  generally  speaking  the  plant- 
life  of  Australia  has  a  lower  potash-content  than  that  of  European  countries. 
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The  following  South  Australian  seaweeds  were  examined,  the  figures  in 
parenthesis  being  the  potash-content  of  the  ash  : — 

(1.)  Posidonia  australis  (06  per  cent.). 

(2.)  Macrocystis  kelp  (6'0  per  cent.). 

(3.)  Ecklonia  radiata  (10-0  per  cent.). 

(4.)  Seriococeus  axillaris  (102  per  cent.). 

Samples  (3)  and  (4)  contained  an  appreciable  quantity  of  iodine. 

Macrocystis  jpyrifera  is  abundant  along  the  rocky  coasts  of  New 
Zealand. 

Ecklonia  radiata  is  common  along  the  shores  of  the  North  and  South 
Islands  of  New  Zealand. 

Potash  from  Wool. — The  author  finds  that  merino  fleece  wools  do  not 
give  the  yields  of  potash  reported  by  earlier  Australian  authorities,  being 
only  2  to  3  per  cent,  to  cold  water.  On  the  other  hand,  the  potash  from 
stained  pieces  and  locks  was  much  higher  than  that  from  the  fleece  wools, 
being  from  4*5  to  6-25  per  cent.  “  potashes.”  The  author  suggests  that 
the  decrease  in  the  yield  of  potash  over  that  obtained  thirty  or  forty  years 
ago  from  fleeces  is  owing  to  the  increase  in  the  average  size  of  the  fleece, 
assuming  that  the  amount  of  sweat  produced  is  the  same,  but  spread  over 
a  larger  amount  of  wool.  The  reason  why  the  locks,  skirting,  and  pieces 
should  contain  more  potash  than  the  fleeces  the  author  explains  by  the 
fact  that  the  sweat  (the  solids  of  which  are  technically  known  as  “  suint  ”) 
containing  the  potash  exudes  in  greater  quantity  in  some  parts  of  the  body 
than  others,  that  it  collects  and  runs  down  on  the  lower  parts  of  the  fleece, 
and  that,  being  largely  soluble  in  cold  water,  it  is  dissolved  in  light  rains  and 
dews,  and  tends  to  concentrate  by  gravitation  on  the  lower  skirting,  locks, 
and  pieces. 

The  author  suggests  the  following  method  for  scouring  wool  in  order 
to  recover  the  potash.  At  present  the  wool  is  run  through  the  scouring- 
bowls  in  a  scour  solution  of  sodium  carbonate.  If  it  were  intended  to 
recover  the  potash,  it  would  first  be  necessary  to  run  the  wool  through  an 
ordinary  wash-bowl  or  Malard  steeping-machine  containing  tepid  water 
only,  without  any  chemicals.  This  would  dissolve  out  all  the  potash  and 
some  of  the  wool-fat.  The  wool  could  then  be  passed  to  the  soda-ash  scour 
solution.  The  water  scour  carrying  the  potash  would  be  allowed  to  con¬ 
centrate,  and  then  run  off  to  open  vats  and  evaporated  down  to  nearly 
dryness.  The  thick  “  sudorate  of  potash  ”  would  then  be  transferred  to 
pans  and  ignited  at  a  red  heat,  when  the  organic  matter  and  fat  would  be 
burned  off,  leaving  an  ash  carrying  a  carbonate  of  potash  with  dirt  from 
the  wool.  The  mass  could  then  be  extracted  with  hot  water,  the  liquor 
decanted  or  filtered  off,  and  evaporated  to  dryness,  yielding  a  potassium- 
carbonate  residue  of  almost  the  composition  shown  by  the  analyses  given 
above.  This  process  aims  to  recover  the  potash  only,  and  will  probably 
be  subject  to  some  modification  when  the  recovery  of  wool-fat  is  also  taken 
into  consideration  ;  but  even  this  process  would  effect  the  recovery  of  a 
considerable  portion  of  wool-fat  from  some  classes  of  wool. 

The  author  gives  figures  for  the  erection  of  a  plant  for  dealing  with 
3,000  tons  of  greasy  wool  annually,  which  shows  a  profit  of  £863,  assuming 
that  amount  of  wool  to  yield  157  J  tons  of  potassium  carbonate  worth  £17 
per  tons,  after  deducting  the  cost  of  production,  £1,504. 
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Potash  from  Alunite. — At  Bullahdelah,  in  New  South  Wales,  Australia 
possesses  what  has  been  described  as  the  biggest  deposit  of  alunite  in  the 
world,  from  which  shipments  have  been  made  to  England  for  many  years. 
Alunite  is  a  mineral  from  which  soluble  potassium  salts  are  easily  obtained. 
If  merely  ignited  the  mineral  is  an  efficient  potash  fertilizer.  The  author, 
after  reviewing  many  of  the  possible  sources  of  potash,  comes  to  the  con¬ 
clusion  that  Australia  need  never  fear  a  potash  famine.  There  being  plenty 
of  potash  available,  it  only  requires  the  necessary  incentive  to  stimulate 
production.  The  sources  which  present  the  most  promising  possibilities 
seem  to  be  the  recovery  from  wool-scouring  and  the  development  of  the 
alunite  deposits.  The  author  possibly  intended  the  bulletin  to  be  suggestive 
merely,  as  some  of  the  statements  made  seem  to  the  reviewer  to  rest  on 
somewhat  slender  experimental  data. 

It  is  significant  that  inquiry  from  New  Zealand  as  to  the  possibility  of 
New  Zealand  getting  supplies  of  alunite  from  Australia  have  been  met 
with  very  discouraging  replies. 

Wool-wax. — Part  II  of  the  bulletin  relates  to  the  recovery  of  that  portion 
of  the  wool-grease  which  is  unsaponifiable  under  the  conditions  employed 
at  the  Australian  wool-scouring  works  for  washing  the  wool,  in  which 
carbonate  of  soda  is  used.  This  wool-wax  is  hence  found  floating  on  the 
surface  of  the  wash-water  in  the  scouring-bowls.  The  author  skims  this 
off,  and  without  delay  filters  it  hot  through  a  sieve,  washes  it  three  times 
with  hot  water,  but  not  more  than  four  times,  and  kneads  the  cold  cake 
of  wax  with  cold  water,  which  can  be  done  in  a  butter-working  machine. 
The  wax  is  now  nearly  white,  and  to  remove  the  last  traces  of  smell  and 
colour  wood-charcoal  and  finally  animal-charcoal  is  used.  After  filtering 
through  a  suitable  filter  the  production  is  ready  for  market  as  “  adeps 
lanae,”  and  the  author’s  analysis  shows  that  it  agrees  with  the  B.P.  tests. 
The  author  estimates  that  1J  per  cent,  of  the  weight  of  the  greasy  wool 
scoured  in  South  Australia  (3,500  tons)  can  be  recovered  by  skimming,  and 
the  adeps  lanae  would  now  be  worth  £500  per  ton. 

B.  C.  A. 

Cream  of  Tartar  Manufacture  in  South  Australia,  by  W.  A.  Hargreaves, 

Bulletin  of  the  Department  of  Chemktrv,  South  Australia,  No.  3,  112  pp., 
1916. 

This  bulletin  is  the  third  of  a  series  dealing  with  industrial  chemical 
problems,  and  discusses  the  possibilities  of  the  cream-of-tartar  industry  in 
South  Australia. 

The  average  wine-production  of  the  State  for  five  years  from  1911  was 
about  3,000,000  gallons  per  annum,  and  the  total  possible  production  of 
cream  of  tartar  from  64  to  126  tons,  the  quantity  easily  available  being 
somewhere  between  14  and  26  tons  per  annum. 

South  Australia  during  1913  imported  190  tons  of  cream  of  tartar  and 
65  tons  of  tartaric  acid,  so  that  although  she  has  the  largest  wine-production 
of  the  Australian  States  she  could  not  supply  even  her  own  needs. 

The  various  processes  for  preparing  cream  of  tartar  from  argols,  lees, 
and  from  the  husks  are  briefly  dealt  with,  and  reference:  given.  It  is  stated 
that  one  manufacturer  is  already  making  cream  of  tartar,  and  another  is 
prepared  to  do  so,  provided  he  is  assured  of  a  constant  supply  of  lees  from 
the  winemakers.  B.  L.  A. 
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Marine  Fibre,  by  D.  C.  Winterbottom.  Bulletin  of  the  Department  of 

Chemistry,  South  Australia,  No.  4,  36  pp.,  1917. 

Posidonia — an  Insulating  Material. 

Posidonia  is  a  short,  harsh,  brittle,  reddish-brown  fibre,  resembling  jute, 
containing  about  12  per  cent,  of  moisture  and  60  per  cent,  cellulose.  It 
is  the  dead  leaf-sheath  of  the  sea  flowering-plant  (not  seaweed)  Posidonia 
australis,  which  through  long  centuries  has  been  deposited  in  a  matrix  of 
sand  and  shells  over  many  square  miles  of  shallow  sea-flats  along  the  coasts 
of  Spencer  and  St.  Vincent’s  Gulfs.  The  beds  average  some  10  ft.  deep,  and 
as  about  400  tons  of  sand  and  water  have  to  be  dredged  up  for  each  ton 
of  dry  fibre  extracted  it  can  be  readily  understood  that  its  price  can  never 
approach  the  £4  per  ton  which  is  about  the  base  price  of  cellulose  for  the 
paper  industry.  As,  however,  there  are  nearly  5,000,000  tons  in  sight  cap¬ 
able  of  being  profitably  sold  at  £25  per  ton  (at  this  price  its  value  surpasses 
that  of  all  the  metals  recovered  from  Broken  Hill  !),  South  Australia  is 
naturally  keen  on  discovering  some  use  for  it.  It  takes  dye  readily  and 
well,  is  non-conducting,  very  light,  and  has  practically  no  stretch  ;  but  the 
short  (2  in.  to  8  in.)  and  brittle  fibre  reduces  its  value  for  the  textile  trade. 
It  is  an  excellent  substitute  for  horse-hair  in  mattresses  and  upholstery 
but  its  heat-insulating  properties  have  so  far  proved  the  most  profitable 
Experiments  have  proved  that  for  equal  volumes  it  is  as  efficient  as  wool 
and  cork,  about  25  per  cent,  superior  to  pumice,  slag  wool,  hair-felt,  or 
asbestos,  and  much  ahead  of  sawdust  as  a  heat-insulator.  As  its  weight 
when  properly  packed  for  this  purpose  is  about  5  lb.  per  cubic  foot  and  its 
cost  about  £20  per  ton,  its  economic  value  is  apparent.  Further,  it  does 
not  char  until  a  temperature  of  350°  F.  is  reached,  and  combustion  does 
not  set  in  under  500°  F. 

The  writer  of  this  review  has  used  posidonia  very  successfully  for  the 
past  two  years  as  an  insulating-material.  It  has  given  excellent  satisfac¬ 
tion  in  refrigeration  service  when  packed  to  a  density  of  3J  lb.  per  cubic 
foot,  and  at  this  is  over  40  per  cent,  cheaper  than  any  other  suitable 
material  he  has  used.  Bough  tests  (by  observing  the  drop  in  temperature 
of  water  initially  at  180°  F.  in  similar  10  oz.  bottles  placed  in  similar  tins 
with  equal  layers  of  insulating-material  between)  showed  its  superiority  to 
slag  wool,  pumice,  hair-felt,  boiled  paper,  and  various  sawdusts.  It  is  very 
light  and  convenient  to  handle  and  cheap  to  apply,  and  he  believes  it  the 
best  available  material  for  refrigerated  vehicles  and  stores,  and  for  boiler 
and  pipe  covering,  while  it  should  have  an  extensive  field  in  ordinary 
building  work.  S.  H.  J. 

State  of  Victoria :  Report  of  the  Advisory  Committee  on  Brown  Coal. 

33  cm.  x  21cm.,  32  pp.  Mines  Department,  Melbourne,  September, 

1917. 

This  is  the  report  of  a  committee  appointed  by  the  Government  of 
Victoria  to  investigate  and  report  in  regard  to  the  commercial  utilization 
of  the  brown-coal  deposits  of  Victoria,  and  particularly  for  the  purpose  of 
generating  electrical  energy. 

The  committee  was  called  together  on  the  13th  June,  1917,  by  the 
Minister  of  Mines,  who  explained  that  the  Government  desired  to  ascertain 
whether,  in  the  event  of  the  State  undertaking  the  generation  and  dis¬ 
tribution  of  electrical  energy  in  bulk  for  its  industrial  development,  such 
enterprise  would  be  commercially  successful. 
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The  report  is  a  comprehensive,  concise,  and  lucid  treatment  of  the  subject, 
in  which  a  conclusion  is  arrived  at  to  the  effect  that  the  Government  of 
Victoria  should  undertake  the  generation  of  electricity  in  bulk  for  distribu¬ 
tion  throughout  the  State,  and  that  power  should  be  derived  from  the  brown 
coals  of  the  Morwell  area. 

The  report  is  summarized  in  a  series  of  recommendations,  as  follows : — 

(1.)  That  an  electrical  generation  and  transmission  scheme  be  established, 
with  a  power-house  at  Morwell. 

(2.)  That  an  open-cut  mine  be  established  in  the  vicinity  of  the  power¬ 
house,  with  the  necessary  equipment  to  provide  an  output  equal 
to  the  power-house  requirements  and  any  demand  for  other 
purposes. 

(3.)  That  steps  be  taken  at  the  earliest  possible  date  to  obtain  parlia¬ 
mentary  sanction  for  the  Morwell  power-house  scheme  and  for 
the  creation  of  the  necessary  authority  to  initiate  and  control 
it.  Pending  the  return  of  normal  conditions  for  the  acquirement 
of  plant  all  preliminary  work  in  connection  with  the  scheme 
should  be  immediately  proceeded  with,  including  surveys  for 
water-supply  and  mine-development,  with  a  view  to  the  early 
preparation  of  plans  and  specifications  for  the  complete  scheme. 

(4.)  That  the  management,  both  technical  and  commercial,  of  the  pro¬ 
posed  scheme  for  the  generation  and  distribution  of  electrical 
energy  in  bulk  be  in  the  hands  of  an  engineer-manager  devoting 
his  whole  time  thereto,  and  responsible  to  a  Board  of  three  salaried 
directors  to  be  appointed  by  the  Government. 

(5.)  That  the  authority  proposed  in  recommendation  4  should  as  early 
as  possible  ascertain  the  prospects  of  establishing  in  the  State 
new  industries  that  require  large  quantities  of  cheap  electrical 
energy,  such  as  those  treating  zinc-concentrates  and  manufactur¬ 
ing  calcium  carbide,  alkalies,  nitrates,  &c. 

'  (6.)  That  as  brown  coal  will  doubtless  be  in  demand  for  other  than  the 
requirements  of  a  power-house,  the  winning  of  coal  and  its  supply 
to  the  power-house  be  independently  managed. 

(7.)  That  as  the  Newport  power-house  has  a  capacity  greater  than  will 
be  necessary  for  railway  requirements  until  the  electrification 
of  all  the  suburban  lines  is  completed,  the  surplus  capacity  at 
Newport,  pending  the  completion  of  a  new  power-house  at  Morwell, 

•  be  utilized  to  supply  any  additional  energy  that  may  be  desired 

by  the  existing  public-supply  undertakings. 

(8.)  That,  whether  or  not  the  State  undertake  the  generation  and  dis¬ 
tribution  in  bulk  of  electrical  energy,  the  State  should  control 
and  direct  the  co-ordination  of  all  State  and  statutory  generat¬ 
ing  and  di  tributing  schemes  in  Victoria,  so  as  to  ensure  the 
adoption  of  standards  that  will  admit  of  efficient  interconnection 
of  these  schemes  and  the  economical  supply  of  electrical  energy 
throughout  the  State. 

(9.)  That  in  conformity  with  the  foregoing  recommendation  the  power¬ 
house  at  Newport  and  the  proposed  Morwell  power-house  be 
interconnected.  p  p 
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REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMUR!  DISTRICT  OF  NELSON.  November  and  December,  1901. 
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THE  FUNCTIONS  OF  THE  STATE  IN  RELATION  TO 

TECHNICAL  EDUCATION. 


By  W.  S.  La  Trobe,  M.A.,  Director,  Technical  College,  Wellington. 

Ill  fares  the  land,  to  hastening  ills  a  prey, 

Where  wealth  accumulates  and  men  decay. 

— Goldsmith. 


There  seems  to  be  no  sound  reason,  from  the  purely  materialistic  point  of 
view,  why  modern  methods  of  production  and  distribution,  such  as  are  illus¬ 
trated  in  the  great  factories  of  the  larger  manufacturing  countries,  should  not 
be  extended  to  almost  every  field  of  human  labour.  Indeed,  the  rapid  exten¬ 
sion  of  these  methods  to  new  fields  has  been  one  of  the  most  remarkable, 
as  it  is  also  one  of  the  most  natural,  results  of  the  present  world  war. 

That  this  rapid  development  will  be  stayed  when  peace  comes  seems 
very  improbable ;  every  indication  points  to  an  acceleration  of  the  present 
rate  of  growth  of  industrial  organization.  It  is  also  evident  that  in  all 
Allied  countries  the  State  will  be  compelled  to-  encourage  and  to  regulate 
the  development  of  the  industrial  machine  so  as,  if  possible,  to  meet  the 
cut-throat  competition  which  at  present  seems  inevitable,  without  at  the 
same  time  sacrificing  those  humanitarian  and  democratic  principles  for 
which  the  war  is  now  being  waged. 

The  root  problem  here  involved  is  to  find  means  of  reconciling  the 
creation  and  the  operation  of  a  perfectly  organized  industrial  machine 
with  the  development  of  a  sturdy,  stable,  and  refined  democracy.  To  under¬ 
stand  the  nature  of  this  problem  we  must  consider  the  main  principles  which 
must  be  observed  in  developing  the  industrial  machine  ;  the  labour  condi¬ 
tions  for  its  efficient  operation  ;  and,  finally,  the  main  principles  on  which 
from  the  industrial  point  of  view,  the  well-being  of  the  democracy  depends. 

Now,  the  main  aim  of  the  industrial  machine  is  the  utmost  possible 
utilization  of  natural  resources  with  the  least  possible  human  effort.  This 
involves  the  highest  possible  productive  capacity  per  unit  of  population. 
The  two  main  principles  employed  are — (1)  division  of  labour,  or  specializa¬ 
tion  ;  and  (2)  increase  of  mechanical  power  used  by  each  operative.  By 
the  first  of  these  principles  the  demand  on  the  individual  worker  is  sim¬ 
plified  ;  by  the  second  his  power  is  increased ;  by  both  together  his  efficiency 
as  a  producer  is  enormously  increased. 

The  machine  or  system  is  complicated  and  powerful,  the  working  of 
it  simple  and,  as  far  as  possible,  “  fool-proof.”  So  far  as  the  operative  is 

9 — Science. 
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concerned,  instead  of  being  an  encyclopaedia  of  his  trade,  he  becomes  a 
mere  monograph,  with  special  semi-automatic  skill  in  one  or  two  simple 
operations.  The  demands  on  his  physical  strength  and  skill  are  small ;  on 
his  intellect,  negligible;  and  on  his  discipline  and  nerve,- great  in  proportion 
to  the  power  he  controls. 

An  excellent  illustration  of  how  far  this  organization  of  industry  has 
already  gone,  even  in  so-called  skilled  trades,  is  easily  seen  in  the  fact  that 
enormous  “  dilution  ”  of  skilled  labour  has  taken  place  in  munition- 
factories  and  engineering- workshops  in  Great  Britain  and  France,  and 
doubtless  in  Germany  and  Austria,  in  the  last  three  years,  without  affecting 
either  the  quality  or  the  quantity  of  individual  output. 

At  the  same  time,  in  proportion  as  the  attainments  necessary  in  the 
operative  are  reduced,  so  the  technological  skill  and  scientific  training  of 
those  managing  the  work  increase. 

The  strength  of  the  system  lies  in  the  scientific  skill  with  which  it  takes 
advantage  of  every  natural  law  to  exploit  natural  sources  of  wealth  and 
increase  the  material  prosperity  of  the  people.  Its  fatal  weakness  lies  in 
the  fact  that  this  same  scientific  exploitation  leads  inevitably  to  the 
degradation  of  human  labour,  and  to  the  consequent  degeneration  of  the 
vast  mass  of  the  workers.  Labour  ceases  to  be  dignified  when  the  worker 
becomes  the  attendant  slave  of  the  machine. 

It  has  been  held  as  a  first  principle  of  democracy  that  every  worker 
should  enjoy  the  fruits  of  his  own  labour.  It  seems  to  me  necessary,  as  a 
prior  condition,  that  he  should  enjoy  the  labour  itself,  and  that  it  should 
call  forth  the  exercise  of  his  best  powers.  While,  therefore,  we  may  admit 
that  under  the  compelling  influence  of  urgent  necessity,  and  inspired  by 
the  loftiest  motives  of  patriotism  and  self-sacrifice,  the  worker  may  find 
joy  and  satisfaction  in  the  performance  of  monotonous  and  nerve-racking 
duties,  we  cannot  assume  that  the  same  duties  will  be  cheerfully  performed 
for  long  periods  under  ordinary  commercial  conditions.  Even  if  they  were, 
the  worker  must  surely  degenerate  so  far  as  his  physical  and  mental  equip¬ 
ment  are  concerned. 

Again,  it  has  been  and  still  is  to  a  large  extent  customary  to  employ 
young  children  in  factories  to  perform  the  simpler  operations.  This 
custom,  which  was  very  popular  as  long  as  cheap  production  was  assumed 
to  be  possible  only  with  cheap  labour,  is  likely  to  die  out  rather  rapidly. 
It  results  in  large  human  waste  through  the  fact  that  as  the  children  grow 
up  they  must  for  the  most  part  seek  other  occupations,  for  which  their 
past  service  has  rather  tended  to  unfit  them.  Hence  the  same  method 
applied  to  all  industries  would  result  in  the  industrial  machine  being  unable 
to  swallow  its  own  human  waste. 

The  evil,  in  fact,  is  largely  the  result  of  applying  only  the  first  principle 
of  economical  production — that  of  subdivision  of  labour.  As  soon  as  the 
second  great  principle — of  providing  each  worker  with  abundant  power — 
is  brought  into  operation  the  employment  of  children  in  large  numbers 
becomes  unprofitable,  and  high  wages  become  associated  with  increased 
output  and  cheap  production. 

j  We  may  expect,  therefore,  on  purely  economic  grounds,  a  progressive 
rise  in  the  age  at  which  children  go  to  work — not  because  the  machine 
demands  a  man’s  strength  or  even  a  man’s  intellect,  but  because  it  is  too 
valuable  to  be  put  in  the  hands  of  a  child,  and  because  it  demands  a  man’s 
attention,  responsibility,  and  nerve  to  maintain  its  production.  Of  this 
tendency  we  find  ample  evidence  in  the  reports  of  the  American  Bureau 
of  Education,  and  in  British  Government  reports  in  particular.  (See,  e.g ., 
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Final  Report  of  Departmental  Committee  on  Juvenile  Education ,  vol.  ii, 
pp.  20-25,  London,  1917.) 

Whatever  the  causes  may  be,  increase  of  productive  capacity  per  worker 
seems  to  lead  rather  to  shortening  the  hours  of  labour  than  to  increase  in 
population. 

With  high  wages  and  short  hours  the  worker  is  placed  in  a  highly 
favourable  position  as  regards  leisure  and  the  means  to  live  reasonably 
well.  Granted  that  the  intelligent  development  of  the  industrial  machine 
will  lead  to  this  result,  the  burden  of  slavery  which  the  standardization 
of  craft  and  machines  brings  with  it  will  be  greatly  lessened. 

The  daily  task  will  not  in  itself,  however,  become  a  labour  of  love 
simply  because  it  is  short ;  nor  will  the  practice  of  it  tend  to  develop  the 
man  into  a  worthy  citizen  of  a  democratic  State.  He  will  probably  need 
to  be  more  than  a  mere  monograph  on  some  part  of  his  trade — perhaps  a 
text-book  on  its  principles  as  well,  so  that  he  may  use  the  power  given  to 
him  to  perform  one  of  a  given  series  of  operations  with  more  intelligent 
appreciation  of  the  relation  of  this  operation  to  the  others  in  the  manu¬ 
facturing  process. 

It  follows  that  the  best  conditions  that  can  be  expected  for  the  rank 
and  file  of  the  population  include — 

(1.)  A  fairly  long  childhood,  free  from  industrial  labour  : 

(2.)  A  fairly  short  apprenticeship  or  learning  stage  in  a  more  or  less 
simple  operation  or  series  of  operations  : 

(3.)  Short  hours  of  highly  specialized  labour,  but  some  responsibility 
and  considerable  nervous  strain  : 

(4.)  Considerable  leisure  time. 

The  serious  potentialities  involved  in  these  conditions  are  already  suffi¬ 
ciently  evident  in  many  countries,  and  for  its  own  health’s  sake  the  State 
must  assume  new  responsibilities  and  make  new  demands  on  the  services 
of  the  citizens. 

The  long  hours  of  childhood  must  be  employed  to  the  best  advantage 
in  preparation  for  adult  citizenship.  The  youth,  rapidly  becoming  adept 
at  the  few  simple  operations  of  his  daily  work,  must  be  trained  in  the  general 
principles  of  the  mechanics  of  production  and  distribution,  and  by  a  more 
detailed  study  of  the  particular  branch  with  which  he  is  connected,  so  that 
he  may  be  transferred  if  necessary  from  one  part  to  another  without  loss 
of  efficiency.  He  must  also  be  trained  in  citizenship ;  and  finally,  so  far  as 
the  State  is  concerned,  he  must  be  taught  how  to  use  his  leisure  time,  how 
to  gain  the  cunning  of  hand  and  eye  and  brain  which  his  trade  does  not 
develop  in  him,  and  how  to  appreciate  and  enjoy  craftsmanship  and  art 
in  all  its  aspects  and  manifestations. 

How  far  the  State  should  go  in  providing  for  this  varied  training,  and 
to  what  extent  it  should  compel  the  local  body,  the  industrial  organization 
of  whatever  kind,  and  the  individual  citizen  separately  to  provide,  are 
questions  which  will  perhaps  receive  their  answers  in  accordance  with  the 
particular  necessities  of  each  case. 

The  business  of  the  State  will  be  to  see  that  its  own  safety  and  good 
health  are  not  imperilled  by  any  want  in  the  provision  made,  or  in  the 
effectiveness  of  the  training  given.  And  while  it  will  doubtless  be  of  con¬ 
siderable  advantage  to  the  State  to  encourage  and  develop  in  its  more 
energetic  and  able  citizens  the  highest  standard  of  human  excellence  and 
efficiency,  it  will  be  at  least  equally  advantageous  and  far  more  necessary 
to  see  that  the  less  capable  receive  a  suitable  and  satisfying  endowment. 
It  is  perhaps  in  this  respect  that  present  provision  is  least  adequate  and 
least  well  advised. 
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SUGGESTIONS  FOR  ACCLIMATIZATION  OF  ANIMALS 

IN  NEW  ZEALAND. 

By  Hubert  W.  Simmonds,  F.E.S. 

A  traveller  in  New  Zealand  cannot  but  be  struck  with  the  fact  that, 
outside  the  now  rapidly  dwindling  areas  of  native  bush,  the  great  majority 
of  the  trees,  plants,  crops,  and  animal  forms  have  been  artificially  introduced 
by  man.  The  common  wayside  weeds  have  either  been  accidentally  brought 
in  with  agricultural  seed  or  have  escaped  from  cultivation,  and  the  original 
native  fauna  and  flora  have  only  in  a  few  rare  instances  been  able  to 
enter  into  the  new  combinations  of  life  thus  brought  about.  In  addition 
to  the  species  deliberately  or  accidentally  introduced  in  agricultural 
operations,  a  large  number  of  others  were  purposely  introduced  for  other 
reasons,  of  which  sport  and  sentiment  appear  to  have  been  the  chief. 
When  one  looks  into  these  latter  species  one  feels  great  disappointment 
that  the  opportunity  was  missed  of  bringing  to  this  country  some  of  the 
more  interesting  and  beautiful  forms  of  life  from  other  parts  of  the  world. 
The  early  settlers  seem  to  have  selected  those  species  which  were  most 
familiar  to  them,  and  which  brought  an  atmosphere  of  the  Home-land 
into  their  novel  surroundings.  The  results  were  in  many  cases  disastrous, 
and  could  have  been  avoided  had  the  introduction  been  carried  out  under 
competent  scientific  control. 

In  selecting  birds  to  take  the  place  of  the  native  species,  which  were 
already  receding  with  the  clearing  of  the  bush,  ease  of  transport  seems 
to  have  been  a  guiding  feature,  as  nearly  all  were  brought  from  Europe, 
and  seed-  and  fruit-eating  varieties  were  almost  entirely  chosen.  Except 
for  the  rook,  goldfinch,  hedge-sparrow,  and  the  Australian  magpie,  we 
should  probably  have  been  better  off  if  none  of  the  others  had  been  brought 
in,  although  all  birds  feed  their  young  upon  insects  and  other  soft  food, 
and  are  thus  useful  during  the  nesting  season.  There  are,  however,  a 
great  number  of  purely  insectivorous  kinds,  many  of  them  also  of  great 
beauty,  and  there  is  no  reason  why  efforts  should  not  still  be  made  to 
acclimatize  some  of  the  choicest  of  these,  in  this  way  not  only  adding  to 
the  beauty  of  the  country,  but  also  performing  a  very  useful  service  at  the 
same  time.  Amongst  the  most  beautiful  and  useful  groups  of  purely 
insectivorous  birds  are  the  titmice  of  the  Northern  Hemisphere,  of  which 
there  are  a  great  number  of  different  species.  During  the  winter  they 
work  every  crevice  and  hole  in  the  bark  and  trunks  of  trees  for  insects  and 
their  eggs,  instead  of  turning  to  seeds  and  grain  as  do  most  of  our  intro¬ 
duced  species.  The  most  beautiful  of  the  whole  group  is  probably  the 
azure  tit  of  eastern  Siberia,  whilst  the  marsh  tit  of  Europe  would  doubt¬ 
less  help  considerably  in  the  control  of  the  flax-grub  which  is  at  present 
causing  heavy  losses  to  the  country. 

Another  group  of  exquisite  beauty  is  the  genus  Malurus  (superb 
warblers)  of  Australia.  Of  these  the  common  blue  wren  of  New  South 
Wales  and  Victoria  would  probably  thrive  in  our  gardens  and  along  our 
river-banks,  while  the  allied  Malurus  lamberti,  a  scrub  species,  would  no 
doubt  do  equally  well  in  our  northern  forests.  They  are  lovely  creatures, 
and  would  also  be  valuable  assets  economically.  Then  there  are  the 
scarlet-breasted  and  the  carmine-breasted  robins  of  Victoria,  which  are 
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very  like  our  native  tits,  and  might  possibly  be  successfully  introduced 
to  take  the  place  of  our  native  species  in  the  northern  parts  of  the  country 
where  the  latter  have  now  disappeared.  The  Australian  wagtail  would 
also  be  well  worth  having ;  and  the  magnificent  lyre-bird  of  Australia, 
now  threatened  with  extinction,  might  be  preserved  in  one  of  our  island 
sanctuaries,  and,  if  it  increased,  could  then  be  established  on  the  mainland. 
Reciprocal  action  of  a  similar  kind  with  Australia  might  be  the  means  of 
preserving  some  of  our  native  species  from  extinction.  The  African  bee- 
eaters,  sunbirds,  and  kingfishers,  and  the  northern  woodpeckers,  are  also 
groups  that  would  yield  many  species  worth  consideration. 

Of  mammals,  the  beaver  calls  first  for  attention,  and  would  be  a 
valuable  addition  to  our  assets  on  account  of  its  fur  if  it  could  be  esta¬ 
blished  in  South  Westland.  Some  of  the  squirrels  also  would  be  useful  in 
the  same  way,  but  care  would  have  to  be  taken  in  the  selection  of  these. 
There  is  abundant  room  for  the  koala,  or  Australian  native  bear,  one  of 
the  gentlest  and  daintiest  of  animals,  in  our  eucalyptus  plantations,  and 
it  might  be  thus  saved  from  its  now  threatened  extinction.  There  is 
much  to  be  said  also  in  favour  of  the  despised  mole,  which  might  control 
the  grass-grub  and  would  improve  many  of  our  soils,  but  it  would  have  to 
be  first  experimented  with  in  light  volcanic  soils,  in  which  alone  it  might 
make  trouble. 

The  little  green  tree-frogs  of  southern  Europe  should  thrive  in  New 
Zealand,  and  would  be  useful  in  our  swamps,  while  the  English  toad 
would  be  invaluable  to  gardeners.  The  beautiful  little  flower  -  haunting 
chameleons  of  South  Africa  would  be  a  useful  addition  to  our  fauna,  and 
should  do  well  in  our  northern  gardens. 

It  is  when  we  turn  to  the  insects,  however,  that  the  widest  field  is 
opened  before  us.  None  but  a  naturalist  can  realize  how  vast  is  the  part 
played  by  the  solitary  Hymenoptera  in  keeping  other  forms  of  insect-life 
in  check.  Amongst  our  native  wasps  are  two  species  very  commonly 
found  along  river-banks  or  sandhills  on  the  coast.  The  larger  of  these 
two  provisions  its  nest  with  various  species  of  Blattidae,  including  the  Maori 
bug,  which  its  young  uses  when  half-grown.  This  group  of  insects  is 
highly  specialized,  confining  its  attention  to  one  species  of  prey  only. 
The  majority  of  our  native  wasps,  however,  live  during  larval  stages  as 
internal  parasites ;  and  doubtless  many  exotic  species  of  both  groups  could 
be  profitably  introduced  to  deal  with  certain  of  our  agricultural  and 
garden  pests. 

There  are  many  other  insects  which  would  be  useful  in  checking  the 
spread  of  certain  of  our  weeds,  such  as  the  cinnabar  moth  of  Europe, 
which  in  its  larval  stages  feed  on  the  flower-heads  and  seeds  of  the  ragwort. 
Another  is  the  clearwing  moth,  Sesia  chrysidiformis,  of  which  the  larvae 
bore  into  the  stems  of  the  common  dock. 

It  would  add  much  to  the  beauty  of  lane  and  countryside  if  we  could 
add  a  number  of  the  gorgeous  butterflies  of  the  world  to  our  very  scanty 
number  of  these  insects.  Most  of  them  are  absolutely  harmless,  and  some 
are  positively  useful,  apart  from  the  part  all  play  in  the  fertilization  of 
flowers.  As  a  start  I  would  suggest  the  following  : — 

Vanessa  antiope,  of  Europe,  Asia,  and  America,  feeding  on  willow. 

Vanessa  io,  of  Europe  and  Asia,  feeding  on  nettle. 

Thecla  rubi,  of  Europe,  feeding  on  blackberry. 

Thecla  quercus,  of  Europe  and  Asia,  feeding  on  oak. 

Limenitis  populi,  of  Europe,  feeding  on  poplar. 

Papilio  sarpedon,  of  Australia  and  Asia,  feeding  on  camphor-laurel. 
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Then  there  are  some  gorgeous  Australian  Lycaenidae  which  feed  upon 
the  various  wattles,  whilst  the  common  wayside  plantain  supports  several 
species  of  European  butterflies. 

I  would  suggest  as  a  good  plan  for  increasing  the  carrying-capacity 
of  the  country  in  the  broadest  sense  of  the  word  that  the  Government 
should  undertake  the  planting  of  all  our  main  arterial  roads  with  trees. 
In  the  north  puriri  and  possibly  kauri  and  some  eucalypts  could  be  used, 
whilst  over  the  rest  of  the  country  various  species  of  Eucalyptus ,  totara, 
and  certain  American  trees  of  choice  varieties,  and  in  the  cooler  parts  oak, 
could  be  tried.  Careful  data  of  each  tree  as  to  age,  when  planted,  &c., 
could  be  kept,  and  the  whole  would  furnish  valuable  information  for  future 
generations,  and  would  also  yield  much  good  timber.  In  the  neighbourhood 
of  towns  and  villages  such  trees  as  poplars,  Cape  silver-leaf,  Australian 
scarlet-flowering  gum,  and  in  the  cooler  parts  holly,  birch,  and  native 
beeches,  would  add  to  the  beauty  of  the  landscape,  and  would  provide 
much-needed  shelter  and  breakwinds  on  country  roads,  eventually  paving 
the  way  for  the  further  introduction  of  other  forms  of  animal-life,  and 
assisting  present  species  to  move  from  one  district  to  another. 

Enough  has  been  said  to  show  what  a  vast  and  important  field  there 
is  for  the  careful  introduction  of  new  forms  of  life  into  this  country,  forms; 
which  would  not  only  add  to  its  prosperity,  but,  what  is  of  equal  import¬ 
ance,  to  its  beauty  and  interest.  There  has  grown  up  a  fear  of  introducing 
pests ;  but  the  larger  the  variety  of  life  in  the  country,  the  less  risk  there 
is  of  any  one  increasing  out  of  bounds.  For  instance,  the  introduction 
of  more  insectivorous  birds  would  restrict  the  food-supply  of  the  young 
of  the  grain-eating  and  fruit-eating  species,  and  would  tend  to  reduce  the 
numbers  of  these.  I  suggest  that  the  proper  course  would  be  to  set  up  a 
small  permanent  committee  of  experienced  scientific  men,  whose  duties, 
would  be  to  collect  information  and  to  investigate  suggestions  with  this, 
object  in  view,  and  that  some  island  should  be  placed  at  their  disposal 
where  they  could  test  and  watch  any  species  that  they  had  any  doubt 
about  before  liberating  it  upon  the  mainland,  in  order  to  see  whether  it 
would  actually  fill  the  role  expected  from  it. 

[The  question  of  acclimatization  has  not  only  utilitarian  and  aesthetic 
aspects,  but  has  an  intimate  bearing  on  national  sentiment.  The 
similarity  of  farm  stock  and  of  trees  and  birds  in  New  Zealand  to  those 
of  the  English  countryside  enables  the  New-Zealander  to  enter  more 
sympathetically  into  the  moods  and  thoughts  of  the  great  masters  of 
English  literature.  National  sentiment  has  diverged  less  from  that  of  the 
Home-land  in  New  Zealand  than  in  Australia  and  Canada,  and  the  similarity 
of  surroundings  and  atmosphere  must  be  an  important  factor  in  this 
respect.  The  further  introduction  of  birds  and  other  animals  from  other 
parts  of  the  Empire  must  help  to  broaden  our  sympathies.  At  the  same 
time  the  distinctively  New  Zealand  fauna  and  flora  should  be  jealously 
preserved  in  the  national  reserves. 

Any  criticisms  or  further  suggestions  in  regard  to  this  or  other  articles 
will  be  welcomed  in  our  correspondence  column. — Ed.] 
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UNUTILIZED  SOURCES  OF  WEALTH  IN  THE  NEW 

ZEALAND  SEAS.* 

By  the  Hon.  Geo.  M.  Thomson,  M.L.C.,  F.L.S. 

New  Zealand  has  grown  so  wealthy  from  the  production  of  her  agricultural 
and  pastoral  resources,  and  their  ready  sale  at  high  prices,  that  its  popula¬ 
tion  has  largely  ignored  other  vast  sources  of  national  wealth  which  lie  at 
her  very  doors  waiting  to  be  exploited.  Perhaps  it  has  not  paid  in  the  past 
to  consider  these  ;  but  the  nations  of  the  world  are  about  to  enter  on  a  new 
phase  of  commerce  and  industry  as  one  of  the  results  of  the  Great  War,  and 
this  country  must  keep  pace  with  what  is  being  done  elsewhere,  or  it  will 
ere  long  lag  behind  in  the  fierce  competition. 

In  very  many  instances  wealth  has  been  too  easily  acquired,  and  in 
consequence  little  effort  has  been  made  to  improve  conditions.  Of  late 
years  considerable  advance  has  been  made  in  the  scientific  development 
of  agriculture  ;  and,  though  the  average  farmer  remains  as  unscientific  as- 
ever,  the  need  for  more  specific  and  exact  training  is  recognized,  and  some 
improvement  is  noticeable  in  the  education  of  those  who  intend  to  make 
the  pursuit  of  agriculture  their  life-work.  There  is  a  danger  that  some¬ 
thing  very  mediocre  may  be  accepted  in  agricultural  teaching,  and 
the  scientific  men  of  the  country  must  see  to  it  that  a  high  standard 
of  scientific  training  is  given  to  the  future  farmers  and  stock-raisers  of  the 
Dominion. 

When  we  turn  to  the  vast  unutilized  resources  of  the  seas  which  surround 
this  country,  with  their  five  thousand  miles  of  coast-line  and  their  teeming 
life,  we  find  that  almost  nothing  has  been  done  to  develop  these,  and  abso¬ 
lutely  nothing  to  educate  the  men  who  have  tried  to  do  so.  The  fish-supply 
in  the  sea  is  enormous  ;  the  fish-supply  which  finds  its  way  to  the  popula¬ 
tion  is  very  small,  is  utterly  inadequate  to  meet  the  demand,  and  is  most 
irregular.  The  distribution  is  very  defective,  and  it  is  very  desirable  that 
the  fishing  industry  should  receive  from  the  Railway  Department  the  assist¬ 
ance  that  the  fruitgrowing  and  the  agricultural  industries  have  obtained. 
The  fishing  industry  has  yet  to  receive  its  due  meed  of  encouragement  from 
the  Government. 

At  present  New  Zealand  does  not  supply  the  wants  of  her  own  popula¬ 
tion,  for  in  1916  she  imported  fish  (mostly  preserved)  to  the  value  of  £92,821. 
Of  this  sum  over  £55,000  went  to  Canada  and  the  United  States  for  tinned 
salmon,  and  over  £29,000  to  Europe  (£24,428  to  Norway)  for  sardines.  A 
certain  amount  of  this  will  always  be  imported,  even  when  we  are  able  to 
tin  our  own  quinnat  salmon,  and  though  sardines  are  very  abundant  in  the 
surrounding  seas  at  certain  seasons  of  the  year.  But  a  great  deal  more 
might  be  done  in  the  way  of  preserving  fish,  oysters,  crayfish,  &c.  South 
Africa  has  a  steadily  increasing  export  trade  in  tinned  crayfish,  and  they 
have  the  same  species  as  occurs  in  this  country,  but  not  in  such  abundance. 

The  export  of  fish  from  New  Zealand  for  1916  was  valued  at  £33,550, 
and  £29,623  of  this  was  for  fresh  fish  sent  to  Australia. 

*  This  article  has  been  suggested  by  a  perusal  of  a  paper  read  by  Professor  Prince, 
Dominion  Commissioner  of  Fisheries,  Canada,  and  entitled  “  Unutilized  Fisheries 
Resources  of  Canada.” 
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But  I  have  already  pointed  out  to  the  Board  of  Trade  that  an  enormous 
trade  in  frozen  fish  could  probably  be  done  with  Great  Britain  when  the 
trade  routes  are  once  more  open.  Immense  quantities  of  fish  are  used  in 
the  manufacturing  districts  of  Britain,  not  as  fresh  fish  and  not  of  expensive 
kinds,  but  as  fried  fillets.  The  class  of  fish  supplied  to  this  market  before 
the  war  contained  nothing  so  good  as  our  groper  (hapuku)  or  snapper,  both 
of  which  occur  in  enormous  quantities  in  these  seas.  What  the  working 
classes  at  home  want  is  a  nutritious  “  meaty  ”  fish,  and  New  Zealand  could 
supply  that  in  great  quantity. 

Fishes  not  at  present  used  as  food,  but  many  of  which  are  of  good  edible 
quality,  are  also  numerous. 

The  skate  is  seldom  brought  to  market  by  the  fishermen,  but  the  demand 
in  Britain  and  elsewhere  is  very  considerable,  and  the  fish  fetches  a  good 
price.  Connoisseurs  consider  “  skate-wings  ”  a  great  delicacy.  The  taste 
wants  cultivation  in  this  country. 

The  elephant-fish  ( Callorhynchus  milii)  is  found  in  the  New  Zealand  seas 
in  enormous  quantity.  I  have  seen  a  couple  of  tons  brought  in  with  one 
haul  of  the  trawl,  and  the  whole  lot  immediately  thrown  overboard.  The 
flesh  is  white  and  palatable  ;  and,  while  there  is  a  general  prejudice  against 
all  fishes  allied  to  the  sharks,  this  difficulty  could  largely  be  overcome  by 
selling  it  filleted.  The  prejudice  arises  largely  from  a  false  comparison 
between  carnivorous  mammals  and  birds  on  the  one  hand  and  carnivorous 
fishes  on  the  other.  There  is  an  understandable  prejudice  against  eating- 
cats,  dogs,  weasels,  &c.,  or  hawks  and  vultures.  But  to  reject  carnivorous 
fish  from  the  list  of  those  which  are  edible  would  be  to  leave  us  without 
any  fish  at  all.  The  Portobello  Fish-hatchery  has  kept  records  for  some 
years  past  of  the  stomach-contents  of  most  of  the  fish  caught  in  Otago 
waters,  and  all  are  carnivorous  to  a  greater  or  less  degree.  So  this 
difficulty  may  be  dismissed  as  prejudice,  which,  however,  must  be 
recognized  as  a  difficult  thing  to  overcome. 

Dogfish  of  more  than  one  species  furnish  good  edible  food.  Before  the 
war  stopped  the  trade  a  small  quantity  of  filleted  fish,  stained  a  warm 
tawny  colour,  was  imported  from  England  into  New  Zealand  done  up  in 
neat  paper-lined  boxes.  In  Dunedin  this  article  was  labelled  “  Smoked 
haddock,”  and  was  retailed  at  Is.  3d.  per  pound.  It  was  dogfish,  filleted 
and  dipped  in  a  solution,  probably,  of  pyroligneous  acid  and  anatto.  The 
late  Mr.  Anderton  imitated  it  with  some  success  at  the  Portobello  Marine 
Fish-hatchery.  When  he  was  in  Britain  in  1912-13  he  found  that  at 
Plymouth  alone  as  many  as  eighty  boats  were  engaged  in  the  capture  of 
dogfish.  Probably  there  is  a  definite  season  for  this  fishery.  There  are 
in  New  Zealand  waters  several  species  of  dogfish,  but  all  are  not  of  equal 
value  for  edible  purposes. 

Eels  are  seldom  seen  in  the  markets  or  the  fish-shops,  but  they  are  excel¬ 
lent  for  food.  Boned,  salted,  and  slightly  smoked,  they  are  as  tasty  as 
Yarmouth  bloaters.  They  are,  of  course,  a  fresh-water  fish  for  all  practical 
purposes.  Conger-eel  is  occasionally  smoked,  and  I  have  often  met  with 
it  at  Wellington  hotel-tables  under  the  name  of  “  smoked  hake.” 

Sardines  and  sprats  are  seldom  caught  and  dealt  with  as  edible  fish, 
except  to  the  most  limited  extent. 

The  sardine  ( Sardina  neopilchardus)  is  found  in  all  the  coastal  waters 
throughout  the  year,  but  enormous  shoals  come  up  the  south-east  coast  of 
the  South  Island,  especially  during  February  and  March.  Their  visits  are, 
however,  most  erratic  :  some  years  they  are  very  abundant,  but  some 
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summers  pass  with  scarcely  any  perceptible  migration.  The  causes  of  this 
variation  in  abundance  are  not  known  at  all.  These  shoals  are  often  several 
miles  in  length,  and  their  course  is  marked  by  great  flights  of  predatory 
birds — gulls,  petrels,  &c. — which  accompany  them,  and  by  shoals  of  barra- 
couta  and  other  fishes  which  harass  them.  Occasionally  they  are  driven 
ashore  on  the  beaches  in  vast  quantity.  In  Queen  Charlotte  Sound  this 
fish  is  known  as  the  “  Picton  herring,”  and  is  cured;  but  the  price  of  labour 
makes  their  capture  and  subsequent  treatment  as  “  sardines  ”  very  impro¬ 
bable.  They  would  make  excellent  fish-meal,  however. 

The  sprat  ( Amblygaster  antipodus)  is  always  abundant  on  the  coast.  It 
could  be  used  like  the  sardine.  It  constitutes  one  of  the  most  important 
sources  of  food  of  the  larger  fishes,  and  at  the  Portobello  Hatchery  it  has 
been  recorded  from  the  stomachs  of  several  species.  It  is  the  chief  feed  of 
the  barracouta. 

There  are  some  other  marine  animals  which  may  be  mentioned  in  this 
connection,  though  they  are  not  fishes. 

Porpoises  and  dolphins  are  most  valuable  for  their  skins  and  oil,  while 
their  flesh  desiccated  would  prove  useful  for  pig-meal  or  cattle-meal,  and 
for  fertilizer.  The  fishery  is  quite  neglected  in  local  waters. 

Whale-feed :  Enormous  quantities  of  the  pelagic  larvae  of  Munida  sub- 
rugosa  occur  in  the  southern  coastal  waters  for  several  months  of  the  year. 
The  shoals  are  often  of  great  size,  and  colour  the  sea  red  in  bright  patches. 
The  bodies  contain  numerous  oil-globules,  and  an  investigation  is  much 
required  as  to  the  oil  and  manurial  value  of  this  crustacean.  Thousands 
of  tons  could  be  got  in  sheltered  harbours,  even  when  boats  could  not  go 
out  in  the  open  sea  for  fishing. 

By-products  from  the  Fisheries. 

All  unmarketable  fish  and  all  offal  can  be  utilized  for  the  production  of 
oil  and  manure,  though  it  is  questionable  whether  it  would  pay  to  make  a 
business  of  bringing  in  fish  to  a  port  for  this  express  purpose.  Yet  I  have 
seen  the  trawlers  catch  tons  of  such  fish  and  simply  tip  them  overboard 
again.  Offal  must,  of  course,  be  dealt  with.  In  making  manure  the  oil 
must  be  removed  first,  not  only  for  its  own  sake,  but  because  its  presence 
in  manure  is  troublesome  and  inhibitory  to  its  proper  fertilizing  action.  It 
is  impossible  to  quote  any  definite  figures  for  this  manufacture.  As  a 
general  basis,  Professor  Prince,  referring  to  the  dogfish,  says  that  “  about 
8  tons  of  raw  material  are  required  to  produce  1  ton  of  scrap,  and  from 
8  to  12  gallons  of  oil  may  be  produced  from  a  ton  of  dogfish.” 

In  Canada — before  the  war — fishermen  were  paid  $2  (or  8s.  4d.)  a  ton 
for  fish-offal,  and  exactly  double  that  rate  for  dogfish.  The  fertilizer  pro¬ 
duced  from  this  source  sold  at  $30  to  $35  (£6  to  £7)  per  ton,  and  the  oil 
from  5d.  to  Is.  3d.  per  gallon.  It  is  quite  certain  that  no  fishermen  in  New 
Zealand  would  take  the  trouble  to  bring  into  port — unless  the  fishing-ground 
was  within  a  mile  or  two — either  poor  fish  or  fish-offal  at  such  a  figure.  On 
the  other  hand,  the  pre-war  price  of  really  good  fish-manure  would  be  from 
£9  to  £11  per  ton,  and  of  fish-oil  probably  not  less  than  2s.  per  gallon.  Most 
of  the  fish-manures  sold  at  the  present  time  are  of  very  poor  quality,  being 
mixed  with  far  too  much  sand,  powdered  limestone,  or  other  padding. 
A  certain  quantity  of  the  latter — enough  to  keep  the  mixture  free  and  dry, 
so  that  it  will  run  freely  in  a  drill  sowing-machine- — is  perhaps  almost  neces¬ 
sary.  In  some  parts  of  America,  dried  powdered  kelp  is  used  for  mixing  with 
the  fish-refuse. 
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It  is  of  interest  to  note  that  in  1916  fish-oil  (exclusive  of  cod-liver  oil, 
which  can  be  made  here)  to  the  extent  of  40,850  gallons,  valued  at  £3,626 
(Is.  9d.  per  gallon),  was  imported  into  this  country.  On  the  other  hand, 
of  phosphatic  manures  (including  blood-and-bone  manure),  no  less  than 
92,898  tons,  valued  at  £324,548,  were  imported.  The  demand  for  fish- 
manure,  which  combines  both  phosphatic  and  nitrogenous  materials,  is 
therefore  great,  and  there  is  room  for  a  very  considerable  manufacture. 

Miscellaneous  Aquatic  Products. 

Under  this  heading  Dr.  Prince  refers  to  several  other  substances  obtain¬ 
able  in  one  way  or  another  from  the  sea,  of  which  I  would  refer  to  three — 
viz.,  fish-roe,  fish-powder,  and  kelp. 

Dr.  Prince  points  out  in  his  paper  that  there  is  great  waste  of  roe  or 
fish-eggs  ;  and  this  is  as  true  of  New  Zealand  as  of  Canada.  A  certain  small 
trade  is  done  in  this  direction  in  fresh  roes,  chiefly  of  warehou  in  the  north 
and  of  groper  in  the  south.  These  are  only  sold  fresh  ;  but  roes  of  fish  pre¬ 
pared  with  a  proportion  of  fat,  salt,  and  spice,  and  either  potted  or  tinned,  make 
a  most  excellent  and  tasty  food.  At  present  these  things  are  all  wasted. 
Prepared  roes  of  cod,  haddock,  and  other  well-known  fish  in  northern  waters 
are  extensively  used  in  the  sardine  industry  in  France.  At  present  this  is 
largely  in  abeyance,  but  there  is  no  doubt  that  it  will  be  revived  again  after 
the  war.  The  eggs  are  used  as  bait,  and  are  scattered  on  the  surface  of  the 
water  to  attract  the  shoals  of  sardines.  These  roes  appear  to  be  essential  to 
the  success  of  the  industry  in  France ;  and  their  scarcity  is  always  a  serious 
matter — curtailing  the  catch,  reducing  the  income  of  the  fishermen,  and 
often  producing  distress  among  the  fisherfolk.  The  French  sardine  fishery 
is  absolutely  dependent  on  this  bait,  and  at  the  beginning  of  the  century 
the  importation  into  France  amounted  to  from  40,000  to  45,000  barrels  of 
salted  roes,  valued  at  about  £60,000. 

Fish-powder  for  making  soup,  or  a  coarser  form  for  feeding  pigs  or  cattle, 
is  largely  made  in  some  countries.  For  the  latter  purpose  very  inferior 
fishes,  dried  and  powdered,  prove  to  be  a  very  fattening  material.  In  the 
discussion  which  followed  the  reading  of  Dr.  Prince’s  paper  Mr.  Fielding 
made  some  remarks  on  this  subject  which  I  quote  :  “  Some  ten  or  fifteen 
years  ago  I  was  engaged  with  Herr  Jaffe,  head  of  the  German  Hanoverian 
fisheries,  in  investigating  methods  of  utilizing  the  fish-waste  at  Wilhelms- 
haven  and  other  places  in  Germany.  They  have  developed  an  enormous 
industry  in  the  creation  of  fish-meal.  I  was  the  first  man  to  take  it  up  in 
England.  It  was  a  fish-food  for  fish-culture  establishments.  About  fifteen 
years  ago  I  recommended  Dr.  Hugh  Smith  and  Mr.  Ravenal,  and  two  or 
three  of  the  United  States  fish-culturists,  to  experiment  with  it,  and  I  believe 
they  did.  The  dog-biscuit  manufacturers,  including  Spratt’s  and  other 
well-known  firms,  took  it  up.  Then  it  was  taken  up  by  the  pig-food  manu¬ 
facturers  to  replace  tankage.  We  know  the  cost  of  tankage  in  this  country 
is  very  high,  and  the  average  farmer  is  rather  frightened  of  it.  Fish-meal 
can  be  put  on  the  market  a  good  deal  cheaper,  and,  I  think,  is  of  the  same 
if  not  higher  protein  value,  and  probably  of  better  oil  value.  The  possi¬ 
bility  of  its  tainting  the  flesh  has  been  urged,  but  I  am  rather  inclined  to 
think  that  it  does  not  do  so  if  properly  mixed  with  other  materials  and 
treated  only  as  a  concentrate.”  Later  on  the  same  gentleman  said, 
“  There  is  a  plant  at  Wick,  in  the  north  of  Scotland,  where  they  make  a 
most  agreeable  foodstuff  for  human  use  called  ‘  marvis.’  At  one  time  it 
had  a  large  market  for  making  fish-soups  and  souffles,  and  anything  you 
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could  make  with  fish-meal.  I  used  it,  and  it  was  most  agreeable  and  useful 
stuff  to  have  :  it  would  keep  almost  indefinitely  ;  you  could  transport  it 
anywhere  ;  it  was  palatable,  and  its  protein  value  was  high.” 

Kelp :  Definite  research  is  required  into  the  commercial  value  of  all 
the  common  species  of  seaweed  which  occur  along  the  coast.  They  pro¬ 
bably  vary  enormously  in  their  potash  and  iodine  content,  the  two  chief 
materials  yielded  by  them.  Let  me  quote  Professor  Prince  again  :  “  Pro¬ 
fessor  Cameron,  of  Manitoba  University,  has  carried  on  a  research  under 
the  Biological  Board,  and  his  estimate  is  that  from  the  shores  of  British 
Columbia,  which  are  well  clothed  with  the  two  kinds  of  kelp — the  bull-head 
kelp  (or  N ereocystis )  and  the  giant  kelp  (the  Macrocystis) — a  harvest  could  be 
gathered  of  probably  235,000  tons  (of  potash)  of  a  value  of  £2,200,000  per, 
year  at  £10  per  ton.  The  yield  of  iodine  from  this  would  be  about  950  tons, 
and  would  be  valued  at  £700,000.  ...  In  addition  the  refuse  could  be 

utilized  as  a  valuable  fertilizer.” 


' i; 
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The  estimate  is  a  generously  optimistic  one,  but  it  shows  at  least  that 

there  is  great  wealth  in  the  masses  of  kelp  which  occur  on  the  coasts,  if 

these  can  be  harvested  and  utilized  profitably.  It  may  be  added  that  dried 

jcelp,  when  submitted  to  destructive  distillation,  yields  a  considerable 

quantity  of  inflammable  gas,  as  well  as  paraffin  oils,  ammonia,  acetic  acid, 

and  tar,  in  addition  to  the  iodine  and  potash.  Whether  such  treatment , 

could  be  made  commercially  successful  is  a  matter  which  is  at  least  worth 

investigation.  yv  yy 


Salt :  Common  salt  could  be  readily  made  from  sea- water  in  New  Zea¬ 
land,  but  it  is  questionable  whether  the  manufacture  will  pay.  In  1916 
there  were  imported  into  New  Zealand  32,298  tons,  valued  at  £77,004, 
which  is  about  Jd.  per  pound.  In  addition  to  this,  salt  put  up  in  retail 
packets  was  imported  to  the  value  of  £4,919. 


A  RELIC  OF  NEOLITHIC  DAYS. 

By  Elsdon  Best,  Dominion  Museum. 

In  the  operations  being  carried  on  by  the  Waihi-Paeroa  Gold-extraction. 
Company  at  Paeroa,  in  the  Thames  district,  a  necessary  labour  is  the 
removal  of  many  logs  and  snags  from  the  bed  of  the  Ohinemuri  River,  to* 
enable  dredging  to  be  carried  out.  These  logs,  some  of  them  of  considerable 
size  and  great  weight,  are  of  various  timbers — totara,  pukatea,  rata,  rimu, 
matai,  and  rnaire — but  those  of  totara  ( Podocarpus  totara)  are  the  most 
numerous.  It  is  impossible  to  say  how  long  these  logs  have  lain  in  the  bed 
of  the  river,  but  the  timber  of  many  of  them  is  still  in  a  sound  condition.. 
In  some  cases  it  is  noted  that  the  sap-wood  has  entirely  disappeared,, 
leaving  the  heart-wood  sound  and,  when  dried,  hard. 

There  is  evidence  to  show  that  the  extensive  flat  lands  of  this  district 
have  at  some  time  in  the  past  been  mostly,  if  not  entirely,  covered  with 
forest  growth.  In  Cook’s  time,  when  he  proceeded  some  distance  up  the* 
Waihou  (?)  River  and  examined  a  white-pine  forest,  the  flat  country  probably 
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bore  the  same  aspect  as  it  did  when  the  early  missionaries  and  traders 
visited  these  parts — patches  of  white-pine  ( Podocarpus  dacrydioides )  being 
scattered  over  a  level  land,  often  swampy  and  always  somewhat  dreary. 
The  totara-trees  may  not,  of  course,  have  been  a  local  growth,  but  may  have 
been  swept  down  from  the  upper  waters  of  the  river. 

Among  the  timber  removed  from  the  bed  of  the  river  one  large  stump 
attracted  attention  on  account  of  its  peculiar  form,  inasmuch  as  it  was 
quite  sound  and  resembled  the  stump  of  a  tree  that  had  been  felled,  though 


Surface  of  tree-stump  felled  by  stone  tools,  dredged  from  the  Ohinemuri  River. 

bearing  no  marks  of  clean-cut  surfaces  such  as  are  left  by  metal  tools.  It 
is  owing  to  the  intelligent  interest  displayed  by  the  stall  of  the  company 
that  this  stump  has  been  preserved  and  lodged  in  the  Dominion  Museum, 
and  that  we  are  enabled  to  state  that  it  illustrates  a  phase  of  Maori 
industry  in  pre-European  days — viz.,  tree-felling  with  stone  tools.  Portions 
of  the  cut  surface  have  been  somewhat  affected  during  immersion,  pro¬ 
bably  by  the  action  of  drifting  gravel,  but  not  seriously  so.  The  timber 
is  still  sound,  and  the  cut  surface  still  retains  the  peculiar  ragged  surface 
that  was  so  marked  a  characteristic  of  this  act  of  working  timber  across 
the  grain  as  practised  by  the  Maori.  .  The  tree  has  been  felled  very 
low  down,  this  lower  scarf  being  just  clear  of  the  roots,  so  that  it  must 
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have  been  very  near  the  ground-line.  Evidently  the  tree-fellers  were 
desirous  of  obtaining  as  long  a  log  as  possible,  probably  for  the  purpose  o£ 
making  a  canoe. 

It  seems  probable  that  the  tree  stood  somewhere  near  the  bank  of  the 
river,  and  that  ere  decay  affected  the  stump  the  river  undermined  it  and 
caused  it  to  fall  into  the  channel,  where  the  waters  have  preserved  it  until 
the  present  time. 

Several  stone  adzes  have  been  reclaimed  from  the  bed  of  the  river  here,, 
and  also  a  small  paddle-shaped  wooden  implement  of  manuka  ( Lepto - 
s 'per mum) .  This  was  described  by  a  local  native  as  a  korori  kaanga,  but  it  is- 
an  old  style  of  implement  used  in  .the  cultivation  of  the  kumaia,  or  sweet 
potato,  long  prior  to  the  introduction  of  maize  in  the  latter  years  of  the 
eighteenth  century.  Waikato  natives  term  this  implement  a  pinaki  or 
pinaki  taru. 

The  tree  was  one  of  considerable  girth,  inasmuch  as  the  measurements 
across  the  cut  surface  are  6  ft.  by  4  ft.  The  tree  was  apparently  felled  in 
the  usual  manner  adopted  by  the  Maori  when  using  stone  tools.  The  heavy 
stone  implement  employed  was  lashed  to  a  stout  pole  as  a  shaft,  in  an 
axial  manner,  as  a  chisel  is  hafted,  with  the  butt  end  of  the  tool  against 
a  shoulder  formed  on  the  shaft.  This  implement  was  held  so  that  the 
cutting-edge  of  the  tool  was  horizontal,  and  the  united  strength  of  several 
men  dashed  it  against  the  tree-trunk.  The  shaft  worked  on  a  horizontal 
guide-rail,  which  was  of  great  assistance  in  the  operation,  and  in  at  least 
some  districts  a  certain  primitive  mechanical  apparatus  was  employed  in 
order  to  increase  the  power  of  the  stroke.  (See  illustration  in  Dominion 
Museum  Bulletin  No.  4 ,  at  p.  130.)  Thus  a  rough  horizontal  groove  was 
punched  by  this  bashing  process,  for  the  tool  did  not  make  a  clean  cut, 
as  does  a  metal  tool.  Another  such  groove  was  punched  higher  up  the 
trunk,  and  the  intervening  block  of  wood  was  then  chipped  out,  this 
process  being  repeated  until  the  scarf  was  deemed  deep  enough.  All 
descriptions  of  this  process  given  by  old  natives  explain  that  no  clean- 
cut  surface  was  possible,  the  stump  presenting  an  uneven  and  jagged 
appearance,  the  effect  of  the  stone  tool  on  the  timber  being  often  described 
by  the  expressive  word  hungahunga,  denoting  that  it  presented  a  frayed  or 
fuzzy  aspect. 

The  stump  shows  that  the  tree  had  been  scarfed  on  both  sides,  and  a 
small  “  break  ”  shows  in  the  middle,  though  the  projecting  slivers  have 
disappeared.  The  main  “  break,"  however,  is  on  one  side,  where  it  pro¬ 
jects  as  a  block  ;  this  may  have  been  left  in  order  to  give  the  tree  a 
cant  off  its  lean,  as  is  done  by  our  tree-fellers.  At  one  place  the  smooth 
bite  of  the  tool-edge  is  plainly  seen,  owing  to  the  fact  that  the  cut  quarters 
across  the  grain  and  is  not  at  right  angles  across  it.  The  bite  of  the 
chipping-out  implement  is  also  seen.  One  kerf  was  commenced  seemingly 
at  a  lower  level,  carried  in  8  in.  or  10  in.,  and  then  continued  about 
11  in.  higher  up.  One  part  of  the  surface  looks  as  though  fire  may  have 
been  employed. 

The  long  submersion  to  which  the  stump  has  been  subjected  renders  it 
somewhat  difficult  to  identify  the  species,  but  it  is  assuredly  either  kauri 
or  totara.  The  age  can  hardly  be  less  than  a  hundred  years,  since  the 
Maoris  of  this  district  must  have  been  pretty  plentifully  supplied  with  iron 
tools  since  the  “  twenties  ”  of  last  century. 
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NEW  ZEALAND  TIMBERS  AND  THE  BORER. 

A.  Note  on  the  Susceptibility  of  New  Zealand  Timbers  to 
the  Attacks  of  the  Borer,  Anobium  domesticum. 

Ity  R.  Speight,  M.Sc.,  F.G.S.,  Curator,  Canterbury  Museum. 

In  the  Canterbury  Museum  there  is  a  fairly  complete  series  of  New  Zealand 
timbers,  collected  principally  in  the  early  days  by  Dr.  von  Haast,  but  added 
to  by  Captain  Hutton.  Most  of  these  have  come  from  the  forests  that  once 
grew  in  the  Province  of  Canterbury,  notably  those  .on  Banks  Peninsula, 
but  representatives  have  been  obtained  from  other  parts  of  New  Zealand, 
the  total  number  exceeding  150.  As  the  building  has  been  exposed  to  the 
ravages  of  the  borer  ( Anobium  domesticum  Linn.)  and  these  timbers  were 
in  a  part  in  close  contact  with  the  wood  which  was  seriously  affected,  and 
us  all  were  equally  exposed  to  attack,  I  have  thought  it  may  be  of  value  to 
place  on  record  the  behaviour  of  the  various  timbers.  I  have  furnished  to 
Mr.  D.  E.  Hutchins,  of  the  Government  Forestry  Department,  a  part  of 
this  list,  but  have  revised  and  added  to  it  considerably  so  that  it  may 
serve  to  amplify  the  facts  as  furnished  to  him.  The  issue  of  this  state¬ 
ment  may,  however,  be  of  interest  to  those  who  have  no  access  to  the 
Government  publications  in  which  his  report  will  no  doubt  appear. 

In  the  appended  list  1  have  given  first  of  all  the  botanical  name  of  the 
tree  from  which  the  timber  is  derived,  then  the  number  of  specimens  in  the 
Museum,  the  number  of  those  immune,  and  the  number  attacked,  as  well  as 
the  Maori  and  the  local  name  for  the  timber.  There  may  be  some  discre¬ 
pancies  in  assigning  the  scientific  name  of  the  tree  to  the  local  name  for  the 
timber,  but  they  will  be  few,  and  the  list  may  be  generally  taken  as  reliable. 
By  far  the  majority  of  the  specimens  have  their  names  clearly  marked 
on  them  in  either  Dr.  von  Haast’s  or  Captain  Hutton’s  writing,  which  may 
be  taken  as  a  guarantee  of  correctness.  A  difficulty  naturally  arises  where 
the  same  tree  is  known  bv  different  names  in  different  localities,  and  also 
where  the  name  given  in  one  district  to  a  particular  tree  is  assigned  to 
another  tree  in  a  different  part  of  the  country.  This  applies  especially 
to  the  beeches,  locally  and  variously  known  as  black,  red,  and  white 
41  birches.” 

It  will  be  seen  from  the  list  that  some  timbers  are  immune,  while  others 
show  a  varying  proportion  of  affected  specimens.  It  is  frequently  found 
that  the  sap  is  attacked  while  the  heart-wood  is  unaffected.  This  is 
specially  the  case  with  regard  to  the  matai,  commonly  known  as  black- 
pine.  A  considerable  quantity  of  this  timber  has  been  used  in  the  con¬ 
struction  of  the  Museum,  and  the  sap  is  almost  universally  affected,  while 
the  heart  has  invariably  escaped  and  is  now  so  hard  that  it  is  difficult  to 
drill  it.  It  is  somewhat  remarkable  that  the  specimen .  of  kahikatea,  or 
white-pine,  which  is  looked  upon  as  one  of  the  most  susceptible  of  timbers, 
are  but  slightly  affected,  although  it  has  been  badly  attacked  when  used  in 
the  construction  of  the  Museum  building.  I  can  assign  no  reason  for  this, 
but  I  believe  it  is  fact,  confirmed  by  the  experience  of  builders,  that  timber 
from  trees  grown  on  hill-sides  or  river-terraces  has  more  resistant  properties 
than  that  grown  on  swamp  lands,  and  timber  cut  in  the  winter  has  also 
superior  lasting-power  over  that  cut  in  the  summer.  One  of  these  causes 
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may  have  contributed  to  the  relative  immunity  of  the  specimens  of  white- 
pine  in  the  Museum. 

In  view  of  the  threatened  shortage  of  local  supplies  of  timber,  it  is  of 
importance  that  the  utmost  should  be  made  of  what  we  now  have.  One 
source  of  waste  is  due  to  the  ravages  of  the  borer,  which  necessitates  the 
replacement  of  a  considerable  amount  of  timber  by  fresh  material.  There 
is  no  doubt  that  this  waste  could  be  minimized  by  the  adoption  of  methods 
of  sterilization  in  connection  with  building-timbers.  Some  of  these  pro¬ 
cesses  would  not  only  prevent  entirely  the  attacks  of  the  borer,  but  would 
prolong  the  life  of  the  timber  as  well,  and  have  no  deleterious  effect  on  human 
life.  Some  specifics  are  naturally  open  to  this  objection — e.g.,  corrosive  sub¬ 
limate  and  arsenic.  A  thoroughly  satisfactory  method  of  treatment  on  a 
small  scale  has  been  found  to  be  the  soaking  of  the  timber  in  petrol  in 
which  carbolic  acid  and  camphor  are  dissolved.  These  are  effective  as  far 
as  the  petrol  penetrates  the  wood,  and  would  therefore  protect  new  timbers 
entirely.  But  both  these  substances  no  doubt  disappear  from  the  wood  in 
time,  the  former  as  a  result  of  the  action  of  water,  in  which  carbolic  acid 
is  slightly  soluble,  and  the  latter  owing  to  its  gradually  passing  off  as  a 
vapour.  It  is  possible  that  the  substitution  of  naphthalene  for  the  carbolic 
acid  would  to  some  extent  obviate  these  slight  objections.  This  is  sup¬ 
ported  by  the  statement  of  Charpentier*  that  the  presence  of  naphthalene 
in  creosote  largely  determines  its  value  as  a  preservative,  although  it  is 
generally  held  that  the  carbolic  acid  contained  in  the  creosote  is  the  most 
important  constituent. 


Botanical  Name  of  Specimen. 

Number  of 
Specimens. 

Number 

immune. 

Number 

attacked. 

Maori  or  Local  Name. 

Agathis  australis  Lamb. 

1 

1 

Kauri. 

Alectryon  excelsum  Gaertn. 

2 

2 

•  • 

Titoki. 

Aristotelia  racemosa  Hook,  f 

3 

2 

1 

Makomako,  wineberry. 

jBeilschmiedia  tawa  Benth.  &  Hook.  f. 

1 

,  , 

1 

Tawa. 

•Carpodetus  serratus  Forst. 

3 

3 

a  . 

Putaputaweta. 

■Coprosma  Cunninghamii  Hook.  f. 

1 

1 

.  . 

Mingimingi,  yellow-wood. 

- divaricata  A.  Cunn. 

3 

2 

1 

99  9  9 

- linariifolia  Hook.  f. 

1 

1 

99  99 

- parviflora  Hook.  f.  . .  • 

1 

1 

99  9  9 

- propinqua  A.  Cunn. 

1 

1 

9  9  9? 

- rhamnoides  A.  Cunn. 

1 

1 

9  9  9  9 

- rotundifolia  A.  Cunn. 

1 

1 

9  9  9  9 

- spathulata  A.  Cunn. 

1 

1 

9  9  9  9 

■ Coriaria  ruscifolia  Linn. 

1 

1 

Tutu. 

Cory  nocar  pus  laevigata  Forst. 

1 

1 

Karaka. 

Dacrydium  cupressinum  Soland. . . 

2 

1 

1 

Rimu,  red-pine. 

- Colensoi  Hook.  .  . 

2 

1 

1 

Manoao,  silver-pine. 

Discaria  toumatou  Raoul 

2 

2 

Tumatukuru,  wild-irish¬ 
man. 

Dodonaea  viscosa  Jacq. 

1 

1 

Akeake. 

Dracophyllum  scoparium  Hook.  f. 

1 

1 

Grass-tree. 

- Traversii  Hook.  f. 

1 

1 

Drimys  axillaris  Forst. 

2 

2 

Horopito. 

- colorata  Raoul 

1 

1 

9  9 

Dysoxylum  spectabile  Blume 

2 

2 

Ivohekohe. 

*  P.  Charpentier,  Timber — a  Comprehensive  Study  of  Wood  in  all  its  Aspects 
((English  translation,  J.  Kennell),  1902. 
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Botanical  Name  of  Specimen. 

Number  of  ' 

Specimens. 

Number 

immune. 

Number 

attacked. 

Maori  or  Local  Name. 

Elaeocarpus  dentatus  Vahl. 

5 

4 

1 

Hinau. 

Fagus  cliff ortioides  Hook.  f. 

1 

1 

.  . 

Mountain  beech  or  birch. 

- —  fusca  Hook.  f. 

3 

1 

2 

Tawhai,  black-birch. 

-  Menziesii  Hook.  f. 

1 

.  , 

1 

Silver  or  red  birch. 

- Solandri  Hook.  f. 

1 

,  , 

1 

White- birch. 

Fuchsia  excorticata  Linn.  f. 

3 

,  , 

3 

Kotukutuku,  konini. 

Gaya  Lyallii  Baker 

1 

1 

.  . 

Lacebark. 

Griselinia  littoralis  Raoul 

2 

.  , 

2 

Papauma,  broadleaf. 

- lucida  Forst. 

1 

1 

•  • 

Puka. 

Hedycarya  arbor ea  Forst. 

3 

1 

2 

Porokaiwhiri. 

Hoheria  populnea  A.  Cunn. 

1 

.  . 

1 

Ribbonwood,  lacebark. 

Ixerba  brexioides  A.  Cunn. 

1 

1 

Tawari. 

Knightia  excelsa  R.  Br. 

1 

1 

Rewarewa,  honeysuckle. 

Laurelia  novae- zealandiae  A.  Cunn. 

1 

.  . 

1 

Pukatea. 

Leptospermum  scoparium  Forst. 

3 

3 

Manuka. 

Libocedrus  BidtviUii  Hook.  f. 

2 

i 

l 

Kawaka,  cedar. 

Melicytus  ramiflorus  Forst. 

5 

5 

.  . 

Mahoe. 

Metrosideros  lucida  A.  Rich. 

1 

1 

Mountain-rata. 

- robusta  A.  Cunn. 

1 

1 

Rata. 

- tomentosa  A.  Rich. 

1 

1 

Pohutukawa. 

Myoporum  laetum  Forst. 

2 

.  . 

2 

Ngaio. 

Myrsine  chathamica  F.  Muell.  .  . 

2 

1 

1 

Mapu. 

- - salicina  Heward  .  . 

2 

2 

Toro. 

-  Urvillei  A.  DC.  .  . 

1 

1 

Mapam 

Myrtus  bullata  Soland. 

l 

I 

Ramarama. 

- obcordata  Hook.  f. 

3 

3 

Rohutu. 

- pedunculata  Hook.  f. 

1 

1 

Olea  Cunninghamii  Hook.  f. 

4 

4  . 

Black-maire. 

-  montana  Hook.  f. 

1 

1 

Narrow-leaved  maire. 

Olearia  avicenniaefolia  Hook.  f. 

1 

1 

Akeake. 

- -  Cunninghamii  Hook.  f. 

1 

1 

.  o 

Heketara. 

- Forsteri  Hook.  f. 

1 

1 

Akiraho. 

- semidentata  Dene. 

1 

1 

,  . 

- Traversii  Hook.  f. 

1 

•  » 

1 

Akeake. 

Panax  Colensoi  Hook.  f. 

1 

1 

- Edgerleyi  Hook.  f. 

5 

5 

.  . 

Raukawa. 

Paratrophis  heterophylla  Blume  . . 

2 

1 

1 

Turepo,  milk-tree. 

Pennantia  corymbosa  Forst. 

1 

1 

.  . 

Kaikomako. 

Persoonia  toro  Hook.  f. 

1 

1 

Toro. 

Phyllocladus  alpinus  Hook.  f.  .  . 

2 

1 

1 

Mountain-toatoa. 

- trichommoides  D.  Don. 

1 

•  0 

1 

Toatoa. 

Piper  exce'lsum  Forst. 

4 

.  . 

4 

Kawakawa. 

Pittosporum  eugenioides  A.  Cunn. 

1 

1 

Tarata. 

- tenuifolium  Banks  &  Sol.  .  . 

5 

5 

.  . 

Tawhiwhi. 

Plagianthus  betulinus  A.  Cunn.  .  . 

1 

1 

Lacebark. 

Podocarpus  dacrydioides  A.  Rich. 

3 

2 

1 

Kahikatea,  white-pine.. 

- ferrugineus  D.  Don. 

1 

1 

Miro,  black-pine. 

- spicatus  R.  Br.  .  . 

1 

.  . 

1 

Matai,  black-pine. 

- totara  D.  Don. 

3 

2 

1 

Totara. 

Pseudopanax  crassifolium  C.  Koch 

4 

2 

2 

Horoeka,  lancewood. 

Quintinia  serrata  A.  Cunn. 

1 

1 

Tawheowheo. 

Rubus  australis  Forst. 

2 

2 

Tataramoa,  lawyer. 

Schefflera  digitata  Forst. 

1 

1 

Patate. 

Senecio  Huntii  F.  Muell. 

1 

1 

Rautini. 

Sophora  tetrapterg,  J.  Mull. 

4 

4 

Kowhai. 

Veronica  Dieffenbachii  Benth.  . . 

1 

1 

Vitex  lucens  T.  Kirk  . . 

1 

1 

Puriri. 

W einmannia  racemosa  Linn.  f.  .  . 

1 

1 

Towai. 
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RIVER  TERRACES  IN  NEW  ZEALAND. 


Fig.  1. — Entrenched  meanders. 


By  C.  A.  Cotton,  D.Sc.,  F.G-.S.,  Victoria  University  College,  Wellington. 

River  terraces  are  among  the  most  characteristic  features  of  the  typical 
New  Zealand  landscape.  Their  flat  surfaces  were  developed  as  valley- 
floors  by  rivers  which,  generally  speaking,  are  still  in  existence,  but  which 
flow  now  at  lower  levels.  All  river  terraces,  however,  have  not  the  same 
history. 

Terraces  developed  in  connection  with 
Entrenchment  of  Meanders:—  Entrenched 
meanders  are  developed  as  an  accom¬ 
paniment  of  general  rejuvenation  of  the 
topography.  The  condition  necessary  for 
their  initiation  is  the  presence,  before 
rejuvenation,  of  broadly  opened,  flat-  • 
floored  valleys  in  which  rivers  follow 
meandering  courses  (as  in  fig.  1,  block  A). 

When  a  portion  of  a  valley  of  this  kind 
is  uplifted,  the  younger,  new  valley, 
which  is  inevitably  developed  within 
the  older,  is  guided  by  the  existent 
windings  of  the  river-channel,  so  that 
the  inner  trench  of  the  resulting  valley- 
in- valley  form  winds  about  on  the 
earlier  flood-plain  beneath  which  it  is 
entrenched  (fig.  1,  block  B). 

Free  swinging  of  meanders  on  the  flood-plain  must,  obviously,  be 
checked  at  once  when  the  stream  begins  to  cut  downward  ;  but  there  is 
still  the  same  tendency  as  before  to  cut  into  the  concave  bank,  against 
which  the  strongest  current  impinges.  Thus  as  the  meandering  channel 
is  deepened,  if  the  stream  is  a  vigorous  one,  the  curves  are  enlarged  and 
each  is  pushed  a  short  distance  down  the  valley.  As  a  result  the  slopes 

descending  from  the  ends  of  spurs 
of  the  abandoned  flood-plain,  and 
from  their  down-stream  sides,  to 
the  stream  below  are  less  steep 
than  are  the  slopes  descending  to 
the  stream  along  its  concave  banks 
(see  fig.  1,  B). 

Sometimes  the  more  gently 

sloping  convex  side  of  the  inner 

valley  of  an  entrenched  meander 
descends  as  a  series  of  terraces, 
which  seem  to  mark  a  series  of 
pauses  during  discontinuous  uplift. 
During  each  pause  the  river,  if 
eroding  weak  rock  and  more  or  less 
keeping  pace  in  its  downcutting  with  the  uplift,  swings  laterally  and 
cuts  a  narrow  flood-plain,  only  to  go  on  deepening  its  valley  again,  and  to 

repeat  this  process  after  each  small  movement  of  uplift.  The  resulting 

10 — Science. 


Fig.  2. — Diagram  of  terraces  on  the  slip- 
off  slope  of  an  entrenched  meander  of 
the  Awatere  River. 
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valley  form  is  illustrated  in  fig.  2,  which  represents  a  portion  of  the  valley  of 
the  River  Awatere,  in  Marlborough.  It  will  be  noted  that  the  lines  traced 
by  the  terrace-fronts  are  convex,  and  also  that  occasionally  two  terrace-fronts 


Fig.  3. — Part  of  the  Waipara  Valley,  Canterbury,  showing,  in  the  centre,  a  flight 

of  terraces. 

merge  into  one,  where  a  part  of  one  terrace  has  been  cut  away  during  the 
development  of  the  next  lower  temporary  floor.  Some  of  the  temporary 
floors  may  thus  have  been  entirely  destroyed.  Fig.  3  shows  a  flight  of 
similar  terraces  in  the  valley  of  the  Waipara  River,  in  Canterbury. 

Valley -plain  Terraces. — In  the  case  of  the  Awatere  Valley  and  other 
areas  of  valley  -  in  -  valley  or  composite  topography  valley  -  plains  of 
the  earlier  cycles,  or  remnants  of  them,  form  well-marked  terraces. 


Fig.  4. — Valley-plain  terrace  bordering  the  Kekerangu  River. 


They  record  the  occurrence  of  periods  of  stillstand  of  much  longer 
duration  than  those  previously  referred  to — of  sufficient  duration  to 
rank  as  cycles ;  and  it  is  sometimes  possible  to  correlate  one  remnant 
with  others  in  the  same  or  even  in  adjacent  valleys,  and  so  to  re¬ 
construct  in  imagination  the  surface  of  which  it  once  formed  a  part. 


1918.] 
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terrace  of  this  kind  bordering  the  Ivekerangu  River 


Fig.  4  shows  a  broad 
near  its  mouth. 

Such  terraces  are  common  in  New 
Zealand  valleys.  Near  Seddon,  for 
example,  broad  terrace  plains  border 
the  Awatere  River  on  each  side. 
Their  combined  width  is  about  three 
miles,  and  their  height  above  the 
present  river-bed  about  120  ft.  In 
addition,  terrace  remnants  hundreds 
of  feet  higher  are  numerous  on  the 
valley-sides,  bearing  witness  to  the 
occurrence  of  more  than  one  cycle  of 
erosion.  Similar  terraces  occur  in  the 
valleys  of  the  Rangitikei  and  neigh¬ 
bouring  rivers  of  the  North  Island,  and 
in  the  rivers  of  eastern  Wellington. 
Such  terrace  plains  and  remnants 
were  recognized  in  New  Zealand  by 
Hochstetter  in  1859.  They  are  found 
principally  in  areas  of  soft  rocks,  upon 
which  rivers  attained  an  advanced 
stage  of  maturity  in  each  cycle  of 
erosion,  though  this  was  by  no  means 
the  case  in  adjoining  areas  of  resistant 
rocks. 


Fig.  5. — Terraces  of  solid  rock  and  of 
alluvium. 


Terraces  of  Rock  and  of  Alluvium . — Terraces  are  often  formed  of  solid 
rock  with  a  thin  veneer  of  gravel  on  the  top  —  the  gravel  of  the  former 
valley-floor.  Such  terraces  are  illustrated  in  fig.  5,  B,  developed  from  the 
valley-plain  A.  When,  however,  terraces  are  remnants  of  aggraded  valley- 
plains  (fig.  5,  C)  they  may  be  composed  of  gravel  throughout  (D),  or  of 
solid  rock  below  and  a  thick  mass  of  gravel  above  (E). 


[C.  A.  Cotton,  photo. 

Fig.  6. — Rock  terrace  in  the  valley  of  the  Wairoa  River,  Nelson. 
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The  terraces  shown  in  figs.  2,  3,  4,  6,  and  7  are  composed  of  rock  : 
gravel  terraces  are  common  in  New  Zealand  also,  probably  attaining  their 
greatest  development  on  the  sides  of  the  valleys  which  trench  the  Canter¬ 
bury  Plains. 

Terraces  of  a  peculiar  kind  are  to  be  seen  in  some  valleys  in  Otago, 
which,  after  being  aggraded,  were  widened  by  lateral  corrasion  in  such  a 
way  that,  when  later  the  streams  in  them  began  to  cut  downward  again, 
they  were  flowing  in  some  places  on  solid  rock  to  one  side  of  the  filled 
valleys.  Such  portions  of  valleys  are  now  bordered  by  terraces  presenting 
a  front  of  solid  rock  to  the  river  ;  but  the  solid  rock  is  only  a  narrow  bar 
between  the  present  trench  and  the  filled  valley,  and  the  terrace  is  under¬ 
lain  some  distance  back  by  a  great  depth  of  alluvium.  This  state  of 
affairs  has  been  revealed  in  some  cases  by  mining  operations,  the  gold- 
bearing  alluvial  filling  of  the  aggraded  valleys  having  been  in  part  removed 


[C.  A.  Cotton,  photo. 

Fig.  7.— Front  of  a  rock  terrace  in  the  Clarence  Valley,  Marlborough.. 


by  sluicing.  This  is  the  case  in  the  Shotover  Valley,  which  is  represented 
in  the  block  diagram,  fig.  8,  and  sketch,  fig.  9.  Deep  gravel  underlies  the 
terraces  which  appear  to  the  right  in  fig.  9  and  on  the  distant  bank  of  the 
river  in  fig.  8 ;  and  between  the  aggraded  valley  and  the  narrow  trench 
now  occupied  by  the  river  is  a  barrier  of  schist  rock.  At  one  point  the 
rock  barrier  has  been  pierced  by  a  tunnel  to  carry  away  the  tailings  from 
a  sluicing  claim. 

Terraces  developed  during  Continuous  Valley -excavation. — A  degrading 
river  may  be  constrained  to  deepen  its  channel  very  slowly,  perhaps  owing 
to  very  slow  uplift,  but  more  frequently  owing  to  the  fact  that  it  crosses 
a  barrier  of  hard  rock.  Up-stream  from  the  barrier  the  river  may  flow  over 
weak  material  across  which  it  maintains  with  ease  a  graded  condition 
while  the  hard-rock  ledge — a  local  base-level — is  gradually  lowered.  Such 
conditions  exist  where  transverse  rivers  cross  outcrops  of  alternating 
weak  and  resistant  strata.  They  occur  also  in  somewhat  winding  valleys 
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Fig.  8. — Block  diagram  of  a  portion  of  the  valley  of  the  Shotover. 


Fig.  9. — View  of  terraces  in  the  Shotover  Valley,  looking  southward  down  the  valley. 
The  alluvium  forming  the  terraces  is  partly  sluiced  away.  The  river- banks  are 
solid  schist  rock. 
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which  have  been  filled  either  with  alluvium  or  with  glacial  drift. 
A  river  re-excavating  a  valley  of  this  kind  and  taking  a  course  across 
a  buried  spur  has  its  downcutting  so  retarded  thereby  that  it  develops 
a  graded,  fully  mature,  and  broadly  opened  valley  farther  up-stream. 
Such  a  river,  in  its  graded  reaches,  continues  during  downcutting  to 
follow  a  meandering  course  over  a  flood-plain  ;  the  meanders  migrate 
down  -  stream,  and  the  meander  belt  swings  from  side  to  side  of  the 
valley-floor.  Since,  however,  the  stream  is  degrading,  each  time  the 
meander  belt  approaches  the  valley  -  side  its  floor  is  at  a  lower  level 

If  it  quite  reaches  the  valley  -  side 
it  completely  cuts  away  the  former 
flood  -  plain,  but  if  not  it  leaves 
a  remnant  as  a  terrace.  Fig.  10 
illustrates  this  method  of  terrace- 
formation.  Block  A  represents  the 
river  flowing  on  a  broad  valley-plain 
in  an  alluvium  -  filled  valley.  In 
block  B  degradation  has  begun,  and 
a  strip  of  the  width  of  the  meander 
belt  has  been  incised  to  some  depth, 
leaving  a  terrace  of  the  same  height 
on  each  side  of  the  valley.  In  block  C 
the  meander  belt,  now  more  deeply 
incised,  has  swung  towards  the  right, 
leaving  as  a  second  terrace  a  portion 
of  what  was  its  floor  in  block  B. 
Block  D  represents  a  later  stage,  in 
which  a  third  terrace  has  been  left. 
It  will  be  noted  that  the  fronts  of 
terraces  developed  in  this  way  are 
concave,  as  they  mark  the  farthest 
sideward  migration  of  a  convex  curve 
of  the  meander  belt. 

Such  terraces  as  these  are  not  com¬ 
monly  found  in  the  valleys  of  rivers 
that  are  degrading  in  homogeneous 
material,  even  though  the  material  be 
soft,  for  in  this  case  there  is  nothing 
to  check  the  lateral  swinging  of  the 
meander  belt  at  the  lower,  levels,  and 
so  the  higher  floors  are  liable  to  be 
entirely  cut  away.  When,  however,  there  are  bars  of  solid  rock  such  as 
are  provided  by  buried  spurs  in  the  soft  alluvium  of  a  filled  valley,  these, 
when  they  become  exposed,  prevent  further  swinging  and  so  protect  series 
of  terraces  both  up-stream  and  down-stream  from  the  rock  ledges.  Upon 
the  ledges  the  concave  fronts  of  up-stream  and  down-stream  portions  of 
terraces  meet  in  cusps.* 


*  The  part  played  by  rock  ledges  in  defending  terraces  was  first  remarked  upon 
by  H.  Miller  (River  Terracing,  its  Methods  and  their  Results,  Proc.  Roy.  Phys.  Soc. 
Edin.,  vol.  7,  pp.  263-305,  1883).  It  was  further  discussed  by  W.  M.  Davis,  particularly 
with  reference  to  the  terrace  patterns  developed  (River  Terraces  in  New  England,  Bull. 
Mus.  Comp.  Zool.  Harv.,  vol.  38,  pp.  281-346,  1902  ;  reprinted  in  Geographical  Essays , 
Boston,  1909,  pp.  514-86). 


than  that  of  the  previous  time. 


Fig.  10. — Diagram  to  explain  the  de¬ 
velopment  of  terraces  by  a  river 
degrading  slowly  in  soft  material. 
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Beautiful  examples  of  rock-defended  terraces  occur  in  the  valley  of 
the  Bakaia  River,  at  the  Rakaia  Gorge.*  The  terraces  are  composed  of 
alluvial  gravel,  through  which  the 
river  has  cut  slowly  downward,  and 
the  defending  ledge  is  a  bar  of 
igneous  rock  crossing  the  course  of 
the  river. 

Terraces  formed  in  the  manner 
just  described  will  not  occur  at  the 
same  height  on  opposite  sides  of  a 
valley,  but  if  present  on  both  sides 
will  alternate  as  in  fig.  11,  A  ;  for, 
obviously,  the  meander  belt  takes 
a  considerable  time  to  migrate 
from  one  side  of  the  valley  to  the 
other,  and  by  the  time  it  has 
crossed  it  has  reached  a  lower  level. 

Neither  is  there  necessarily  a  symmetrical  development  of  terraces  on  both 
sides  :  in  parts  of  the  valley  terraces  may  be  entirely  absent  on  one  side 
or  the  other.  In  those  terraces,  on  the  other  hand,  which  mark  the 


Fig.  11. — -Diagrams  of  terrace  profiles. 


*  See  R.  Speight,  Some  Aspects  of  the  Terrace-development  in  the  Valleys  of  the 
Canterbury  Rivers,  Trans.  N.Z.  Inst.,  vol.  40,  pp.  16-42,  1908. 


[/?.  Speight ,  photo. 

Fig.  12. — Flight  of  terraces  in  the  Broken  River  Basin. 


development  of  flood-plains  in  brief  cycles  separated  by  episodes  of  uplift 
there  will  be  perfect  accordance  of  height  where  terraces  are  present  on 
both  sides,  and  at  some  points  there  may  even  be  perfect  symmetry  in 
the  width  of  terraces. 
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All  terraces  cut  by  streams  have  uniform  down-valley  slopes  determined 
by  the  stream-gradients  at  the  time  they  formed  part  of  valley-floors.  In 
the  direction  across  the  valley  they  are  practically  horizontal,  with  the 
exception  of  some  of  those  developed  by  lateral  swinging,  which  are  lowest 
at  the  back,  where  they  abut  against  the  concave  fronts  of  the  next  higher 
terraces.  The  low  strips,  now  generally  swampy,  mark  the  last  position  of 
the  river-channel  during  a  sideward  swing,  a  course  from  which  the  river 
was  suddenly  withdrawn  by  a  cut-off.*  Good  examples  of  such  swampy 
strips  may  be  seen  on  the  terraces  of  the  Rakaia  River  previously 
referred  to. 


Fig.  13. — Flight  of  terraces  in  the  Waiau  Gorge. 


Flights  of  Terraces  of  Composite  Origin. — Many  groups  or  flights  of 
terraces  in  New  Zealand  are  undoubtedly  of  composite  origin,  resulting 
in  part  from  intermittent  uplift,  which  has  certainly  taken  place,  and 
in  part  from  the  effects  of  restrained  downcutting.  This  is  the  case 
particularly  in  the  valleys  of  many  rivers  of  the  South  Island,  which  are 
broadly  opened  where  they  cross  the  weak  rocks  of  intermont  basins,  but 
narrow  to  gorges  in  crossing  hard-rock  barriers  farther  down-stream.  The 
investigation  of  such  terrace  flights  presents  most  interesting  problems, 
most  of  which,  however,  must  remain  insoluble  until  accurate  topographic 
maps  are  available. 


*  W.  M.  Davis,  Geographical  Essays,  Boston,  1909,  p.  519. 
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NOTE  ON  EXTRACTION  OF  MERCURY  FROM  ITS 
ORES  BY  SODIUM  SULPHIDE. 

By  Charles  H.  Holland,  M.I.M.E. 

In  the  latter  part  of  the  year  1915  experiments  that  offer  attractive 
possibilities  in  the  way  of  increased  metallurgical  efficiency  were  made 
on  the  extraction  of  mercury  from  Puhipuhi  ore  by  dissolving  the 
cinnabar  in  alkaline  sulphide  solution,  and  precipitating  the  mercury  with 
aluminium. 

The  ore  consists  of  a  compact,  siliceous,  thin-bedded  rock  of  sedimentary . 
origin,  which  has  probably  been  indurated  by  the  influence  of  the  over- 
lying  basalt  lava,  with  distinct  evidence  of  crushing  to  rude  cubes  of  about 
half  an  inch.  Pulverulent  cinnabar  occurs  frozen  to  the  facets  of  the  cubes, 
and  fills  microscopic  fractures  within  them.  The  richest  ore  is  at  the  hang¬ 
ing-wall,  the  cinnabar-content  decreasing  in  direct  ratio  to  the  distance 
therefrom.  The  ore  is  comparatively  free  from  gangue-minerals ;  ferric 
oxide,  which  is  abundant  in  and  near  the  hanging- wall,  and  a  hydrocarbon, 
which  is  noticed  in  considerable  amount  during  the  process  of  retorting, 
are  detrimental  to  the  process  if  present  in  excess. 

Briefly,  the  method  adopted  was  to  agitate  the  ore  with  a  4-per-cent, 
aqueous  solution  of  sodium  sulphide  in  the  presence  of  1-per-cent,  sodium 
hydroxide,  filter,  and  precipitate  the  double  sulphide  of  mercury  and  sodium 
by  means  of  aluminium  shavings.  During  the  cycle  the  mixture  of  the 
alkaline  sulphide  and  hydrate  is  regenerated  if  the  mercury  solution  is 
precipitated  by  a  metal  which  does  not  form  a  sulphide  in  the  wet  way. 
Small-scale  experiments  in  the  laboratory  showed  that  the  cinnabar  could 
be  completely  dissolved  in  five  minutes,  with  the  proper  concentration 
cf  sodium  sulphide  and  caustic  soda.  After  agitating  the  filtrate  with 
aluminium  filings  36  per  cent,  of  the  mercury  was  extracted  as  metal  and 
58  per  cent,  as  powder  mixed  with  foreign  matter,  making  a  total  extraction 
of  94  per  cent. 

A  number  of  tests  with  small  lots  of  ore  were  then  taken  in  hand.  Half 
a  ton  of  ore,  analysing  2*08  per  cent.  Hg,  was  ground  in  a  Chilian  mill 
to  pass  a  30-mesh  screen,  this  being  as  fine  as  could  conveniently  be 
done.  Subsequent  work  demonstrated  that  finer  crushing  was  desirable. 
A  specially  constructed  leaching-tank,  with  filter-frame  on  the  lines  of  a 
cyanide  leaching-vat,  was  made.  In  the  tank  were  placed  224  lb.  of  ore, 
and  16  gallons  of  3-6-per-cent,  solution  of  sodium  sulphide  added  to  the  top 
of  the  charge.  Percolation  commenced  three  hours  later.  At  the  end  of 
five  days  percolation  ceased  owing  to  the  packing  of  the  charge.  A  small 
vacuum-pump  was  attached,  but  did  not  materially  assist  matters,  and  as 
all  the  cinnabar  in  the  charge  was  not  in  solution  the  test  was  abandoned. 
Agitation  was  adopted  by  loading  a  butter-churn  with  a  charge  of  ore  and 
solution,  1  part  ore  to  2  parts  4-12-per-cent.  Na2S,  and  agitated  for  fifteen 
minutes.  Samples  of  the  charge  were  examined  under  the  glass.  The 
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rock-particles  appeared  to  be  free  from  mercury  sulphide,  but  loose  cinnabar 
was  noticeable  in  some  quantity.  A  further  quantity  of  solution  (4T 2-per¬ 
cent.  Na2S)  was  added,  bringing  the  proportion  up  to  1  of  ore  to  4-5  of 
solution.  Agitation  was  continued  at  intervals  for  two  hours,  and  the 
charge  left  standing  overnight.  Next  morning  all  the  cinnabar  was  dis¬ 
solved,  and  the  solution  was  filtered.  The  charge  was  given  a  water  wash 
with  1  gallon  of  water,  which  analysed  0-3  per  cent.  Na2S.  The  precipita¬ 
tion  was  performed  in  two  stages — the  first  to  recover  the  metallic  mercury, 
the  second  the  slime  precipitate.  The  amount  of  aluminium  used  was  2  oz. 
for  1  lb.  of  mercury.  In  the  first  stage  metallic  mercury  was  recovered 
representing  37-5  per  cent,  extraction,  and  the  slimes  retorted  with  manganese 
dioxide  and  lime  to  take  care  of  the  volatile  hydrocarbon.  The  result  of 
the  retorting  was  equal  to  47  per  cent,  extraction.  The  total  amount  of 
-mercury  recovered  was  equivalent  to  84-5  per  cent,  extraction.  The  slimes 
contained  an  unknown  but  appreciable  amount  of  metallic  mercury  in  very 
minute  globules  which  would  not  coalesce,  due  no  doubt  to  the  presence 
of  the  greasy  hydrocarbon.  With  a  “  clean  ”  ore  the  whole  of  the  mercury 
would  fall  in  the  metallic  state.  The  regenerated  solution  analysed  2-97 
per  cent.  Na2S.  The  aluminium  shavings  were  made  by  turning  up  a  bar 
in  a  lathe  ;  they  were  made  1  in.  wide,  and  were  thin  enough  to  see  day¬ 
light  through  pin-holes.  Precipitation  was  carried  out  in  an  extractor-box 
built  after  the  plan  of  zinc  extractors  in  cyanide  plants.  The  determination 
of  the  Na2S  solutions  was  made  by  titrating  with  a  standard  alkaline  zinc 
solution,  using  a  freshly  prepared  sodium  nitro-prusside  solution  as  an 
indicator. 

The  result  of  this  series  of  tests  enabled  a  satisfactory  conclusion  to  be 
arrived  at  in  regard  to  the  successful  treatment  of  Puhipuhi  ore,  and 
suggests  that  the  ore  should  be  crushed  in  solution  first  by  stamps  to  about 
16-mesh,  then  through  a  tube  mill  reducing  the  whole  to  a  slime,  from  which 
the  solution  could  be  separated  by  means  of  a  filter-press  or  a  vacuum- 
filter. 


SURFACE  FRICTION  OF  FLUIDS. 

By  E.  Parry,  B.Sc.,  Public  Works  Department,  N.Z. 

Of  all  the  branches  of  engineering,  that  concerned  with  the  flow  of  water 
through  pipes  and  channels  is  the  one  which  suffers  most  from  ambiguity 
and  uncertainty.  A  large  number  of  conflicting  formulae  are  in  existence, 
all  empirical  and  evidently  based  on  a  very  narrow  range  of  experience. 
This  state  of  affairs  is  due  to  the  lack  of  a  theory  which  would  enable  the 
apparently  conflicting  results  to  be  harmonized,  and  the  position  may  be 
likened  to  a  hypothetical  state  of  affairs  which  would  exist  in  the  practice 
of  designing  columns  in  the  absence  of  Euler’s  theory.  The  latter  provides 
a  sort  of  physical  parameter — viz.,  l/nk — in  terms  of  which  the  limiting  stress 
on  any  column  may  be  expressed,  where  l  is  the  length  of  the  column,  n  a 
number,  and  k  the  least  radius  of  gyration  of  the  section.  Strange  to  say, 
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a  theory  of  fluid  friction  applicable  to  turbulent  flow  and  sufficient  for  the 
purpose  of  a  working  hypothesis  has  been  in  existence  since  the  year  1883, 
when  Reynolds* * * §  published  the  result  of  his  theoretical  and  practical 
investigation  into  the  question  of  fluid  friction,  whilst  further  experimental 
proof  of  the  applicability  of  the  law  to  practical  conditions  is  furnished 
in  an  ample  manner  by  the  work  of  Stantonf  and  Stanton  and  PannellJ, 
and  by  the  work  of  the  Aeronautics  Committee  of  Great  Britain  ;  but 
hitherto  there  has  been  no  recognition  of  the  law  by  hydraulic  engineers, 
whilst  the  text-books  invariably  content  themselves  with  supplying  a  list 
of  empirical  formulae  for  the  reader  to  choose  from  after  a  more  or  less 
brief  account  of  Reynolds's  works. 

The  object  of  this  paper  is  to  call  attention  of  engineers  in  this  Dominion 
to  the  existence  of  an  accredited  and  comprehensive  law  of  fluid  friction, 
and  to  urge  upon  them  the  desirability  of  adopting  it  in  practice.  An 
attempt  is  at  the  same  time  made  to  review  the  experimental  data  available 
in  regard  to  the  flow  of  water  in  pipes,  and  to  make  deductions  therefrom. 

Briefly,  the  law  in  its  summarized  and  generalized  form  amounts  to 
this — that  for  geometrically  similar  surfaces  the  following  relationship 
exists,  viz. :  R /pv2  is  a  function  of  vl/v,  where  R  is  the  resistance  per  unit 
of  area,  p  the  density  of  the  fluid,  v  the  relative  velocity,  l  a  dimension 
of  the  surface,  and  v  the  kinematic  viscosity  or  the  ratio  of  the  physical 
viscosity  to  the  density  of  the  fluid.  This  law  applies  to  pipes  or  channels, 
moving  surfaces,  and  vanes  of  any  form,  and  to  any  fluid,  liquid  or  gaseous, 
and  affords  a  means  of  co-ordinating  every  possible  condition  which  enters 
into  the  problem,  and  furnishes  a  physical  parameter,  vl/v,  in  terms  of 
which  to  express  the  values  of  R /pv2.  If  now  the  law  be  restricted  to 
pipe-flow,  and  the  expression  ~R/pv2  converted  into  a  form  which  is.  more 
usual  in  engineering  practice,  we  obtain  id/ 4v2  as  a  function  of  vd/v,  where 
i  is  the  hydraulic  gradient,  d  the  diameter,  and  v  the  mean  velocity. 

It  was  first  suggested  by  Lord  Rayleigh§  that  vd/v  should  be  plotted 
as  abscissae,  and  id/ iv2  as  ordinates  ;  which  method  has  been  adopted 
by  Stanton  in  plotting  the  results  of  his  experiments,  except  that  it  is 
found  necessary,  because  of  the  extremely  wide  range  of  observations,  to 
employ  the  logarithm  of  vd/v  instead  of  the  number  itself. 

The  following  is  a  summary  of  the  more  important  results  of  investiga¬ 
tion  to  date,  and  of  some  conclusions  arrived  at  from  a  study  of  the 
subject: — 

1.  The  critical  velocity,  or  the  velocity  at  which  a  fluid  changes  from  a. 
linear  state  of  flow  to  a  sinuous  state,  is  such  that  the  value  of  vd/v  is  a 
constant.* 

2.  The  distribution  of  velocity  throughout  the  section  of  a  pipe  is  such 
that  the  average  velocity  is  a  function  of  vd/v,  where  v  is  the  velocity  of 
the  centre  filament. f  If  the  flow  be  linear  the  ratio  of  the  average  velocity 
to  the  maximum  at  the  centre  is  a  constant — viz.,  0*5.  If  the  flow  be 


*  Reynolds,  Phil.  Trans.  Roy.  Soc.,  vol.  176,  p.  935,  1883. 

f  T.  E.  Stanton,  Proc.  Roy.  Soc.,  A,  vol.  85,  p.  366. 

J  T.  E.  Stanton  and  I.  R.  Pannell,  Similarity  of  Motion  in  Relation  to  the 
Surface  Friction  of  Fluids,  Phil.  Trans.  Roy.  Soc.,  Ser.  A,  vol.  214,  pp.  212-15,  1914. 

§  Lord  Rayleigh,  Phil.  Mag.,  vol.  34,  pp.  59-70,  1892. 
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sinuous  the  relationship  may  be  expressed  by  a  curve,  which  tends  to 
become  asymptotic  at  a  ratio  of  about  0-82. 

3.  The  value  of  id/iv2  is  a  function  of  vd/v  for  a  wide  range  of  values 
of  v  and  of  v ;  but  as  regards  the  diameter  the  underlying  principle  demands 
that  the  roughness  should  be  proportional  to  the  diameter,  which  is  a 
difficult '  condition  to  fulfil.  Nevertheless  the  results  obtained  by  Stanton 
in  his  experiments  on  pipes  varying  from  0-142  in.  to  5  in.  diameter,  but 
having  approximately  the  same  surface-characteristic,  fall  sufficiently 
within  limits  of  experimental  errors,  although  it  is  not  known  how  far  these 
limits  may  extend  if  much  larger  pipes  be  included  in  the  range  of 
experiment. 

4.  The  function  may  for  analytical  purposes  be  expressed  in  the  form* 

(v \ n  „  .  . 

—  )  +  6  ;  and  experiments  carried  out  by  Landerf  on  a  steel  pipe  0’423  m. 

diameter  indicate  that  for  the  same  diameter  a  change  in  the  surface- 
characteristic  making  it  more  or  less  rough  causes  a  change  in  both  a 
and  b  and  in  the  index  n. 

5.  A  study  of  the  subject  by  plotting  log.  (id/ iv2  —  b)  against  log.  vd/v 
would  seem  to  indicate  that  only  one  observation  is  sufficient  to  determine 
the  characteristics  of  a  given  surface,  whilst  Stanton’s  experiments  are 
suggestive  of  the  idea  that  observation  of  the  distribution  of  velocity  in 
the  pipe  will  also  enable  the  surface-characteristic  to  be  determined  without 
recourse  to  an  extended  series  of  experiments  on  long  pipes. 

6.  The  possibility  suggests  itself,  upon  reading  Stanton’s  paper  upon 
“  The  Mechanical  Viscosity  of  Fluids,  ”J  of  extending  the  usefulness  of  v 
by  taking  into  account  not  only  the  physical  viscosity  proper,  but  also 
the  quality  of  the  surface  and  the  turbidity  of  the  fluid,  and  thereby 
including  in  its  scope  the .  case  of  water  carrying  silt  and  other  matter  in 
suspension. 

It  is  evident  from  a  study  of  the  researches  referred  to  that  the  law  of 
the  surface  friction  of  fluids,  at  any  rate  near  enough  for  practical  purposes, 
is  expressed  for  round  pipes  in  the  relation  between  id/ iv2  and  vd/v,  the 
lack  of  recognition  of  which  has  been  in  the  past  the -cause  of  much  con¬ 
fusion  and  of  a  vast  amount  of  waste  effort  in  abortive  experiments. 

Once  the  law  as  stated  comes  to  be  recognized  by  hydraulic  engineers 
there  will  be  a  tendency  on  their  part  to  substitute  a  constant  for  the 
symbol  v,  as  they  are  dealing  with  only  one  form  of  fluid,  and  that  at  tem¬ 
peratures  the  range  of  which  usually  does  not  affect  the  results  to  any  very 
great  extent.  This  tendency  will  be  all  the  greater,  as  there  is  something 
of  an  abstract  nature  to  most  people  about  viscosity  which  inclines  them 
to  ignore  it  if  possible.  Such  a  course  would  be  most  regrettable,  because 
the  symbol  serves  as  a  common  bond  of  union  for  all  fluids,  gaseous  or 
liquid.  Moreover,  even  if  one’s  interest  is  limited  to  hydraulics,  there 
remains  the  possibility,  as  suggested  above,  of  utilizing  and  of  extending 
the  scope  of  it  to  embrace  a  surface  effect  and  the  effect  of  matter  in 
.suspension. 

*  C.  H.  Lees,  Proc.  Roy.  Soc.,  A,  vol.  91,  p.  46,  1914. 
f  C.  H.  Lander,  Proc.  Roy.  Soc.,  A,  vol.  92,  p.  337,  1916. 
x  Proc.  Roy.  Soc,  A.,  vol.  85,  p.  369,  1911. 
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THE  FROZEN-MEAT  INDUSTRY  OF  NEW  ZEALAND. 

By  M.  A.  Eliott. 


Like  all  other  commercial,  industrial,  and  national  projects,  the  frozen- 
meat  industry  originated  and  has  since  been  based  on  the  ancient,  universal, 
and  continuous  law  of  supply  and  demand. 

Let  us  see  how  this  has  applied  to  the  rise  of  the  great  frozen-meat 
industry  in  New  Zealand.  Taking  first  the  demand,  the  following  table 
shows  the  population  at  different  periods  as  compared  with  the  number  of 
live-stock  in  the  United  Kingdom  : — 


Year. 

Population. 

Live-stock  (Cattle, 
Sheep,  and  Pigs). 

1850-60 

..  28,265,000 

40,676,000 

1867 

..  31,000,000 

46,770,524 

1880 

..  35,606,000 

42,974,261 

1910 

..  45,500,000 

46,491,521 

1914 

..  46,000,000 

44,097,000 

A  parliamentary  return  gave  the  following  average  prices  of  meat : — 


Year. 


1851 

1861 

1871 

1881 

1895 

1910 


Price  per 
Pound. 

Average  Quantity  of 
Meat  imported  per  Head 

of  Population. 

4fd. 

0-01  lb. 

6fd. 

•  . 

8d. 

•  0 

8Jd. 

3-5  lb. 

12-4  lb. 

28  lb. 

The  dwindling  flocks  and  herds  compared  with  the  increasing  popu 
lation  in  the  United  Kingdom  had  given  rise  to  considerable  food  for 
thought,  and  the  matter  was  frequently  discussed  in  Parliament. 

Turning  now  to  the  supply  (from  New  Zealand),  the  following  table 
will  show  the  enormous  increase  of  the  flocks  and  herds  in  New  Zealand 


Year. 

Population. 

Cattle. 

Sheep. 

1851 

26,707 

68.000 

233.043 

1861 

99,021 

193,285 

2,761,383 

1871 

256,393 

436,592 

9,700,629 

1881 

489.933 

698,637 

12,985,085 

1911 

..  1,025,406 

2,020,171 

23,996,126 

1916  (approx.) 

..  1,150,000 

2,417,491 

24,788,150 

In  the  “  sixties  ”  and  “  seventies,”  in  New  Zealand,  sheep  had  increased 
so  rapidly  that  there  was  no  means  of  dealing  profitably  with  the  surplus 
stock.  Boiling  down  for  the  sake  of  the  tallow  was  the  only  outlet,  and 
large  numbers  of  sheep  were  often  sold  for  6d.  to  Is.  per  head.  Sheep 
were  grown  solely  for  the  wool,  the  carcase  being  practically  of  no  value. 
Indeed,  it  is  related  that  the  surplus  flocks  in  some  districts  were  driven 
over  the  cliffs  into  the  sea,  this  being  the  only  practicable  means  of  getting 
rid  of  them.  Even  forty  years  ago  it  was  not  an  uncommon  thing  for  prime 
legs  of  mutton  to  be  sold  at  6d.  each.  Mr.  C.  J.  Monro  states  that  in  Marl¬ 
borough  he  remembers  a  line  of  1,000  prime  wethers  being  sold  for  £30  for 
the  lot. 
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Factories  were  in  operation  in  various  parts  for  boiling  down  for  tallow 
and  for  preserving  in  tins  for  export,  and  an  immense  number  of  sheep 
were  thus  worked  off.  But  with  improvement  in  the  breeds  of  sheep  and 
the  large  annual  increase  in  our  flocks  it  soon  became  evident  that  some 
other  process  would  have  to  be  adopted  for  disposing  of  the  better  classes 
of  crossbreds,  which  were  then  becoming  very  numerous.  As  showing  to 
what  extent  the  boiling-down  process  had  been  carried  on  it  may  be  men¬ 
tioned  that  during  the  nine  years  ended  January,  1881,  an  average  of 
30,000  sheep  per  year  had  been  treated  at  the  Washdyke  factory,  and  about 
this  time  a  boiling-down  factory  was  started  at  Templeton.  The  number 
of  sheep  in  the  Provincial  District  of  Canterbury  for  the  year  1880  was 
returned  at  3,487,220,  being  an  increase  for  the  year  of  317,129.  The 
tallow  exported  during  that  year  from  Canterbury  amounted  to  1,600  tons, 
while  the  number  of  sheep  converted  at  the  Templeton  factory  was  52,000, 
and  95,000  head  were  similarly  treated  at  the  Washdyke. 

Here,  then,  we  had  a  great  and  increasing  demand  for  meat  food  on  the 
one  side  of  the  world,  and  an  enormous  and  prolific  supply  on  the  other, 
yet  separated  by  half  the  circumference  of  the  globe  ;  and  the  problem 
was  to  find  a  means  of  preventing  natural  decay  while  transporting. 

Very  many  methods  of  preserving  meat  were  tried,  some  of  which  were 
utter  failures  while  others  were  in  a  measure  successful ;  but  real  success 
was  not  attained  until  refrigeration  was  adopted  and  improved  upon.  It  is 
difficult  to  realize  that  only  about  thirty-five  years  have  elapsed  since  one  of 
the  most  important  of  the  world’s  industries  was  inaugurated,  resulting  in 
the  enormous  and  increasing  trade  of  the  present  day.  And  yet  the  whole 
of  this  great  industry,  and  to  a  very  great  extent  the  general  prosperity 
and  advancement  of  New  Zealand,  hangs  on  the  slender  piston-rod  of  a 
refrigerating-machine . 

Imagine  what  this  country  would  be  like  if  we  were  unable  to  export 
our  surplus  meat,  butter,  cheese,  &c.  Instead  of  land  being  worth  up  to 
£70  and  £80  per  acre,  it  would  probably  not  be  worth  as  many  shillings, 
and  stock  would  be  practically  unsaleable.  Instead  of  prosperous  and 
growing  towns  such  as  Palmerston  North,  Feilding,  &c.,  we  would  have 
little  more  than  backblocks  settlement.  We  cannot,  therefore,  think  too 
highly  of  the  services  rendered  to  Australasia  by  the  pioneers  of  the  industry 
who  risked  so  much,  and  sometimes  ruined  themselves  financially,  in  the 
endeavours  to  solve  the  great  problem  of  successful  preservation  of  animal 
food.  All  honour  to  the  brave  and  resourceful  men  who,  despite  many 
failures  and  apparently  insuperable  difficulties,  persevered  and  finally 
brought  the  industry  to  a  successful  conclusion  ! 

Referring  briefly  to  some  of  the  prominent  pioneers  in  Australia,  we 
have  Thomas  Sutcliffe  Mort,  who  arrived  in  Sydney  in  about  1838,  and 
founded  the  well-known  firm  of  Goldsborough,  Mort,  and  Co.,  establishing 
the  first  freezing- works  in  the  world  at  Darling  Harbour,  Sydney,  in  1861. 
Mr.  Mort  spent  a  large  fortune  (about  £80,000)  in  experiments  in  connection 
with  frozen-meat  export. 

Then  there  was  James  Harrison,  who  emigrated  to  Sydney  in  1837, 
who  was  originally  a  journalist,  but  who  took  up  land  and  experimented 
in  ice-making  machinery.  In  1851  he  erected  the  first  refrigerator  in  the 
world,  and  at  Melbourne  in  1873  he  exhibited  several  carcases  of  sheep 
that  had  been  frozen  for  six  months  and  were  then  in  good  condition  for 
food.  Like  Mort,  he  spent  a  large  fortune  in  experimenting  and  was 
ruined. 
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To  Henry  and  James  Bell  and  J.  J.  Coleman  belong  the  honour  of 
landing  in  London,  in  1880,  the  first  shipment  of  frozen  meat  from  Australia, 
by  means  of  a  refrigerating-machine  called  the  “  Bell-Coleman.” 

In  1880  the  “  Strathleven  ”  arrived  in  London  with  40  tons  of  beef  and 
mutton  from  Sydney  and  Melbourne  that  had  been  frozen  on  board.  This 
shipment  arrived  in  excellent  condition,  costing  IJd.  to  2d.  per  pound  in 
Australia,  and  realizing  4Jd.  to  5d.  per  pound  for  the  beef  and  5jd.  to  6d. 
for  the  mutton  in  London,  and  may  be  looked  on  as  the  pioneer  shipment 
from  Australia. 

We  cannot  overlook  the  name  of  the  great  French  engineer  and  scientist, 
Charles  Tellier,  who  was  instrumental  in  bringing  a  shipment  of  meat  from 
Buenos  Ayres  to  Rouen  in  1877.  This  was  the  first  meat  cargo  carried 
through  the  tropics  under  refrigeration.  Tellier  invented  the  ammonia- 
absorption  and  ammonia-compression  refrigerating-machines.  Like  many 
others  who  were  first  in  the  field  in  this  industry,  M.  Tellier  died  almost  in 
poverty. 

Turning  now  to  New  Zealand,  we  must  give  the  palm  for  the  first  ship¬ 
ment  to  a  company  of  Scotchmen — the  New  Zealand  and  Australian  Land 
Company,  of  Edinburgh.  Mr.  W.  S.  Davidson  was  general  manager,  and 
Mr.  Thomas  Brydone  was  the  company’s  superintendent  in  New  Zealand. 
Realizing  the  need  for  providing  an  outlet  for  the  surplus  stock  in  New 
Zealand,  and  the  success  of  the  initial  shipments  from  Australia,  this  com¬ 
pany  arranged  with  the  Albion  Shipping  Company  to  fit  up  the  sailing- 
ship  “  Dunedin  ”  (1,200  tons,  Captain  Whitson)  for  the  purpose  of  carrying 
a  cargo  of  frozen  meat  from  New  Zealand.  As  this  was  the  first  shipment 
from  this  country,  I  will  give  a  few  more  interesting  details.  There  being 
no  freezing-works  in  New  Zealand,  it  was  decided  to  kill  the  stock  on  land 
and  then  freeze  on  board,  and  on  the  7th  December,  1881,  at  Port  Chalmers, 
Mr.  Davidson  and  Mr.  Brydone  personally  stowed  on  the  “  Dunedin  ” 
the  first  frozen  sheep  from  New  Zealand.  After  several  delays  caused  by 
breakdown  of  machinery  the  “  Dunedin  ”  sailed  on  the  11th  February, 
1882,  and  arrived  in  London  docks  on  the  24th  May,  after  a  passage  of 
ninety-eight  days.  The  trials  and  worries  for  the  captain  in  this  experi¬ 
mental  voyage  must  have  been  severe.  It  is  related  that  when  in  the 
tropics  the  temperature  got  so  high  in  the  chambers  that  Captain  Whitson 
decided,  as  a  last  resort,  to  alter  the  circulation  of  the  air.  To  do  this  he 
had  to  crawl  down  the  main  trunk ;  and  while  cutting  fresh  openings  he 
was  overcome  by  the  frost,  and  had  to  be  rescued  by  the  mate  crawling 
in  behind  him  and  fastening  a  rope  to  his  legs,  by  which  he  was  pulled  out 
of  the  air-trunk. 

The  “  Dunedin’s  ”  cargo  consisted  of  4,460  sheep  and  449  lambs,  and 
it  is  interesting  to  compare  this  with  the  130,000  carcases  carried  by  some 
of  the  fine  insulated  steamers  that  before  the  war  left  New  Zealand  almost 
weekly.  The  shipment  was  sold  at  the  Smithfield  Market  within  a  fort¬ 
night  of  arrival,  and  was  pronounced  “  as  perfect  as  meat  could  be.” 
Mention  of  this  shipment  was  even  made  in  the  House  of  Lords.  The 
mutton  and  lamb  realized  about  6jd.  per  pound,  and  the  total  charges  were 
a  little  over  3d.  per  pound;  and,  as  the  stock  was  only  worth  about  11s. 
per  head  in  the  Dunedin  market,  there  was  a  net  return  of  £1  Is.  9d.  per 
head,  which  amounted  to  about  100  per  cent,  profit  on  the  shipment. 

The  success  of  the  “  Dunedin  ”  led  to  another  Albion  fast  sailer,  the 
“  Marlborough,”  being  fitted  out,  the  former  carrying  9,000  carcases  and 
the  latter  13,000.  After  about  six  voyages  both  vessels  left  New  Zealand 
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within  a  few  weeks  of  each  other,  and  neither  was  ever  heard  of  again.  It 
is  supposed  that  they  struck  icebergs  off  Cape  Horn. 

Mention  has  been  made  of  Mr.  Thomas  Brydone.  A  cairn  has  been 
erected  on  the  Totara  estate  in  memorial  of  the  important  part  he  took 
in  the  successful  pioneer  shipment. 

In  the  thirty  years  from  May,  1882,  to  1912,  78,000,000  carcases  have 
been  shipped.  In  the  four  years  1913  to  1917,  35,700,000  carcases  have 
been  shipped,  making  a  total  of  113,700,000  carcases  shipped  ;  and  also 
during  the  last  five  years  over  2,000,000  quarters  of  beef  have  been  shipped 
from  New  Zealand,  and  have  been  handled  by  the  retailer  in  Great  Britain. 

The  first  shipment  by  steamer  was  8,506  carcases,  in  the  “  Marsala,” 
in  1883. 

The  first  freezing- works  in  New  Zealand  were  erected  at  Burnside,  near 
Dunedin,  in  1881,  and  other  works  at  Oamaru  soon  followed,  both  being 
built  by  the  New  Zealand  Refrigerating  Company.  This  concern,  although 
the  pioneer  company,  never  reached  large  proportions,  and  in  1905  it  was 
absorbed  by  the  Christchurch  Meat  Company.  Mr.  John  Roberts,  of 
Dunedin,  and-  Mr.  Brydone  were  both  directors,  and  always  took  a  leading 
part  in  the  development  of  the  trade  ;  and  among  other  directors  were 
Messrs.  W.  J.  M.  Larnach  and  E.  B.  Cargill.  It  will  be  noted  that  although 
Otago  started  the  frozen-meat  industry  it  has  now  dropped  far  behind, 
and  is  easily  outstripped  by  Canterbury,  Wellington,  Hawke’s  Bay,  and 
Auckland. 

The  establishment  of  freezing-works  in  Canterbury  was  initiated  at  a 
meeting  held  in  the  rooms  of  the  Canterbury  Agricultural  and  Pastoral 
Association  on  the  11th  December,  1881.  There  were  present  Messrs. 
John  Grigg,  H.  P.  Murray-Aynsley,  J.  D.  Enys,  G.  Hart,  D.  G.  Holmes, 
John  Cooke,  R.  and  P.  Westenra,  E.  S.  Harley,  J.  McArthur,  A.  M.  Clarke, 
J.  MacFarlane,  and  the  Hons.  E.  Richardson  and  Matthew  Holmes. 
Mr.  Grigg  gave  a  number  of  particulars  as  to  the  increase  of  sheep  in 
the  province,  and  urged  that  the  freezing  industry  should  be  undertaken, 
prophesying  that  it  would  prove  one  of  the  greatest  blessings  not  only 
to  the  province,  but  also  to  the  colony  as  a  whole.  He  concluded  by 
moving  that  a  meat  and  produce  export  company  be  formed.  On  the 
15th  March,  1882,  the  company  (known  as  the  Canterbury  Frozen  Meat 
Company)  was  registered,  with  2,000  shares  of  £10  each,  a  capital 
which  was  shortly  doubled ;  Mr.  John  Grigg  being  first  chairman  of 
directors  and  Mr.  Waymouth  secretary.  Belfast  was  the  site  selected  for 
the  works,  and  contracts  were  at  once  let  for  the  necessary  buildings,  and 
machinery  was  imported  from  the  United  Kingdom.  That  no  time  was 
lost  is  evidenced  by  the  fact  that  the  works  were  completed  and  operations 
commenced  on  the  16th  February,  1883.  The  first  shipment  was  made 
by  the  s.s.  “  British  King,”  which  sailed  from  Lyttelton  on  the  8th  April 
of  the  same  year  with  6,198  carcases  of  Belfast  mutton  on  board.  At 
first  the  daily  killing-capacity  was  only  about  250  carcases.  This  has  now 
been  increased  to  100  cattle  and  6,000  sheep  per  day.  The  company  also 
have  works  at  Fairfield  and  Pareora. 

The  Christchurch  Meat  Company  erected  works  at  Islington,  with  a 
killing-capacity  of  500  sheep  per  day  (see  fig.  1).  These  works  are  now 
capable  of  handling  7,000  sheep  and  50  cattle  per  day,  and  are  most 
up-to-date  in  every  respect.  This  company  was  the  first  to  pay  particular 
attention  to  the  by-products  of  the  animal,  such  as  skins,  blood,  &c.,  which 
now  are  of  very  great  value,  everything  being  worked  up  into  some 
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commercial  commodity.  In  fact,  these  by-products  are  utilized  to  such 
an  extent  that  a  great  proportion  of  the  profits  comes  from  them.  The 
Christchurch  Meat  Company  also  owns  works  at  Smithfield  (near  Timaru), 
Picton,  Pukeuri  (near  Oamaru),  Burnside,  and  Wanganui.  In  1891  Mr. 
Gilbert  Anderson  (now  of  London)  was  elected  managing  director,  and  it 
was  due  to  a  great  extent  to  his  organization  that  the  company  was 
brought  to  such  a  high  position  in  the  trade.  I  may  here  mention  that 
the  Christchurch  Meat  Company  has  erected  very  large  and  up-to-date 
works  at  Imlay,  near  Wanganui ;  and  it  is  interesting  to  learn  that  the 
name  of  the  company  has  lately  been  changed  to  the  “  New  Zealand 
Refrigerating  Company,’5  thus  going  back  to  the  name  of  the  first  company 
formed  in  New  Zealand,  whose  business  it  absorbed. 


[  S.  Taylor,  Dept.  Agriculture .  photo. 
Fig.  1. — Islington  Freezing-works. 


Too  much  importance  cannot  be  attached  to  the  valuable  part  rendered 
by  the  late  John  Grigg  in  developing  the  industry  in  Canterbury,  and  it 
should  never  be  lost  sight  of  that  it  was  entirely  due  to  his  exertions  that 
the  trade  in  this  part  of  the  Dominion  in  frozen  meat  was  placed  on  such 
a  businesslike  and  sound  footing.  The  feature  of  Mr.  Grigg’s  connection 
was  his  absolute  confidence  from  the  outset  in  the  ultimate  result  of  this 
new  trade.  As  a  fat-stock  raiser  he  fully  realized  the  extreme  importance 
of  an  outlet  for  surplus  stock,  and  in  backing  up  his  opinion  he  adopted 
the  practical  method  of  chartering  sailing-ships  with  refrigerating  machinery 
and  filling  them  from  stock  provided  by  himself.  He  not  only  did  this 
in  Canterbury,  but  he  also  assisted  the  early  operations  in  Dunedin  by 
supplying  sheep  previous  to  works  being  established  in  Canterbury.  It 
required  a  considerable  amount  of  pluck  in  those  days  to  plunge  in  and 
take  the  risks  which  this  early  pioneer  in  the  trade  ran  into,  not  only  in 
dealing  with  stock  from  his  own  place  but  in  the  much  larger  proportion 
which  consisted  of  purchases  from  other  growers. 

11 — Science, 
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The  Gear  Meat-preserving  Company-  was  formed  in  1882,  and  erected 
works  at  Petone.  At  first  the  slaughtering-capacity  was  500  sheep  and 
40  cattle  per  day  ;  now  it  has  increased  to  10,000  sheep  and  100  cattle. 
The  first  directors  were  P.  A.  Buckley,  J.  Duthie,  B.  Greenfield,  W.  H. 
Levin,  J.  R.  Lysaght,  J.  McKelvie,  N.  Reid,  J.  Thompson,  and  James 
Gear.  At  the  present  time  the  Gear  Company  own  one  of  the  most 
complete  freezing-works  in  the  world.  It  is  stated  that  an  offer  has 
lately  been  made  by  one  of  the  largest  American  meat  companies  to 
purchase  these  works,  but  it  is  satisfactory  to  learn  that  the  offer  was 
rejected,  and  these  fine  works  still  remain  under  the  control  of  a  New 
Zealand  company. 

Mention  must  be  made  of  the  name  of  Mr.  W.  Nelson,  who  was  one  of 
the  foremost  in  promoting  the  freezing  industry  in  this  country.  Messrs. 
Nelson  Bros,  have  erected  works  at  Tomoana,  at  Gisborne,  and  at  Hornby. 


[D.  J .  Aldersley,  'photo. 

Pig.  2 — Ngahauranga  Freezing- works. 

The  Wellington  Meat  Export  Company  was  formed  in  1881,  the  late 
Mr.  William  Dilnot  Sladden  being  the  first  manager.  The  freezing-capacity 
of  the  works  at  Ngahauranga  was  at  first  only  300  sheep  daily  ;  now  it  is 
8,000  sheep  and  120  cattle  (see  fig.  2).  The  first  directors  of  the  company 
were  W.  C.  Buchanan,  W.  Booth,  George  Beetham,  J.  T.  Dalrymple, 
H.  H.  Lang,  J.  R.  Lysaght,  J.  E.  Nathan,  C.  Pharazyn,  and  D.  Peat. 

The  Longburn  works  were  built  in  1895.  The  first  directors  were 
C.  Bull,  J.  McLennan,  R.  S.  Abraham,  J.  O.  Batchelor,  D.  Buick,  and 
H.  Howard.  In  1896  the  company  was  taken  over  by  the  National  Mort¬ 
gage  and  Agency  Company.  The  killing-capacity  is  now  1,500  sheep  and 
60  cattle  daily. 

The  Wanganui  works  were  established  in  1891  at  Castlecliff.  The 
present  killing-capacity  is  2,200  sheep  and  80  cattle  per  day. 

Many  new  companies  have  since  been  formed  and  freezing-works  built, 
and  the  following  is  a  list  of  the  various  works  in  New  Zealand,  with  their 
killing  and  storage  capacity : — 
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Name  of  Company. 

Works. 

Ivilling- 

per 

capacity 

Day. 

Storage 

erected 

since 

August, 

Total 

Storage. 

Cattle. 

Sheep. 

. 

1914, or  in 
Course  of 
Erection. 

Auckland  Farmers’ Freezing  Co. 

Southdown  .  . 

220 

3,000 

Carcases. 

100,000 

Carcases. 

172,000 

*Horotiu 

220 

3,000 

180,000 

180,000 

W.  and  R.  Fletcher,  Ltd. . . 

Whangarei  . . 

150 

1,000 

40,000 

90,000 

)>  .  .  •  •  • 

East  Coast  Co-operative  Freezing  Co.,  Ltd.  .  . 
Tokomaru  Sheep-farmers’  Freezing  Co.,  Ltd. 

*  Westfield 

150 

3,000 

200,000 

200,000 

*Whakatane  . . 

200 

1.000 

100,000 

100,000 

Waima,  Toko- 

60 

3 , 000 

60,000 

120,000 

Poverty  Bay  Farmers’  Meat  Co. 

maru  Bay 
*Waipaoa 

150 

3,000 

200,000 

200,000 

Gisborne  Sheep-farmers’  Frozen  Meat  Co..  Ltd. 

Haiti 

150 

4.500 

120,000 

230,000 

Nelson  Bros.,  Ltd. 

Taruhcru 

85 

3 , 000 

13,000 

95 , 000 

Wairoa  Farmers’  Co-operative  Meat  Co.,  Ltd. 

*  Wairoa 

50 

2,000 

125,000 

125,000 

North  British  and  Hawke’s  Bay  Freezing  Co., 

Westshore,  Na- 

40 

1,500 

36,000 

Ltd. 

Thos.  Borthwick  and  Sons,  Ltd. 

pier 

Pakipaki 

30 

2,000 

10,000 

60 , 000 

Hawke’s  Bay  Farmers’  Meat  Co.  . . 

*Whakatu 

80 

2,000 

90,000 

120,000 

Nelson  Bros.,  Ltd. 

Tomoana 

80 

4,000 

73,000 

165,000 

Taranaki  Farmers’  Meat  Co. 

*New  Plymouth 

120 

1,500 

80,000 

80,000 

Thos.  Borthwick  and  Sons,  Ltd. 

Waitara 

200 

2,000 

80,000 

Patea  Farmers’  Co-operative  Freezing  Co.,  Ltd. 

Patea 

150 

1.000 

70,000 

120,000 

Wanganui  Meat  Freezing  Co. 

Castled  iff 

80 

2,200 

40,000 

110,000 

New  Zealand  Refrigerating  Co. 

Otaihape  Farmers’  Meat  and  Produce  Co.,  Ltd. 

*Imlay 

200 

6,000 

250,000 

250,000 

*Winiata 

35 

1,500 

100,000 

100,000 

Wellington  Meat  Export  Co.,  Ltd. 

Feilding  Farmers’  Freezing  Co. 

*Ivakariki 

75 

2,000 

100,000 

100,000 

*Aorangi 

70 

1,200 

110,000 

110,000 

National  Mortgage  and  Agency  Co. 

Longburn 

80 

1,500 

70,000 

110,000 

Wellington  Farmers’  Meat  Co. 

Taratahi 

260 

6,000 

170,000 

300 , 000 

Gear  Meat  Preserving  and  Freezing  Co.  of  New 

Petone 

100 

10,000 

100,000 

400,000 

Zealand,  Ltd. 

Wellington  Meat  Export  Co.,  Ltd.  . . 

Ngahauranga 

130 

7,000 

100,000 

240,000 

Totals,  North  Island 

3,165 

77,900 

2,501,000 

3,893,000 

Nelson  Freezing  Co.,  Ltd. 

Stoke 

25 

700 

10,000 

20,000 

New  Zealand  Refrigerating  Co.,  Ltd. 

Picton 

30 

1,000 

23,000 

Canterbury  Frozen  Meat  Co.,  Ltd.  . . 

Islington 

50 

7,000 

120,000 

354,000 

Belfast 

100 

6,000 

117,000 

190,000 

5)  5? 

Fairfield 

20 

4,000 

29,000 

80,000 

J,  J3 

Pareora 

50 

4,500 

98,000 

178,000 

Thos.  Borthwick  and  Sons,  Ltd. 

*  Belfast 

4,000 

76,000 

76,000 

Nelson  Bros.,  Ltd. 

*Hornbv 

1,500 

64,000 

64,000 

North  Canterbury  Sheep-farmers’  Co-operative 

*Kaiapoi 

40 

2,500 

100,000 

100,000 

Freezing,  Export,  and  Agency  Co.,  Ltd. 

New  Zealand  Refrigerating  Co.,  Ltd. 

Smithfield 

50 

6,000 

60,000 

186,000 

5J  • 

Pukeuri 

3 , 000 

120,000 

200,000 

?>  ?? 

South  Otago  Freezing  Co.,  Ltd. 

Burnside 

50 

3,500 

80,000 

216,000 

Finegand,  Bal- 

40 

2,500 

160,000 

200,000 

Southland  Frozen  Meat  and  Produce  Export 

clutha 

Mataura 

70 

2,500 

91,500 

Co.,  Ltd. 

Ditto  . . 

Makarewa 

120 

2,500 

60,000 

74,000 

,, 

Bluff 

13,000 

114,000 

J.  G.  Ward  and  Co.,  Ltd. . . 

Ocean  Beach 

i50 

2,000 

40,000 

125,000 

Totals,  South  Island 

795 

53 , 200 

1,147,000 

2,291,500 

*  Started  operations  since  August,  1914. 


Number  of 
Works. 

Daily 

Killings. 

Increase  Storage 
since  August, 
1914. 

Total  Storage. 

Cattle. 

Sheep. 

Carcases. 

Carcases. 

North  Island 

26 

3,165 

77 , 900 

2,501,000 

3 , 893 , 000 

South  Island 

16 

795 

53,200 

1,147,000 

2,291,500 

Totals 

42 

3,960 

131,100 

3,648,000 

6,184,500 

Number  of  works  :  Increase  50  per  cent,  on  totals  in  1914. 

Cattle  :  Capacity  per  day,  increase  48-6  per  cent,  on  1913-14  totals.  Increase  in  number  in  the 
Dominion  between  1911  and  1917  equals  2-75  per  cent.  ;  increase  in  number  killed  for  export,  1914 
to  1917,  122-2  per  cent. 

Sheep  :  Capacity  per  day,  increase  26  per  cent,  on  1913-14  totals.  Increase  in  number  in  the  Dominion 
between  1913  and  i.917  equals  l-9  per  cent.;  decrease  in  number  killed  for  export,  1914  to  1917, 
3-9  per  cent. 

Storage  :  North  Island  works,  increase  179-67  per  cent.  South  Island  works,  increase  100-22  per  cent, 
whole  of  New  Zealand,  increase  143-82  per  cent. 


164  The  N.Z.  Journal  of  Science  and  Technology.  [May 

Since  the  outbreak  of  war  in  August,  1914,  the  number  of  freezing- 
works  in  New  Zealand  has  increased  by  eleven  in  the  North  Island  and 
three  in  the  South  Island,  the  total  number  now  being  forty-two  ;  the 
increase  being  equal  to  50  per  cent,  on  the  previous  total. 

These  new  works,  together  with  increased  capacity  in  the  older  works, 
give  an  additional  killing-capacity  of  70-33  per  cent,  in  cattle  and  79-67 
per  cent,  in  sheep  per  day,  the  North  Island  accounting  for  47-9  per  cent, 
of  cattle  and  30  per  cent,  of  sheep.  While  the  capacity  of  the  works  has 
increased  to  this  extent,  the  number  of  cattle  has  only  increased  by  2-75  per 
cent.,  and  sheep  by  T9  per  cent,  for  the  same  period. 

It  may  be  of  some  interest  briefly  to  touch  on  the  methods  employed 
in  New  Zealand  freezing-works. 

Under  normal  conditions  the  freezing  season  is  from  about  the  middle 
of  November  to  May  or  June.  The  fat  stock — i.e.,  cattle,  sheep,  and  lambs 
— are  either  bought  outright  from  the  farmer  by  the  freezing  company  or 
a  meat-exporter  at  a  certain  price  per  head  at  the  farm,  or  at  so-much  per 
pound  “  on  the  hooks  ”  at  the  works  ;  or  the  farmer  has  the  option  of 
having  the  stock  killed  and  shipped  on  his  own  account. 

The  stock  is  either  driven  by  road  or  carried  by  rail  to  the  freezing- 
works,  which  are  generally  situated  near  a  shipping-port  ;  and,  inter  alia,  I 
may  state  that  for  some  time  there  has  been  considerable  discussion  as  to 
whether  it  is  more  advisable  to  rail  the  live-stock  to  the  port  and  kill  there, 
or  to  kill  the  stock  at  inland  works  and  rail  the  meat  to  the  port.  Argu¬ 
ments  can  be  used  in  favour  of  both  methods,  but  the  weight  of  opinion 
now  is  in  favour  of  killing  as  near  as  possible  to  where  the  stock  is  fattened. 
On  arrival  at  the  works  the  animal  is  driven  to  the  highest  floor  of  the 
building,  to  allow  of  everything  being  worked  by  gravitation,  and  there 
slaughtered  by  humane  and  expeditious  methods.  An  expert  butcher  can 
kill  and  dress  up  to  100  sheep  or  lambs  per  day,  the  payment  being  at  the 
rate  of  £1  10s.  per  100,  so  that  good  wages  are  earned.  Up  to  £8  and  £9 
per  week,  and  even  more,  are  earned  by  cattle-butchers. 

A  Government  Veterinarian  is  always  present  when  stock  is  killed,  and 
a  most  rigid  and  careful  inspection  is  made  of  all  animals,  and  any  showing 
the  slightest  signs  of  disease  are  either  wholly  or  partially  condemned. 
The  inspection  of  stock  killed  for  food  in  New  Zealand  is  the  most  thorough 
in  the  world. 

After  being  dressed  the  carcases  are  graded,  weighed  and  ticketed, 
then  conveyed  by  overhead  rail  into  the  chilling-room.  In  the  case  of 
mutton  and  lamb,  which  are  weighed  hot,  an  automatic  weighing-machine 
deducts  6  per  cent,  from  the  hot  weight  for  shrinkage.  Beef  is  weighed 
cold — i.e.,  after  it  comes  out  of  the  chilling-room — and  3  per  cent,  is  deducted 
for  loss  in  freezing,  as  it  is  estimated  that  3  per  cent,  of  weight  is  lost  in 
cooling  and  3  per  cent,  in  freezing.  From  the  cooling-room  the  meat  is  run 
(still  by  overhead  rail)  to  the  freezing-chambers,  where  it  remains  until 
frozen  thoroughly  hard,  generally  a  matter  of  twenty-four  to  forty-eight 
hours.  The  best  temperature  is  considered  to  be  15°  to  17°  F.  on  land  or 
sea  for  frozen  meat.  Then  the  carcases  are  bagged  (the  marks,  &c.,  on 
the  bags  corresponding  with  the  tickets  which  show  the  grade,  weight,  and 
quality,  and  shipper’s  mark)  and  stacked  in  a  store-room  (being  sorted  out 
according  to  marks)  to  await  shipment.  When  a  steamer  is  available  the 
meat  is  loaded  into  insulated  railway-vans  and  taken  direct  to  the  ship’s 
side,  and  thence  into  the  refrigerating-holds  of  the  vessel. 

Immediately  the  animal  is  killed  the  offal  is  dealt  with.  All  edible 
portions— such  as  hearts,  kidneys,  livers,  tongues,  and  tails — are  carefully 
washed,  then  frozen,  and  packed  in  boxes  for  shipment.  Blood,  heads, 
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shanks,  entrails,  &c.,  are  all  taken  away  in  trucks  to  another  building  and 
there  boiled  down,  the  fat  being  rendered  into  tallow  and  the  remainder 
dried,  ground  up,  and  converted  into  manure.  Horns,  hoofs,  sinews,  &c,, 
are  cleaned  and  packed  ready  for  export.  Other  parts  of  the  animal  are 
made  into  bungs,  casings,  runners,  &c.,  for  sausage-casings  and  suchlike, 
so  that  every  part  of  the  animal  is  made  use  of,  and  no  waste  allowed. 

The  skins  are  taken  off  carefully,  as  these  are  now  the  most  valuable 
part  of  the  animal.  Sheep  and  lamb  skins  are  conveyed  into  another 
building,  called  the  fellmongery,  and  after  being  washed  in  a  “  dolly  55  they 
are  painted  on  the  flesh  side  with  a  solution  of  sulphate  of  sodium  and  lime 
and  stacked  for  a  period  of  twelve  to  twenty-four  hours.  The  chemical 
action  of  this  solution  loosens  the  wool  from  the  skin,  and  it  is  easily  plucked 
off  by  hand.  The  wool  (called  “  slipe  ’’)  is  then  dried  and  packed  in  bales 
for  shipment  ;  the  skin  (now  called  “  pelt  ”)  is  washed,  skivered,  and 
finally  pickled  and  packed  in  casks  also  for  shipment. 

Before  the  war  the  average  value  of  the  skin  would  be  from  9d.  to  Is.  6d. 
per  pound  for  the  wool,  and  Is.  6d.  to  3s.  6d.  each  for  the  pelt.  Now,  as  a 
result  of  war  conditions,  very  much  higher  prices  are  realized.  The  cost 
of  working  skins  may  be  set  down  at  ljd.  per  pound  of  sliped  wool,  and 
the  cost  of  curing  pelts  at  about  3s.  per  dozen. 

Since  the  war  the  Imperial  Government  have  requisitioned  the  slipe 
wool,  paying  the  following  prices  delivered  into  port  stores  :  Lambs’  comb¬ 
ing,  Is.  4d.  to  2s.  Id.  per  pound  ;  sheeps’  combing,  Is.  3Jd.  to  2s.  per  pound; 
sheeps’  clothing,  Is.  2d.  to  Is.  lOd.  per  pound  ;  sheeps’  pelt  wool,  Is.  to  Is.  8d. 
per  pound.  Seconds  and  thirds  at  proportionally  lower  prices. 

Pelts  (owing  to  a  keen  demand  from  the  United  States  during  1917) 
sold  up  to  about  6s.  each  for  sheep  and  4s.  for  lambs  f.o.b.  These  are  the 
highest  prices  ever  realized  in  New  Zealand  for  pelts.  This  season  they 
are  somewhat  lower,  and  a  recent  Government  regulation  prohibits  the 
shipment  of  lambs’  pelts  anywhere  except  to  the  United  Kingdom. 

The  usual  grades  of  meat  for  export  and  the  present  prices  per  pound 
paid  by  the  Imperial  Supplies  Department  (f.o.b.)  are  : — 


d. 

1.  Prime  ox,  160-220  lb.  per  quarter  (equal  fores  and  hinds)  . .  . .  5 

2.  Prime  over  and  under  weights  (equal  fores  and  hinds)  .  .  . .  5 

3.  Prime  cow  and  heifer,  135-180  lb.  (equal  fores  and  hinds)  . .  . .  .  .  4f 

4.  Second-quality  ox,  all  weights  . .  .  .  . .  . .  . .  . .  4f 

5.  Second-quality  cow,  all  weights  . .  . .  .  .  . .  . .  .  .  4J 

6.  Bull  (frozen  in  quarters)  . .  . .  . .  . .  . .  .  .  4J 

7.  Bull  and  cow  boned  out  . .  .  .  .  .  . .  . .  ..54 

8.  Canners  . .  . .  . .  . .  . .  . .  . .  .... 

9.  Prime  wethers  and  maiden  ewes,  72  lb.  and  under  .  .  . .  . .  . .  5f 

10.  Prime  wethers  over  72  lb.  . .  .  .  .  .  . .  . .  54 

11.  Second-quality  wethers,  all  weights  ..  ..  ..  ..  54 

12.  Prime  ewes,  72  lb.  and  under  . .  .  .  .  .  . .  . .  .  .  4| 

13.  Prime  ewes,  over  72  lb.  . .  .  .  .  .  . .  .  .  . .  4f 

14.  Second-quality  ewes,  all  weights  .  .  .  .  .  .  .  .  4f 

15.  Super-lambs,  under  42  lb.  . .  .  .  .  .  .  .  . .  ..64 

16.  Prime  lambs,  under  42  lb.  . .  .  .  .  .  .  .  .  .  . .  6f 

17.  Prime  lambs,  over  42  lb.  . .  . .  .  .  .  .  .  .  . .  64 

18.  Second-quality  lambs,  all  weights  .  .  . .  . .  . .  64 


To  the  above  prices  the  value  of  the  hide  or  skin,  fat,  and  offal  must  be 
added,  and  the  cost  of  killing,  freezing,  bagging,  storage,  putting  f.o.b., 
insurance,  and  interest  deducted.  The  consolidated  charge  is  about  4d. 
per  pound,  but  this  varies  according  to  situation  of  works  and  class  of  stock. 

The  above  prices  are  fixed  during  the  war  and  for  a  period  of  three 
months  afterwards. 

Under  ordinary  circumstances  the  voyage  to  London  occupies  about 
forty-two  to  forty-four  days  (or  less  than  half  the  time  taken  in.  the  early 
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shipments).  The  magnificent  insulated  vessels  of  the  Shaw,  Savill,  and 
Albion  Company,  New  Zealand  Shipping  Company,  Federal  and  Shire 
Line,  Commonwealth  and  Dominion  Line,  are  all  engaged  in  carrying 
frozen  meat  (in  addition  to  other  cargo)  to  the  United  Kingdom.  Some  of 
these  steamers  run  up  ro  over  12,000  tons,  and  are  fitted  with  twin  screws, 
wireless  telegraphy,  and  all  the  latest  improvements  in  ship-building. 

The  customary  route  before  the  war  was  via  Cape  Horn,  with  stops 
at  Monte  Video  or  Rio  and  Las  Palmas.  The  Federal  and  Shire  Line  make 
Avonmouth,  Cardiff,  Liverpool,  and  Glasgow  the  ports  of  discharge,  and 
all  the  other  lines  make  London.  Wellington  to  Monte  Video  is  6,014 
nautical  miles  ;  Monte  Video  to  Tenerife,  4,258  miles  ;  Tenerife  to  London 
docks,  1,730  miles  :  or  a  total  of  12,272  miles.  The  distance  on  the  outward 
trip  via  Cape  Town  is  13,195  miles. 

So  regular  a  service,  free  from  accidents,  breakdown  of  machinery,  or 
damaged  cargo,  has  been  established  that  insurance  policies  covering  all 
risks  from  the  time  the  stock  enters  the  freezing-works,  during  voyage, 
and,  until  sixty  days  after  arrival  of  vessel  at  destination,  are  now  issued 
at  a  rate  of  only  about  £2  per  cent.  On  some  of  the  early  shipments  £7  7s. 
per  cent.,  and  even  more,  was  paid  for  voyage  alone.  Almost  invariably 
frozen-meat  cargoes  now  arrive  in  England  in  prime  condition,  and  the 
percentage  of  damage  is  reduced  to  a  minimum. 

Damage  to  frozen  meat  may  be  divided  into  three  classes— (1)  while 
in  the  freezing-works  or  during  transit  to  ship  ;  (2)  during  the  voyage  ; 
(3)  during  discharge  and  in  transit  to  cool  stores  or  in  marketing.  Under 
the  first  head,  losses  are  practically  unknown.  A  great  deal  of  the  insur¬ 
ance  on  meat  is  now  done  through  Lloyd’s  in  Britain,  but  the  local  New 
Zealand  companies  and  well-known  British  companies — such  as  the  Thames 
and  Mersey,  Commercial  Union,  Indemnity  Marine,  and  others— all  handle 
a  large  amount  of  frozen-meat  insurance.  Ninety  per  cent,  of  shipments 
are  insured  under  the  “  all  risks  ”  cover  mentioned  before,  the  balance 
either  under  an  F.P.A.  cover  at  about  25s.  per  cent.,  or  a  cover  against  total 
loss  of  vessel  only  at  7s.  6d.  per  cent.  Rarely  nowadays  are  claims  made 
on  account  of  breakdown  of  machinery,  as  all  vessels  engaged  in  the  trade 
have  their  refrigerating  machinery  in  duplicate.  The  most  usual  and 
serious  form  of  damage  during  voyage  is  from  ordinary  sea  perils,  such  as 
stranding,  collision,  &c.,  and  if  sea-water  gets  into  the  meat-holds  very 
heavy  claims  arise.  Bone-taint  is  confined  to  beef,  but  claims  from  this 
cause  are  now  very  rare. 

It  must  not  be  thought  that  New  Zealand’s  frozen-meat  trade  has  been 
one  of  sure  and  steady  development.  Probably  no  other  industry  of  its 
size  has  had  more  ups  and  downs.  In  1893  the  bottom  dropped  out  of  the 
market  for  lamb,  and  prices  came  down  to  3d.  per  pound  in  London ;  in 
the  following  year  mutton  had  a  slump,  2Jd.  per  pound  being  quoted  ; 
and  in  1897  another  serious  crisis  in  the.  trade  occurred.  In  fact,  the  whole 
decade  1890-1900  was  one  of  struggle  and  trial  in  the  frozen-meat  trade. 
Problems  came  up  for  settlement,  and  damaged  cargoes  were  a  most  serious 
question.  In  1895,  20  per  cent,  of  the  cargoes  from  New  Zealand  were  in 
a  more  or  less  damaged  condition.  As  an  example  of  the  ignorant  prejudice 
that  for  some  time  existed  against  frozen  meat,  the  Director  of  Contracts 
for  the  War  Office  in  1893  said,  “We  find  the  beef  suffers  from  freezing, 
and  the  soldiers  do  not  care  for  it.”  How  far  this  opinion  was  wide  of  the 
mark  is  exemplified  by  the  fact  that  the  whole  of  the  British  and  French 
armies  engaged  in  the  great  war  are  now  fed  on  frozen  meat,  and  the  men 
relish  it. 


(To  be  continued.) 
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ASTRONOMICAL  NOTES. 

It  is  intended  to  publish  in  this  column  notes  from  the  astronomical 
observatories  and  societies,  and  from  amateur  astronomers  of  New  Zea¬ 
land.  Contributions  to  this  column  are  therefore  invited,  and  should  be 
forwarded  to  the  Government  Astronomer,  Wellington. 

The  mean  time  used  in  these  notes  (unless  otherwise  stated)  is  civil 
mean  time  for  the  meridian  12  h.  east  of  Greenwich,  and  the  hours  are 
counted  from  0  to  24.  Oh.,  or  24 h.  =  midnight.  To  find  the  corresponding 
New  Zealand  civil  mean  time  subtract  30  minutes  ;  to  find  the  corre¬ 
sponding  Greenwich  mean  time  subtract  1  day. 

Phenomena,  1918. 


June. 


d. 

1 

h. 

1 

m. 

Mercury  at  greatest  heliocentric  latitude  south. 

1 

21 

32 

Uranus  in  conjunction  with  the  Moon 

Uranus 

5°  59'  S. 

2 

16 

20 

Moon,  last  quarter. 

3 

8 

Uranus  stationary. 

5 

19 

30 

Moon  in  perigee. 

6 

11 

18 

Venus  in  conjunction  with  the  Moon 

Venus 

6°  28'  S. 

7, 

23 

4 

Mercury  in  conjunction  with  the  Moon 

Mercury 

4°  34'  S. 

9 

.  10 

3 

New  Moon. 

9 

10 

7 

Sun  eclipsed.  Invisible  in  New  Zealand. 

9 

18 

43 

Jupiter  in  conjunction  with  the  Moon 

Jupiter 

0°  18'  S. 

13 

1 

59 

Neptune  in  conjunction  with  the  Moon 

Neptune 

3°  39' N. 

13 

14 

11 

Saturn  in  conjunction  with  the  Moon 

Saturn 

5° 11 ' N. 

15 

10 

Mars  in  conjunction  with  /3  Virginis  (mag.  -  =  3*8)  .  . 

Mars 

0°  8'S. 

16 

4 

Jupiter  in  conjunction  with  the  Sun. 

17 

1 

12 

Moon,  first  quarter. 

17 

11 

2 

Mars  in  conjunction  with  the  Moon 

Mars 

6°  17'  N. 

17 

20 

36 

Moon  in  apogee. 

19 

3 

Venus  at  greatest  heliocentric  latitude  south. 

20 

1 

Mercury  in  ascending  node. 

21 

7 

Mars  in  quadrature  with  the  Sun. 

22 

18 

0 

Sun  enters  sign  sd  Cancer.  Solstice. 

23 

9 

19 

Mercury  in  conjunction  with  Jupiter 

Mercury 

0°  52' N. 

24 

16 

Mercury  in  perihelion. 

24 

22 

28 

Moon  eclipsed.  Visible  in  New  Zealand. 

24 

22 

38 

Pull  Moon. 

27 

14 

Mercury  in  superior  conjunction  with  the  Sun. 

5°  59'  S. 

29 

2 

37 

Uranus  in  conjunction  with  the  Moon 

Uranus 

July. 

1 

11 

30 

Moon  in  perigee. 

1 

20 

43 

Moon,  last  quarter. 

4 

22 

Mercury,  greatest  heliocentric  latitude  north. 

5 

20 

Earth  in  aphelion. 

Venus 

3°  6'S. 

6 

1 

35 

Venus  in  conjunction  with  the  Moon 

7 

14 

15 

Jupiter  in  conjunction  with  the  Moon 

Jupiter 

•0°  19'  N. 

8 

20 

22 

New  Moon. 

10 

2 

19 

Mercury  in  conjunction  with  the  Moon 

Mercury 

5°  18'  N. 

10 

12 

25 

Neptune  in  conjunction  with  the  Moon  .  . 

Neptune 

3°  41'  N. 
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July — continued. 


d. 

h. 

m. 

11 

4 

50 

Saturn  in  conjunction  with  the  Moon 

Saturn 

5°  21 '  N. 

11 

15 

Mars  in  descending  node. 

* 

12 

3 

Mercury  in  conjunction  with  t j  Cancri  (mag.  =  5*5) 

Mercury 

0°  13'  N. 

12 

22 

9 

Mercury  in  conjunction  with  Neptune 

Mercury 

1°  55'  N. 

15 

15 

18 

Moon  in  apogee. 

15 

22 

16 

Mars  in  conjunction  with  the  Moon 

Mars 

5° 12' N. 

16 

18 

25 

Moon,  first  quarter. 

18 

5 

21 

Mercury  in  conjunction  with  Saturn 

Mercury 

03  26'  N. 

24 

5 

Sun  enters  sign  SI  Leo. 

24 

8 

35 

Full  Moon. 

26 

8 

23 

Uranus  in  conjunction  with  the  Moon 

Uranus 

5°  52'  S. 

27 

5 

Venus  in  conjunction  with  ??  Geminorum  (mag. 

=  3*2-4*2) 

Venus 

0°  2'  N. 

27 

14 

24 

Moon  in  perigee. 

27 

16 

Mercury  in  conjunction  with  a  Leonis 

Mercury 

0°  22'  S. 

27 

20 

53 

Venus  in  conjunction  with  Jupiter 

Venus 

0°  36'  S. 

28 

9 

Mercury  in  descending  node. 

31 

1 

14 

Moon,  last  quarter. 

31 

8 

Neptune  in  conjunction  with  the  Sun. 

August. 

4 

7 

52 

Jupiter  in  conjunction  with  the  Moon  .  . 

Jupiter 

0°  57'  N. 

4 

23 

0 

Venus  in  conjunction  with  the  Moon 

Venus 

1°  27'  N. 

5 

22 

Mercury  in  conjunction  with  37  Sextantis  (mag. 

=  6-3)  .  . 

Mercury 

0°  10' s. 

6 

2 

Mercury  at  greatest  elongation 

27°  2U  E. 

6 

21 

59 

Neptune  in  conjunction  with  the  Moon 

Neptune 

3°  44'  N. 

7 

8 

30 

New  Moon. 

7 

15 

Mercury  in  aphelion. 

7 

19 

25 

Saturn  in  conjunction  with  the  Moon 

Saturn 

5°  33'  N- 

8 

19 

Venus  in  conjunction  with  5  Geminorum  (mag.  =  3*5) 

Venus 

0°  5'S. 

9 

19 

46 

Mercury  in  conjunction  with  the  Moon 

Mercury 

3°  2'N. 

12 

2 

Saturn  in  conjunction  with  the  Sun. 

12 

9 

Moon  in  apogee. 

13 

14 

2 

Mars  in  conjunction  with  the  Moon 

.Mars 

3°  42'  N. 

14 

10 

Venus  in  ascending  node. 

15 

11 

16 

Moon,  first  quarter. 

19 

4 

Mercury  stationary. 

20 

1 

Uranus  in  opposition  to  the  Sun. 

22 

15 

54 

Uranus  in  conjunction  with  the  Moon 

Uranus 

5°  47'  S. 

22 

17 

2 

Full  Moon. 

24 

10 

Moon  in  perigee. 

24 

12 

Sun  enters  sign  n k  Virgo. 

25 

10 

36 

Venus  in  conjunction  with  Neptune 

Venus 

0°  38'  N. 

28 

0 

Mercury  greatest  heliocentric  latitude  south. 

29 

7 

27 

Moon,  last  quarter. 

31 

23 

11 

Jupiter  in  conjunction  with  the  Moon 

Jupiter 

1°  37'  N. 

Diagrams  op  the  Sun  and  Planets. 

The  two  diagrams  (figs.  1  and  2)  show  the  right  ascensions  and 
the  declinations  of  the  Sun  and  planets.  They  were  prepared  by 
Mr.  A.  C.  Gifford,  M.A.,  F.R.A.S.,  and  their  use  is  explained  by  him  as 
follows 

A  glance  at  the  accompanying  diagrams  will  give  the  position  of  the 
planets  in  the  sky  at  any  time  throughout  the  year.  Follow  upwards  the 
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vertical  line  through  the  date  until  it  meets  the  graph  of  a  planet’s  motion. 
If  the  point  of  intersection  is  above  the  Sun’s  line  the  planet  will  be  visible 
in  the  evening  sky.  If  it  is  near  one  of  the  dotted  lines  AB  or  GB  the 
planet  is  nearly  in  opposition,  and  will  rise  about  sunset  and  remain  visible 
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all  night.  If  it  is  near  the  line  CD  the  planet  will  be  near  the  meridian 
at  sunset  and  will  set  at  midnight ;  but  if  it  is  near  the  line  EF  it  will  be 
seen  only  from  midnight  till  dawn. 

The  point  where  any  two  graphs  meet  indicates  a  time  when  the  two 
bodies  are  in  conjunction.  For  example,  by  following  the  graph  of  Venus 
we  see  that  she  is  in  conjunction  with  Uranus  about  January  1,  February  1, 
and  April  2  ;  with  the  Sun  on  February  9  and  November  23  ;  with  Mercury 
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about  February  18,  September  14,  September  24,  and  December  15  ;  with 
Jupiter  on  July  26  ;  with  Neptune  on  August  24  ;  and  with  Saturn  on 
September  4. 


The  graph  of  declinations  will  show  whether  any  particular  conjunction 
is  a  close  one. 

The  intersections  of  the  graphs  with  the  dotted  lines  show  the  times  of 
quadrature  and  opposition  for  the  several  planets. 

It  will  be  noticed  that.  Mars  alone  is  not  in  conjunction  with  the  Sun 
or  any  planet  this  year. 
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DEPARTMENTAL  REPORTS. 

Notes  on  the  Geology  of  the  Cheviot  District. 

By  J.  Henderson,  D.Sc-.,  Mining  Geologist,  Geological  Survey  Department. 

Introduction. 

In  May,  1917,  the  writer  spent  a  few  days  in  the  Cheviot  district,  and 
hurriedly  examined  the  section  exposed  near  the  mouth  of  Jed  Stream 
and  thence  southward  along  the  coast  to  Port  Robinson.  The  following 
is  a  list  of  publications  that  deal  with  this  district : — 

1871.  Sir  J.  von  Haast,  On  the  Geology  of  the  Amuri  District,  in 
the  Provinces  of  Nelson  and  Marlborough,  Rep.  Geol.  Explor. 
during  1870-71,  No.  6,  pp.  40-44. 

1877.  F.  W.  Hutton,  Report  on  the  Geology  of  the  North-east  Portion 
of  the  South  Island  from  Cook  Strait  to  the  Rakaia,  Rep.  Geol. 
Explor.  during  1873-74,  No.  8,  pp.  38,  47,  48,  55. 

1883.  A.  McKay,  On  a  Deposit  of  Moa-bones  near  Motunau,  North 
Canterbury,  Rep.  Geol.  Explor.  during  1882,  No.  15,  pp.  78,  79. 

1902.  A.  McKay,  Report  on  the  Recent  Seismic  Disturbances  within 
Cheviot  County,  Northern  Canterbury,  and  the  Amuri  District 
of  Nelson,  New  Zealand. 

General  Geology. 

The  oldest  rocks  of  the  district  are  the  greywackes  and  argillites  that 
form  the  highest  points  of  the  Cheviot  Hills,  Mounts  Caverhill  (1,320  ft.) 
and  Maccoinnich  (1,099  ft.).  The  main  area  of  these  beds,  which  litho¬ 
logically  closely  resemble  those  that  form  the  chief  part  of  the  Southern 
Alps,  is  bounded  on  the  south  by  the  valley  of  Jed  Stream.  The  rocks, 
however,  again  appear  from  beneath  the  concealing  strata  at  Port  Robinson 
in  the  form  of  a  fault  breccia  containing  large  angular  boulders  of  greywacke, 
of  all  sizes  up  to  12  ft.  across,  set  in  a  scanty  matrix  of  soft  dark  pug. 
Many  of  the  boulders  are  shattered,  and  others  have  polished  slickensided 
faces.  The  breccia  extends  along  the  shore  southwards  as  far  as  the  old 
slip.  Beyond  this  point  it  is  overlain  by  soft  horizontally  bedded  sand¬ 
stones.  Toward  the  headland  on  the  south  side  of  Port  Robinson  these 
sandstones  form  steep  grassy  slopes,  the  shore  itself  being  protected  against 
the  waves  by  greywacke  boulders.  But  whether  these  latter  have  been 
derived  from  the  rock  in  situ,  either  solid  or  breccia,  or  whether  they  have 
been  transported  by  the  waves  from  Port  Robinson,  the  exploration  under¬ 
taken  was  insufficient  to  determine. 

Immediately  north  of  the  breccia  just  described,  soft  sandy  claystones 
are  exposed  for  a  few  chains  along  the  shore.  These  beds,  which  are  dark- 
coloured,  are  covered  with  a  yellowish  efflorescence,  and  some  layers  contain 
numerous  nearly  spherical  concretions  up  to  2  ft.  in  diameter.  The  beds 
dip  gently  northward ;  but  the  whole  exposure,  which  is  not  more  than 
10  chains  in  length,  lies  between  two  powerful  faults,  so  that  it  is  impos¬ 
sible  from  this  section  to  determine  the  relative  position  of  these  rocks 
on  stratigraphical  grounds.  According  to  von  Haast,  they  form  part  of 
the  series  which  closes  with  the  Amuri  limestone,  and  which  he  states 
outcrops  north  of  Jed  Stream. 


172  The  N.Z.  Journal  of  Science  and  Technology.  [May 

An  excellent  section  is  exposed  on  the  south  side  of  Jed  Stream  for  a 
distance  of  40  chains,  from  a  point  on  the  road  along  the  valley  half  a 
mile  from  the  shore.  Here  the  lowest  beds  consist  of  bluish  sandstones, 
occasionally  current-bedded,  and  at  least  100  ft.  thick.  These  are  followed 
by  glauconitic  sandstones  containing  thin  bands  of  mudstone  and  bluish 
sandstone.  These  beds,  which  are  about  50  ft.  in  thickness,  grade  upward 
into  calcareous  claystones,  which  contain  lenses  of  limestone  and  calcareous 
sandstone  np  to  20  ft.  thick.  On  top  of  this  is  a  white  earthy- 
looking  limestone  30  ft.  thick,  and  similar  to  Amuri  limestone.  This 
limestone  resists  weathering  better  than  the  other  beds  of  the  series  to 
which  it  belongs,  and  it  forms  a  prominent  rocky  ridge  high  on  the  northern 
spur  of  Mount  Maccoinnich,  a  mile  and  a  half  due  east  of  Cheviot  Township. 
The  bed  of  limestone  forming  this  ridge  may  be  followed  northward  to 
Woolshed  Creek,  and  southward  to  Jed  Stream,  which  it  crosses  about  a 
mile  south-east  of  Cheviot.  From  this  point  it.  forms  the  western  side  of 
the  valley  for  more  than  a  mile.  Two  other  small  occurrences  may  be 
mentioned — one  on  the  coast  road  about  5  chains  north  of  the  bridge  across 
Buxton  Creek,  and  the  other  a  few  chains  south  of  the  bluff  between  Gore 
Bay  and  Port  Bobinson. 

These  beds  form  part  of  the  Weka  Pass  series  of  Haast’s  report.  The 
bluish-grey  sandstones  in  the  lower  part  of  the  Jed  Stream  section  contain 
occasional  and  fragile  fossils.  Only  one,  a  living  species  ( Malletia  australis ), 
was  collected  upon  this  occasion,  but  doubtless  others  sufficient  to  establish 
the  age  of  these  beds  could  be  obtained. 

Overlying  the  limestone  that  forms  the  highest  known  rock  of  the 
series  described  above  are  arenaceous  mudstones,  which  at  Gore  Bay  are 
at  least  300  ft.  thick.  Massive  layers  of  these  rocks,  having  a  total  thick¬ 
ness  of  about  150  ft.,  form  the  upper  portion  of  the  section  exposed  near 
the  mouth  of  Jed  Stream.  Similar  beds  occur  over  a  large  area  in  the 
Cheviot  district,  where  they  apparently  form  the  greater  part  of  the  low 
downs  between  Jed  Stream  and  the  railway. 

The  arenaceous  mudstones  are  bluish  grey  in  colour,  and  generally  con¬ 
tain  a  small  amount  of  calcareous  material.  Thin  bands  of  a  more  sandy 
nature  occur  throughout ;  and  these,  towards  the  base  of  the  group,  become 
coarser  and  more  calcareous,  and  contain  numerous  angular  and  subangular 
fragments  of  limestone,  some  of  which  are  phosphatized.  The  basal  layer 
consists  of  glauconitic  sandstone  containing  scattered  subangular  pebbles 
of  phosphatized  limestone.  At  the  contact  with  the  underlying  rock  these 
form  a  conglomerate  layer  a  few  inches  thick.  This  contact  was  observed 
in  two  localities — namely,  near  the  mouth  of  Jed  Stream  and  at  Port 
Bobinson.  The  underlying  rock  at  both  places  is  the  limestone  at  the 
top  of  the  older  Tertiary  beds,  and  the  bedding-planes  of  one  series  are 
parallel  to  those  of  the  other.  Notwithstanding  this  fact,  there  can  be 
no  doubt  that  the  underlying  limestone  was  raised  above  the  surface  of 
the  sea  and  more  or  less  denuded  before  the  deposition  of  the  glauconitic 
sandstone.  Thus  the  limestone  contains  numerous  crevices  which  are 
filled  with  glauconitic  sandstone,  and  which  extend  irregularly  downward 
from  its  upper  surface  for  a  distance  of  about  6  ft.  Irregular  nests  and 
streaks  of  glauconitic  sandstone  up  to  2  in.  thick  and  2  ft.  long,  and  parallel 
with  the  bedding-planes,  occur  in  the  upper  2  ft.  of  limestone.  The  upper 
6  in.  is  riddled  with  small  tubular  worm-borings,  also  filled  with  sand.  In 
addition  to  these  peculiarities  in  the  limestone,  the  presence  of  water- worn 
pebbles  of  phosphatized  limestone  in  the  glauconitic  sandstone  as  much 
as  4  ft.  above  the  limestone  strongly  suggests  unconformity.  These  when 
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examined  under  the  microscope  and  compared  with  sections  from  the 
underlying  rock  are  seen  to  consist  of  foraminiferal  limestone  essentially 
similar.  Again,  the  coarse  sandstone  bands  exposed  at  the  foot  of  the 
bluff  separating  Gore  Bay  from  Port  Robinson,  and  occurring  at  least 
50  ft.  above  the  base  of  the  series,  contain  fragments  of  a  limestone  which 
cannot  be  distinguished  from  that  forming  part  of  the  older  Tertiary  beds 
of  the  neighbourhood. 

The  beds  just  described  are  the  Scalaria  beds  of  von  Haast,*  who 
correlated  them  with  the  similar  rocks  occurring  at  Amuri  Bluff,  Kaikoura 
Peninsula,  and  Waipara,  and  usually  known  as  the  grey  marls.  Huttonf 
classed  them  with  the  Awatere  beds  of  his  Pareora  formation.  The  rocks 
contain  few  fossils,  and  these  occur  chiefly  in  the  coarser  sandy  and  pebbly 
beds  near  the  base  of  the  formation.  The  two  collected  by  the  writer  from 
these  beds  at  the  bluff  north  of  Port  Robinson  were  identified  by  Mr.  H.  Suter 
as  Epitonium  lyratum  and  Rapana  cf.  waihaoensis.  In  addition  a  tooth  of 
Carcharodon  and  a  fragment  of  a  tooth  of  Lanina,  as  well  as  fragments  of 
bone,  were  found  in  the  conglomerate  of  phosphatized  limestone. 

Overlying  the  series  last  described  are  thick  layers  of  well-consolidated 
conglomerate,  in  which  the  individual  pebbles,  rarely  more  than  3  in.  in 
diameter,  consist  of  completely  smoothed  greywacke  together  with  a  few 
rounded  fragments  of  quartz.  The  matrix  is  generally  a  coarse  sand,  and 
in  places  this  material  forms  thin  lenses  in  the  conglomerate.  These  beds 
form  cliffs,  from  100  ft.  to  150  ft.  in  height,  that  back  the  sand-dunes  at 
Gore  Bay  for  more  than  a  mile.  In  places  the  matrix,  especially  near  the 
base  of  the  series,  is  decidedly  calcareous;  and  where  this  is  the  case  the 
pebbles  decrease  in  size  and  number,  and  the  rock  passes  into  a  pebbly 
limestone.  Such  a  rock  forms  a  line  of  stony  outcrops  that  extend  for 
over  a  mile  near  the  road  from  the  Hurunui  flats  to  Gore  Bay.  Other 
localities  where  this  phase  of  the  beds  occurs  are  at  the  top  of  the  section 
described  near  the  mouth  of  Jed  Stream,  and  again  at  Sub-Trig.  D,  half 
a  mile  north-east  of  Cheviot  Post-office,  from  which  point  similar  rocks 
form  a  low  ridge  extending  westward  for  at  least  a  mile. 

Immediately  south  of  the  old  slip  at  Port  Robinson  soft  horizontally 
bedded  sandstone  forms  a  bare  cliff  100  ft.  high.  Towards  the  base  is  a 
band  of  conglomerate  6  ft.  thick,  containing  fragments  of  greywacke,  lime¬ 
stone,  and  argillaceous  sandstone,  as  well  as  spherical  concretions.  The 
sandstone,  which  is  bluish-grey  in  colour,  contains  numerous  fossils,  among 
which  a  small  Turritella  is  most  common.  This  rock  forms  the  cape  south 
of  Port  Robinson,  and  in  the  road-cutting  is  seen  to  be  interbedded  with 
bands  of  well-rounded  pebbles. 

The  exact  position  of  these  beds  in  relation  to  the  conglomerate 
occurring  at  Gore  Bay  was  not  determined,  but  the  writer  considers  them 
a  phase  of  the  latter  rock.  The  conglomerate  and  pebbly  limestone  are 
undoubtedly  beach  deposits,  and  the  fossiliferous  sandstone  was  probably 
deposited  in  deeper  water.  At  Gore  Bay,  10  chains  south  of  the  point 
where  the  road  to  the  Hurunui  flats  leaves  the  beach,  an  unconformable 
contact  between  the  conglomerates  and  the  underlying  grey  sandstones  is 
to  be  seen  in  the  face  of  the  cliff.  The  bedding-planes  of  the  two  series 
are  approximately  parallel,  but  the  actual  contact  is  decidedly  irregular. 
Von  Haast  regarded  the  conglomerates  as  the  gravels  of  an  ancient  river 
which  were  unconformably  deposited  both  on  the  Scalaria  beds  and  on 
the  Turritella  beds,J  by  which  name  he  designated  the  soft  sandstones 
outcropping  south  of  the  slip  at  Port  Robinson. 


*  Op.  cit.,  p.  43. 


y  Op.  cit.,  pp.  47,  48. 


t  Op  cit.,  p.  44. 
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A  raised  beach,  80  ft.  to  90  ft.  above  sea-level,  occurs  both  north  and 
south  of  the  mouth  of  Jed  Stream.  A  higher  beach  may  be  traced  from 
Gore  Bay  southward  to  the  headland  south  of  Port  Robinson,  where  it 
varies  from  220  ft.  to  250  ft.  above  sea-level.  From  Gore  Bay  northward 
to  the  mouth  of  Jed  Stream  a  raised  beach,  10  ft.  to  15  ft.  above  sea-level, 
occurs,  and  in  its  southern  portion  this  is  backed  by  sand-dunes  which 
attain  a  height  of  100  ft.  Similar  raised  beaches  to  those  just  mentioned 
occur  at  Amuri  Bluff  and  elsewhere  on  the  Marlborough  coast.* 

Wide-stretching  terraces  from  80  ft.  to  120  ft.  above  the  stream-bed 
occur  north  of  the  Hurunui  River  to  the  eastward  of  Domett,  and  terraces 
which  must  be  several  hundred  feet  higher  are  a  prominent  feature  on 
the  opposite  side  of  the  valley.  Jed  Stream  drains  the  extensive  flat  at 
the  eastern  end  of  which  the  township  of  Cheviot  is  situated,  by  means  of 
a  comparatively  narrow  valley  five  miles  in  length.  This  flat,  which  is 
entirely  surrounded  by  low  hills  or  rolling  downs,  is  from  200  ft.  to  250  ft. 
above  sea-level.  The  debris  covering  it,  together  with  the  gravels  and 
sands  forming  the  terraces  and  flood-plains  of  the  Hurunui  and  other 
streams,  and  those  occurring  along  the  sea-front,  constitute  the  Pleistocene 
and  Recent  deposits  of  the  district. 


Economic  Geology. 


Pebbles  of  phosphatized  limestone  from  the  conglomerate  band  over- 
lying  the  limestone  that  outcrops  on  the  roadside  a  few  chains  north  of 
the  bridge  over  Buxton  Creek  were  collected  for  analysis.  A  sample 
representing  6  in.  of  limestone,  2  in.  phosphatized  pebbles,  and  30  in.  of 
the  overlying  glauconitic  calcareous  sandstone  was  also  taken  from  the 
same  place.  On  analysis  these  were  found  to  contain — 


Insoluble  in  acid 
Calcium  carbonate  . . 
Phosphoric  anhydride 


Pebbles.  General  Sample. 

5-73  24-85  ' 

45-40  52-04 

16-36  3-76 


On  the  old  road  round  the  cliffs,  10  chains  south  of  the  bluff  separating 
Gore  Bay  and  Port  Robinson,  limestone  overlain  by  a  conglomerate  6  in. 
thick,  of  which  the  pebbles  are  of  phosphatized  limestone,  appears  for  a 
few  feet.  This  exposure  is  bounded  on  the  north  by  a  fault,  and  on  the 
south  by  debris  from  the  cliff.  Yon  Haastf  mentions  the  occurrence  of 
a  “  peculiar  greensand  conglomerate  about  3  ft.  thick  ”  resting  on  the 
oldest  rocks  of  the  district  on  the  northern  bank  of  Jed  Stream.  The 
deposit,  he  states,  appears  again  at  the  southern  end  of  the  coastal  section. 
This  conglomerate  probably  consists  of  pebbles  of  phosphatized  limestone. 
On  this  occasion  the  bed  of  Jed  Stream  was  not  examined.  Near  Port 
Robinson,  where  the  other  occurrence  is  stated  to  be,  the  whole  hillside 
is  moving  seaward,  and  the  contact  between  the  breccia  of  greywacke 
boulders  and  the  younger  rocks  was  not  observed. 

Attention  may  be  drawn  to  the  similar  occurrences  of  phosphatized 
conglomerate  north  of  the  Cheviot  district  at  Kaikoura  and  Amuri  Bluff. { 
In  these  localities,  however,  the  phosphatic  layers  are  not  necessarily  of  the 
same  age  as  those  here  described. 


*  P.  G.  Morgan,  Notes  of  a  Visit  to  Marlborough  and  North  Canterbury,  10th 
Ann.  Rep.  N.Z.  Geol.  Survey,  Parliamentary  Paper  C.-2b,  1916,  p.  24. 
f  Op.  cit.,  pp.  41,  42. 
j  P.  G.  Morgan,  op.  cit.,  pp.  22,  23,  25. 
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Marble  in  Riwaka  -  Takaka  District. 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  Geological  Survey  Department. 

I  was  in  the  Motueka  district  from  the  5th  to  the  7th  July  inclusive,  and 
visited,  in  company  with  Messrs.  0.  C.  Wilkinson  and  Drummond,  an 
exposure  of  dark  marble  near  the  head  of  Flat  Creek,  and,  with  Messrs. 
Manoy,  McKee,  and  Yass,  the  Nelson  Marble  Company’s  quarry  at  Ngarua 
and  its  proposed  quarries  near  Riwaka  and  in  the  Takaka  Valley. 

Flat  Creek  enters  the  Riwaka  River  from  the  north-westward  at  a 
distance  of  about  six  miles  from  the  junction  of  the  road  up  the  Riwaka 
Valley  and  that  across  Pikikiruna  Range  to  Takaka.  It  rises  in  a  wide 
mature  valley  which  extends  in  a  north-easterly  direction  for  at  least  two 
miles,  in  which  distance  its  floor  drops  from  2,300  ft.  to  1,850  ft.  above 
sea-level.  The  outlet  of  this  upland  basin  is  through  a  steep  gorge,  and  in 
a  mile  and  a  half  the  stream-bed  falls  1,200  ft.  The  valley  upward  from  the 
junction  with  the  river  is,  for  half  a  mile,  in  hornfelsic  greywacke.  Beyond 
this,  marble  forms  the  hills  on  both  sides,  and  the  stream  disappears  within 
half  a  mile  at  a  height  of  1,170  ft.  above  sea-level.  Evidently  the  whole 
of  the  upland  basin  is  in  calcareous  rocks,  for,  from  the  appearance  of 
the  stream-bed,  water  flows  there  only  in  times  of  flood.  In  the  gorge 
of  the  stream  the  marble  is  light-coloured,  coarse  to  medium  in  grain,  and 
massive.  A  continuation  of  the  same  layers  forms  the  high  white-marble 
bluff  appearing  a  little  to  the  southward,  where  the  Riwaka  breaks 
from  a  rock-bound  gorge.  In  the  upland  valley  a  small  branch  from 
the  westward  leads  to  an  elongated  depression  about  80  ft.  in  length. 
The  southern  side  of  this  cleft  is  formed  by  an  overhanging  marble  cliff 
about  40  ft.  in  height.  The  rock  is  relatively  thin-bedded,  and  free  from 
pronounced  joints.  The  strike  of  the  layers  is  a  little  south  of  east,  and 
the  dip  southerly  at  about  25°.  The  marble  shades  upward  from  grey  to 
dark  grey,  and  some  of  the  layers  approach  nearly  to  black.  As  far  as 
can  be  seen,  small  white  veins  of  calcite  are  everywhere  numerous.  Along 
the  base  the  cliff  is  slightly  undercut ;  and  here  the  rock  presents  a  smooth 
polished  surface,  in  distinct  contrast  with  the  rough  uneven  surface  above. 
This  condition  is  apparently  due  to  the  presence  of  a  transparent  film  of 
calcite.  The  outcrop  is  at  a  height  of  over  2,500  ft.  above  sea-level,  and 
close  to  the  watershed  between  the  Riwaka  and  Takaka  river-systems. 

The  Nelson  Marble  Company  has  opened  a  quarry  on  the  top  of  the 
Pikikiruna  Range  at  Ngarua,  close  to  Kairuru,  where  the  marble  for  the 
new  Parliamentary  Buildings  is  being  obtained.  A  branch  road  half  a  mile 
in  length  leads  northward  to  this  quarry  from  a  point  on  the  main  Motueka- 
Takaka  Road  eight  miles  from  the  Riwaka  Bridge.  The  marble  here  is 
medium-  to  coarse-grained,  and  varies  in  colour  from  white  to  dark  grey. 
Many  large  blocks  at  least  5  ft.  cube  occur  on  the  surface  as  the  result 
of  weathering,  and  it  may  therefore  be  inferred  that  the  marble  beneath  is 
massive  and  contains  few  and  widely  spaced  joint-planes.  The  strike  of 
the  rock  is  a  few  degrees  east  of  north,  and  the  dip  eastward  at  about  70°. 
An  enormous  amount  of  first-class  building-stone  exists  in  this  locality. 

On  the  south  side  of  the  Riwaka  River,  a  few  chains  from  the  stream 
and  about  a  mile  west  of  the  bridge  on  the  main  road,  the  Nelson  Marble 
Company  was,  at  the  time  of  my  visit,  stripping  the  face  of  one  of  the  hills 
rising  about  500  ft.  above  the  flood-plain.  The  marble  was  medium-grained, 
and  would  form  a  building-stone  of  pleasing  appearance,  but  the  exposure 
was  insufficient  to  allow  of  an  opinion  being  formed  as  to  the  size  of  blocks 
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likely  to  be  obtained.  Some  years  ago  burnt  lime  was  produced  from  this 
belt  of  marble,  the  kiln  being  situated  on  the  northern  side  of  the  Riwaka. 
Apparently  the  belt  in  this  locality  is  about  half  a  mile  in  width. 

Dark-coloured  marble  outcrops  for  over  a  mile  along  the  main  Takaka 
Valley  Road  about  ten  miles  from  the  Takaka  Wharf.  Many  shades  of 
grey  are  represented,  as  well  as  stone  beautifully  veined  with  white,  but 
marble  of  a  dead-black  colour  was  not  seen.  The  rock  is  fine-grained,  and 
a  little  pyrite  seems  usually  to  be  present.  Blocks  of  the  same  size  as 
those  at  the  Ngarua  Quarry  cannot  be  obtained,  but  the  jointing  is  of  such 
a  nature  that  when  a  face  has  been  opened  blocks  up  to  3  ft.  cube  will 
probably  be  readily  quarried. 

I  had  an  opportunity  of  seeing  the  cutting  and  polishing  plant  of  the 
Nelson  Marble  Company.  This  is  situated  close  to  the  Motueka  Wharf, 
and  comprises  a  breaking-down  saw,  carborundum  smoothing-wheels,  and 
pneumatic  chisels.  A  suction-gas  plant  is  in  course  of  erection  to  supersede 
the  steam-engine  supplying  power  to  a  small  air-compressor  and  the  other 
machinery. 

Geology. 

The  valley  of  the  Riwaka  and  the  mountains  to  the  northward  have  been 
examined  by  several  geologists,  and  a  list  of  the  published  reports  is  given  on 
page  86  of  the  Ninth  Annual  Report  of  the  New  Zealand  Geological  Survey, 
1915.  The  headwaters  of  the  Riwaka  are  cut  through  the  great  belt  of 
marble  that  stretches  from  the  neighbourhood  of  Mount  Arthur  northward 
to  Golden  Bay.  The  lower  valley  has  been  excavated  from  a  complex  of 
rocks  of  which  the  sedimentary  members  range  from  quartzite,  which  may 
be  micaceous,  to  greywacke  and  argillite,  altered  to  hornfels  and  in  places 
decidedly  schistose.  The  igneous  rocks  present  are  a  siliceous  variety  of 
granite  and  gabbro  ;  while  a  hornblende  schist  or  gneiss,  which  is  perhaps 
the  gabbro  metamorphosed  by  earth-movements,  is  also  mentioned  by 
several  writers.  Before  the  Riwaka  leaves  the  hills  the  valley  is  crossed 
by  a  band  of  marble  about  30  chains  in  width,  which  in  the  valley  of  Holy- 
oake  Creek  is  said  to  swing  westward  and  connect  with  the  main  zone  of 
marble. 

A  sample  of  marble  taken  from  the  waste  rock  produced  in  cutting 
building-blocks  for  Parliament  House  from  the  rough  stone  obtained  from 
the  Kairuru  Quarry,  Pikikiruna  Range,  was  found  by  Dr.  J.  S.  Maclaurin 
to  have  the  following  composition : — 


Silica  (Si02) 

0-82 

Alumina  and  iron  oxides  (A1203,  Fe203,  FeO) 

0-11 

Lime  (CaO)*  .  .  .  . 

. .  55-16 

Magnesia  (MgO) 

0-47 

Potash  (K20) 

Nil 

Soda  (Na20) 

Nil 

Water  at  100°  C. 

0-08 

Phosphoric  anhydride  (P205) 

0-04 

Carbonic  anhydride  (C02) 

.  .  43-34 

Combined  water  and  organic  matter 

Nil 

100-02 

^Equivalent  to  CaC03 

. .  98-50 

The  gabbro  is  everywhere  deeply  weathered.  The  sample  collected 
was  taken  from  a  huge  boulder  that  had  to  be  removed  from  the  road  by 
blasting  at  a  point  about  two  miles  up  the  south  branch  of  the  Riwaka. 
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Under  the  microscope  the  rock  is  seen  to  be  a  norite  containing  stout 
prisms  of  strongly  schillerized  hypersthene,  with  which  are  often  intergrown 
irregular  crystals  of  greenish-brown  hornblende  also  strongly  schilledzed. 
The  other  main  constituent  is  feldspar,  labradorite  or  even  a  more  basic 
variety,  showing  broad  banding  between  crossed  nicols  and  moulded  on  the 
hypersthene.  Other  constituents  are  brown  mica  and  iron-ores,  while  stout 
prisms  of  apatite  are  not  uncommon. 

The  chemical  composition  of  this  rock,  determined  by  Dr.  Maclaurin, 


is  as  follows  : — 

Silica  (Si02)  . .  . .  . .  . .  . .  50*54 

Alumina  (A1203)  ..  ..  ..  ..  15*99 

Ferric  oxide  (Fe203)  . .  .  .  .  .  . .  3*56 

Ferrous  oxide  (Feo)  . .  . .  . .  .  .  7*81 

Titanium  dioxide  (Ti02)  .  .  .  .  . .  .  .  1*03 

Lime  (CaO)  . .  . .  .  .  .  .  .  .  10*14 

Magnesia  (MgO)  .  .  .  .  . .  .  .  6*69 

Soda  (Na20)  ..  ..  ..  ..  ..  2*55 

Potash  (K20)  ..  ..  ..  ..  ..  1*27 

Moisture  lost  at  100°  C.  .  .  .  .  . .  .  .  0*09 

Water  and  organic  matter  .  .  .  .  . .  0*59 


100*26 


A  Report  on  a  Coal-dust  Explosion  at  Ironbridge  Colliery, 

Denniston. 

By  Frank  Feed,  M.I.M.M.,  Inspecting  Engineer  of  Mines. 

On  the  23rd  May,  1917,  at  11.20  a.m.,  a  coal-dust  explosion,  fortu¬ 
nately  unattended  by  loss  of  life,  occurred  in  the  Deep  Creek  section  of 
the  Ironbridge  Colliery,  the  property  of  the  Westport  Coal  Company 
(Limited). 

The  Deep  Creek  section  consists  of  a  remnant  of  erosion  containing 
about  10  acres  of  bituminous  coal  at  an  altitude  exceeding  2,000  ft.  above 
sea-level.  The  coal-seam  is  14  ft.  thick.  The  method  of  working  is  bord 
and  pillar,  the  bords  not  exceeding  18  ft.  in  width,  with  an  average  height 
of  about  9  ft.  ;  the  dimensions  of  the  pillars  are  variable.  The  workings 
are  lighted  by  naked  lights,  no  inflammable  gas  having  been  seen  in  this 
colliery,  the  numerous  outcrops  and  proximity  to  the  surface  having  assisted 
in  the  liberation  of  occluded  gas.  Gunpowder  was  used  for  blasting. 

From  the  signed  evidence  of  the  colliery  officials  and  some  of  the  wit¬ 
nesses  of  the  explosion,  courteously  supplied  to  the  writer  by  Mr.  Alexander 
Marshall,  local  manager  for  the  company,  and  formerly  Government 
Inspector  of  Mines  for  the  district,  the  following  account  of  the  explosion 
has  been  prepared  :■ — 

A  bord  was  being  driven  eastward  at  the  point  marked  A  on  the  plan, 
towards  a  place  driven  to  split  the  pillar.  Between  the  face  of  the  bord 
and  the  side  of  the  split  there  was  only  about  4  ft.  6  in.  of  solid  coal.  In 
the  bord  two  miners  were  working,  D.  Crawford  and  E.  Coppersmith  ; 
in  the  split  no  person  was  employed.  Crawford  drilled  a  shot-hole  about 
3  ft.  6  in.  in  length  in  a  south-east  direction  at  the  face  of  the  bord  towards 
the  split,  inserted  three  plugs  (1  lb.)  of  compressed  gunpowder  in  the  hole, 
and  tamped  the  same  with  clay  under  the  supervision  of  M.  Connelly, 
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deputy.  None  of  these  men  knew  that  there  was  only  about  1  ft.  of  solid 
coal  between  the  charge  and  open  place  ahead  of  it.  The  shot  was  fired, 
and  did  not  do  its  work,  but  blew  through  into  that  place  ;  it  made  a 
report  “  like  a  cannon  ”  ;  “  the  flame  came  as  a  ball  of  fire  ”  ;  “  the  place 
was  completely  full  of  flame  ”  ;  “  the  flame  was  steady  ”  ;  the  light  from 
it  was  sufficient  to  enable  the  three  men  to  retreat  down  the  jig  from  the 
point  B  on  the  southern  margin  of  the  zone  of  explosion,  where  they  had 
sheltered  unhurt,  although  the  shirt  worn  by  Coppersmith  was  burned. 
Upon  inspection  of  the  zone  of  explosion  it  was  found  that  the  flame  in 
every  case  had  travelled  towards  the  open  goaf,  fallen  to  daylight,  and  to 
the  holings  to  the  surface,  as  shown  by  arrows  on  the  plan.  Along  every 
drive  marked  by  such  arrows  evidence  of  intense  heating  was  noticeable, 
considerable  charring  of  the  coal  and  of  the  timber  props  being  visible. 
The  flame  did  not  extend  throughout  the  open  workings,  but  propagation 
was  confined  to  the  area  shown  by  a  stippling  of  fine  dots  on  the  plan.  No 
timber  was  knocked  down  or  falls  caused.  Nine  persons  were  employed 
in  the  Deep  Creek  section  at  that  time  ;  only  one,  however,  was  in  the  zone 
of  flame,  and  none  received  any  injury. 

On  the  17th  September  the  writer  inspected  the  scene  of  the  explosion, 
and  found  the  sides  of  the  pillars  slightly  damp,  in  degree  insufficient,  how¬ 
ever,  to  moisten  a  postage-stamp.  The  floor  was  wet,  although  no  pools 
were  visible  ;  coal-dust  could  not  be  raised  by  kicking  the  floor  or  by 
blowing  on  the  sides.  Props  were  the  only  timber  used  ;  there  were  no 
bars  to  harbour  dust.  Owing  to  this  small  section  of  workings  being 
surrounded  by  outcrops  and  holings  to  daylight,  the  ventilation  was 
excellent  and  the  mine-air  as  pure  as  that  outside.  The  writer  never  saw 
a  place  more  free  of  coal-dust ;  but  notwithstanding  this  he  is  perfectly 
satisfied  that  sufficient  dust  was  created  or  raised  by  the  blown-through 
shot  to  cause  propagation,  which  was  confined  to  a  small  area  owing  to 
increased  moisture  in  the  unaffected  workings.  After  this  occurrence  the 
owners  of  the  colliery  very  wisely  introduced  British  Imperial  explosives 
into  their  collieries  at  Denniston  and  Millerton. 

This  explosion  must  be  taken  as  a  serious  warning,  for  had  it  occurred 
in  a  larger  and  drier  section  of  the  extensive  Denniston  collieries  the  loss 
of  life  might  have  been  appalling. 

In  the  Regulations  under  the  Coal-mines  Act  it  is  provided  that — 
128  (2) — In  all  coal-mines  other  than  opencast  workings  which  are  not 
naturally  wet  throughout  no  other  than  a  permitted  explosive  shall  be 
used  ;  and  by  129  (/)  (iii),  In  all  cases  in  which  permitted  explosives  are 
required  by  these  regulations,  no  shot  shall  be  fired  unless  a  shot-firer  has 
examined  the  floor,  roof,  and  sides  of  all  contiguous  places  within  a  radius 
of  5  yards  of  the  place  where  the  shot  is  fired,  for  coal-dust,  and  has  taken 
efficient  steps  to  render  any  dust  within  that  area  harmless. 

In  the  case  of  the  Deep  Creek  section,  prior  to  the  explosion  it  would 
have  been  a  very  debatable  question  as  to  whether  it  was  not  naturally 
wet  throughout  ;  the  examination,  however,  of  the  contiguous  place  was 
not  made. 

The  necessary  degree  of  moisture  to  render  coal-dust  uninflammable  is 
seldom  naturally  present  in  mines.  It  appears  necessary  that  an  additional 
regulation  shall  be  made  prohibiting  the  use  of  any  but  permitted  explosives 
in  all  coal-mines  except  lignite-pits  and  opencast  workings. 

In  the  report  of  the  U.S.  Bureau  of  Mines,  1916,  it  is  stated  that 
investigations  have  shown  that  in  one  case  it  was  found  that  a  mixture 
of  77  per  cent,  of  pulverized  Pittsburgh  coal  and  23  per  cent,  of  water 
(not  including  the  water  of  composition  in  the  coal)  gave  a  very  strong 


1918.]  The  N.Z.  Journal  of  Science  and  Technology. 


179 


-Plan  of  Mine  Workings  — 
«~j5eep  Creek  Section  — 

1R0NBRIDGE  COLLIERY 

—  DENN1ST0N  — 

—  Showing  Locality  of  — 

■Small  Coaldust  Explosion- 

24*- April  1917. 


- — -  Reference - 

Position  of  blown-through  shot  drilled  south-eastward  A 

Place  where  miners -  sheltered  unhurt _ _ _  g 

.Direction  of  flame  and  small  force _ _ _  — 

Zone  of  explosion _  253 

—  Scale  — 

LINKS  100  50  0 _ I _ 2 _ 3 _ 4 _ 5 _ 6 _ 

METRES  10  5  0  50  100  METRES 


7  CHAINS 


1  •  1584 


,G.Ert. 


180  The  N.Z.  Journal  of  Science  and  Technology.  [May 

propagation  in  the  experimental  mine.  In  the  Sixth  Report  of  the  (British) 
Explosives  in  Mines  Committee,  1914,  page  6,  it  is  stated  that  “  From  the 
American  experiments  which  were  made  with  artificially  prepared  dust 
from  a  bituminous  coal  containing  about  35  per  cent,  of  volatile  matter 
and  about  5  per  cent,  of  ash,  it  was  concluded  that  the  total  moisture- 
content  of  the  dust  must  approach  30  per  cent,  to  ensure  that  it  should  be 
incapable  of  propagating  flame.  We  have  repeated  these  experiments, 
using  not  only  coal-dust  containing  merely  its  natural  ash,  but  mixtures 
of  coal  and  incombustible  dust,  and  have  determined  quantities  of  water 
that  it  was  necessary  to  mix  intimately  (by  atomizer)  with  the  dust  in  order 
to  render  them  incapable  of  ignition  by  a  stemmed  charge  of  24  oz.  of 
blasting-powder.  Our  results  are  in  accordance  with  those  obtained  in 
America.” 


Industrial  Alcohol  in  New  Zealand. 

By  J.  S.  Maclaurin,  D.Sc.  F.C.S.,  Dominion  Analyst. 

There  is  undoubtedly  a  great  future  for  alcohol  as  a  source  of  power  and 
heat.  This  is  clearly  shown  by  the  following  figures  giving  the  approximate 
amount  of  alcohol  produced  in  Germany  for  the  year  1913-14,  and  the 
quantities  of  the  various  substances  from  which  it  was  manufactured. 
Owing  to  the  absence  of  returns  for  East  Prussia  for  August-September, 
1914,  the  figures  are  somewhat  below  the  true  values. 


Total  alcohol  produced 

.  81,000,000 

gallons. 

Substances  used  in  the  production  of  this 

alcohol — 

Tons. 

Percentage 
cf  Total. 

Potatoes 

2.600.000 

85-90 

Cereals  and  other  meals 

320.000 

10-60 

Molasses,  beets,  and  beet- juice 

57,800 

1-90 

Brewery-refuse 

710 

0-02 

Core-fruit  and  residues 

10.000 

0-33 

Stone-fruit 

18.000 

0-60 

Fruit  and  grape  wines 

4.200 

0-12 

Wine -yeast  and  grape -marcs 

15.000 

0-50 

Other  materials  .■ . 

2,000 

0.-06 

3,027,710 

It  is  very  questionable,  however,  whether  alcohol  could  be  produced  in  New 
Zealand  at  the  present  time  or  in  the  near  future  at  a  payable  price. 

The  pre-war  wholesale  price  of  petrol  in  Wellington  was  about  Is.  8d. 
per  gallon.  One  gallon  of  petrol  is  equal  to  approximately  1  gallon  of 
absolute  alcohol,  when  each  is  used  in  an  engine  designed  for  that  class 
of  fuel.  To  compete  with  petrol  as  a  fuel  for  motors,  &c.,  alcohol  would 
therefore  require  to  be  sold  at  not  more  than,  say,  Is.  3d.  to  Is.  6d.  per 
gallon. 

The  principal  materials  from  which  alcohol  may  be  produced  on  a 
commercial  scale  are  starch,  sugar,  wood,  and  calcium  carbide.  Of  starch¬ 
bearing  substances  the  most  largely  grown  in  New  Zealand  are  wheat, 
barley,  maize,  and  potatoes. 
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Wheat. — A  bushel  of  wheat  should  produce  rather  more  than  2  gallons 
of  alcohol;  and  if  obtained  at  4s.  per  bushel,  which  was  approximately 
the  price  in  1912  and  1913,  the  alcohol  made  from  it  would  cost  at  least 
2s.  6d.  per  gallon,  allowing  6d.  per  gallon  for  manufacture,  or  double  the 
price  at  which  it  could  compete  with  petrol. 

Potatoes.— Turning  now  to  potatoes  as  a  possible  source  of  alcohol, 
1  ton  of  potatoes  should  produce  approximately  27  gallons  of  alcohol,  at 
a  cost  of  about  6d.  per  gallon  for  manufacture.  Therefore,  to  compete 
with  petrol  the  potatoes  would  require  to  be  bought  at  not  more  than 
£1  7s.  per  ton  ;  but  the  selling-price  of  potatoes  in  1913-14  was  about 
£3  to  £5  per  ton  f.o.b.  Lyttelton,  and  they  would  probably  be  worth  at 
least  £2  to  £4  on  the  farm. 

Sugar. — Refined  sugar  is,  of  course,  out  of  the  question  for  this  purpose, 
but  molasses  is  a  very  cheap  form  of  sugar  largely  used  for  the  production 
of  alcohol.  The  amount  of  molasses  imported  into  New  Zealand  of  late 
years  has  been  about  1,300  tons  per  year,  and  the  amount  produced  here 
about  100  tons.  The  price  is  £3  5s.  per  ton.  This  molasses  contains 
approximately  52  per  cent,  of  total  sugars.  One  ton  would  yield  approxi¬ 
mately  62  gallons  of  absolute  alcohol,  at  a  cost  of  about  Is.  per  gallon  for 
materials  and  3d.  to  5d.  for  manufacture,  bringing  the  total  cost  per  gallon 
to  Is.  3d.  or  to  Is.  5d.  Considerable  quantities  of  alcohol  are  produced 
from  this  source  in  Queensland — e.g .,  648,000  gallons  were  distilled  in  1914 
and  442,000  gallons  in  1915. 

Wood. — Of  late  years  a  large  amount  of  experimental  work  has  been 
done,  especially  in  the  United  States,  on  the  production  of  alcohol  from 
sawdust  and  other  waste  wood.  In  1914  the  Du  Pont  de  Nemours  Power 
Company,  of  Georgetown,  U.S.A.,  was  said  to  be  producing  about  450,000 
gallons  of  alcohol  per  annum,  but  unfortunately  I  have  no  information 
in  regard  to  the  cost  of  production  and  selling-price.  The  yield  of  alcohol 
varies  considerably  with  the  kind  of  wood  used,  but  it  may  be  taken  as 
averaging  from  16  to  20  gallons  per  ton. 

Calcium  Carbide. — On  treating  calcium  carbide  with  water,  acetylene  is 
formed,  and  this  gas  can  be  converted  into  alcohol  by  suitable  treatment. 
It  is  said  that  the  Lonza  Electric  Company,  Switzerland,  intends  to  spend 
£450,000  on  works  for  the  production  of  alcohol  in  this  manner. 

From  the  foregoing  information  it  is  evident  that  wheat  is  out  of  the 
question  as  a  source  of  alcohol.  Potatoes  are  in  a  somewhat  better  position, 
but  are  still  too  dear  for  the  purpose.  Damaged  grain,  damaged  fruit,  and 
inferior  potatoes  would  no  doubt  be  available  in  considerable  quantities, 
but  the  cost  of  transport  would  be  prohibitive,  except  for  products  grown 
within  a  comparatively  short  distance  of  a  factory. 

As  already  stated,  alcohol  could  no  doubt  be  prepared  in  New  Zealand  from 
molasses  at  a  comparatively  small  cost,  but  the  amount  of  molasses  produced 
here  is  far  too  small  to  be  used  as  the  main  source  of  commercial  alcohol. 
The  imported  molasses  need  not  be  considered  in  this  connection,  since  it 
would  no  doubt  be  far  cheaper  to  prepare  the  alcohol  in  the  country  in  which 
the  molasses  is  produced.  This  is  evident  when  we  consider  that  the  yield 
of  alcohol  is  only  one-fifth  to  one-quarter  of  the  weight  of  the  molasses. 

The  production  of  alcohol  from  waste  wood  in  New  Zealand  is  well 
worthy  of  consideration,  but  until  a  thorough  investigation  of  the  quantities 
and  suitability  of  the  various  timbers  available  is  made  no  reliable  opinion 
can  be  formed  on  the  subject. 

With  regard  to  the  production  of  alcohol  on  a  commercial  scale  from 
calcium  carbide,  it  would,  I  think,  be  a  mistake  to  investigate  this  question 
in  New  Zealand  until  larger  countries  have  proved  the  process. 
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REPORTS  OF  MEETINGS. 

New  Zealand  Society  of  Civil  Engineers  (Incorporated). 

The  fourth  annual  general  meeting  of  the  New  Zealand  Society  of  Civil 
Engineers  (Incorporated)  was  held  in  the  Concert  Chamber  of  the  Town 
Hall,  Wellington,  from  the  19th  to  the  23rd  February,  when  about  eighty 
members  attended  from  all  parts  of  the  Dominion,  between  Whangarei  in 
the  north  and  Invercargill  in  the  south.  His  Worship  the  Mayor  (Mr.  J.  P. 
Luke,  C.M.G.)  received  and  welcomed  the  visitors.  Mr.  S.  A.  R.  Mair, 
of  Hunterville  (Engineer  to  the  Rangitikei  County  Council)  was  elected 
President,  and  vacancies  on  the  Council  were  filled  by  the  election  of 
the  Past  President  (Mr.  J.  Blair  Mason,  M.Inst.C.E.)  and  by  retiring 
members. 

The  first  day  of  the  conference  was  largely  spent  in  transacting  the 
general  business  of  the  society,  after  which  the  following  papers  were  read 
and  discussed  at  length 

“  Notes  on  Patent  ‘  Lightning  ’  Crusher  and  Pulverizer,”  by  Mr.  G.  T. 
Murray,  Assoc. M.Inst.C.E. 

“  Wood  Pavements,”  by  Mr.  R.  S.  Rounthwaite,  M.Inst.C.E. 

“  The  Hawera  Borough  Loan  Works — Construction  of  Tar-macadam 
Roadways  and  Footpaths,”  by  Mr.  John  Sturrock. 

“  Tar  Treatment  of  Metalled  Roads  in  Eltharn  County,”  by  Mr.  F. 
Basham. 

“  Notes  on  Road-construction  in  the  Orchard  District  between  Nelson 
and  Motueka,”  by  Mr.  J.  W.  Spence. 

“  The  Prevention  of  Water-waste  by  Meter,”  by  Mr.  S.  B.  Dodge. 

“  Road-tunnels,”  by  Mr.  G.  T.  Murray,  Assoc. M.Inst.C.E. 

“  Floods  in  North  Auckland  District,”  by  Mr.  John  Wood,  Assoc. 
M.Inst.C.E. 

“  Concrete  Arched  Bridges — -Otago  Central  Railway,”  by  Messrs. 
C.  J.  McKenzie,  Assoc. M.Inst.C.E.,  and  J.  Marks. 

A  resolution  was  adopted  affirming  the  desirability  of  having  New 
Zealand  mean  time  twelve  hours  ahead  of  Greenwich  mean  time,  instead 
of  eleven  hours  thirty  minutes  as  at  present. 

During  the  week  members  visited  and  inspected  the  reservoirs  at  Karori, 
the  Railway  Workshops  at  Petone,  the  Patent  Slipway,  the  new  gasworks 
at  Miramar,  the  tramway  sheds  and  shops,  and  various  other  works  of 
interest. 

A  largely  attended  conversazione  was  held  on  the  evening  of  the  20th 
February,  when  Ministers  and  members  of  Parliament  were  present, 
together  with  the  Chairman  of  the  Harbour  Board  and  representatives  of 
other  public  bodies  and  institutions. 


Canterbury  Miscroscopical  Society. 

The  annual  meeting  of  the  Canterbury  Microscopical  Society  was  held 
at  the  City  Electrical  Lecture-theatre  on  Thursday,  the  7th  February,  1918. 
The  President  (Mr.  E.  E.  Stark)  presided  over  an  attendance  of  twenty- 
five  members.  The  society  is  a  very  live  one,  as  the  result  largely  of  the 
practical  work  carried  out  last  session  by  the  President  and  Messrs. 
Campbell  and  Lindsay.  After  considerable  discussion  it  was  resolved  that 
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the  society  establish  a  library  of  microscopic  slides  and  a  representative 
entomological  collection.  Six  members  undertook  to  submit  their  collec¬ 
tions  for  the  society  to  select  from,  and  it  was  resolved  to  purchase  the 
necessary  slide-boxes  and  airtight  entomological  cabinet-drawers.  With 
regard  to  the  slide  library  it  was  decided  that  slides  acquired  by  the 
society  either  by  donation,  purchase,  or  by  the  work  of  the  students 
should  be  available  for  loan  to  members  or  home  study,  and  that  slides 
loaned  to  the  society  should  be  available  for  study  at  the  society’s  rooms, 
but  not  for  removal.  It  is  anticipated  that  a  very  valuable  collection  will 
be  accumulated  in  the  course  of  a  few  years. 

The  following  officers  were  nominated  for  the  ensuing  year  :  Presi¬ 
dent,  Mr.  E.  E.  Stark  ;  Secretary  and  Reporter,  Mr.  Graham  ;  Treasurer, 
Mr.  G.  P.  Steel ;  Committee,  Messrs.  Campbell,  Dash,  Williams,  and  Turner. 

March  2. — The  suggestion  having  been  made  that  the  society  should 
make  a  systematic  investigation  of  the  entomology  of  the  Port  Hills,  a. 
field  excursion  to  McDonald’s  Bush,  Hoon  Hay,  was  made,  resulting  in 
the  capture  of  sixty  species  of  insects. 

March  7. — Mr.  J.  H.  Wilson,  M.A.,  gave  an  illustrated  lecture  entitled 
“  The  Way  to  His  Heart,”  in  which  he  described,  from  a  microscopical 
standpoint,  the  various  tissues  and  structures  forming  the  alimentary  canal 
and  the  organs  of  absorption,  assimilation,  and  circulation.  Hints  were 
given  as  to  the  preparation  of  some  of  the  tissues  for  mounting  and 
exhibition. 

Mr.  J.  W.  Campbell  exhibited  a  number  of  slides  illustrating  various 
parts  of  beetles. 

March  21.- — Mr.  S.  Lindsay  gave  a  short  address  on  “  The  Evolution  of 
Insects,”  and  Mr.  Charles  H.  E.  Graham  one  on  “  Diatoms,”  exhibiting  a 
number  of  slides  of  typical  diatoms  from  Lyttelton,  Sheffield  (N.Z.),  Sumner, 
the  Heathcote  River,  New  Brighton,  Oamaru,  and  other  localities  in  New 
Zealand. 

April  4. — Mr.  A.  Grant  gave  an  address  on  “  Micrometers.”  He  described 
in  detail  the  method  of  constructing  both  “  stage  ”  and  “  eye-piece  ” 
micrometers,  explained  the  manner  of  using  them,  and  emphasized  the 
necessity  of  microscopists  being  able  to  determine  for  themselves  the 
magnifying-powers  of  the  different  combinations  of  eye-pieces  and  objectives 
used  on  their  instruments.  He  exhibited  a  machine,  capable  of  ruling 
20,000  lines  to  the  inch,  used  in  the  manufacture  of  stage  micrometers. 
Eye-piece  micrometers  were  made  by  a  photographic  process,  wet  plates 
being  used,  as  the  grain  in  the  film  of  a  dry  plate  was  too  coarse. 

Mr.  E.  E.  Stark  explained  the  use  of  the  camera  lucida  in  microscopic 
measurements,  the  method  of  measuring  the  thickness  of  cover-glasses, 
and  the  manipulation  of  the  vernier  micrometer.  He  had  on  exhibition 
various  appliances,  including  an  automatic  micrometer-ruler. 

Mr.  A.  Noble  stated  that  a  dry  plate  could  be  made  to  do  all  that  a  wet 
plate  could.  He  was  speaking  from  over  forty  years’  experience  as  a  plate- 
maker.  Such  plates,  however,  would  be  very  slow,  and  would  have  to  be 
specially  made. 


Wellington  Philosophical  Society. 

April  24. — Mr.  R.  L.  Andrew  delivered  a  lecture  on  “  Laboratory  Con¬ 
trol  of  Milk-supply,”  with  experimental  illustrations.  It  was  shown  that 
by  simple  butter-fat  and  specific-gravity  estimations,  occupying  only  a 
few  minutes,  the  farmer  or  milkman  could  obtain  a  fairly  accurate  idea  of 
the  main  constituents  of  his  milk,  and  could  see  how  it  complied  with  the 
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legal  standards.  For  detecting  added  water  the  freezing-point  test  was 
adopted  by  the  Dominion  Laboratory  after  searching  tests,  and  had  proved 
most  efficacious.  As  regards  fats  and  total  solids  the  Wellington  milk- 
supply  compared  very  favourably  with  that  of  a  prominent  London  com¬ 
pany.  As  regards  dirt,  however,  tested  by  direct  observation  of  the  sedi¬ 
ment  in  a  glass  vessel,  the  best  Wellington  samples  were  just  within  the 
American  and  Continental  standards,  and  the  worst  had  twelve  times  as 
much  dirt.  No  visible  sediment  should  be  observable  in  a  litre  of  milk. 
Filtering  or  straining  was  undesirable,  as  no  dirt  should  ever  get  into  the 
milk.  Bacterial  investigations  of  two  kinds  were  carried  out  in  the  Dominion 
Laboratory.  The  reductase  test,  depending  on  the  reduction  of  a  solution 
of  methylene  blue  by  any  bacterial  ferment  present,  gave  an  idea  of  the 
staleness  of  the  milk.  Fermentation  tests  were  under  investigation,  but 
had  not  so  far  yielded  definite  results. 


REVIEWS  AND  ABSTRACTS. 

Interim  Report  on  the  Electric-power  Supply  in  Great  Britain, 

by  the  Coal-conservation  Sub-committee  of  the  Reconstruction  Commit¬ 
tee  of  the  Ministry  of  Reconstruction.  British  White  Paper,  Cd.  8880, 
28  pp.,  1917. 

This  is  a  report  addressed  to  the  Prime  Minister  of  Great  Britain  by 
Lord  Haldane,  Chairman  of  the  Coal-conservation  Sub-committee  appointed 
by  the  Minister  o':  Reconstruction  for  Great  Britain,  and  consisting  of  the 
Right  Hon.  Viscount  Haldane,  Charles  H.  Merz  (Vice-Chairman),  William 
A.  Bone,  Guy  Calthrop,  John  Kemp,  R.  A.  S.  Redmayne,  and  Charles  P. 
Sparks. 

The  report  deals,  firstly,  with  the  extent  to  which  conservation  of  coal 
could  effect  economy  in  the  production  of  motor-power  and  other  forms 
of  energy  used  for  industrial  purposes  ;  secondly,  with  the  expansion  of 
industry  which  should  result  in  the  way  of  new  manufactures  from  the 
proper  use  of  the  coal  so  saved  ;  and,  thirdly,  with  the  steps  necessary  to 
attain  these  objects. 

The  report  contains  a  number  of  tables  showing  the  coal  raised  and 
consumed  in  the  United  Kingdom,  the  subdivision  of  home  consumption, 
a  table  from  the  census  of  production  showing  the  extent  to  which  output 
is  dependent  upon  the  use  of  power,  a  summary  of  the  London  electric- 
supply  system,  and  average  prices  charged  to  consumers  by  electricity 
undertakings  in  the  Lancashire  area. 

The  report  is  further  accompanied  by  five  appendices,  showing  the 
consumption  of  coal  per  horse-power  hour  for  power  purposes  in  the 
United  Kingdom,  a  summary  of  electricity-supply  legislation,  types  of 
electric-power  organizations,  fuel  economy  on  the  north-east  coast  of  Great 
Britain  as  the  result  of  electric-power  supply,  and  a  memorandum  of  the 
Association  of  Electric  -  power  Companies  on  the  electric  -  power  -  supply 
industry  in  the  United  Kingdom. 

The  report  is  best  summarized  in  the  words  of  the  chairman  of  the 
sub-committee  addressed  to  the  Right  Hon.  David  Lloyd  George,  Prime 
.Minister,  and  of  which  the  following  is  a  copy 

The  Coal-conservation  Sub-committee  have  considered  and  given  their  provisional 
approval  to  the  accompanying  interim  report  prepared  by  the  sub-committec  which 
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they  appointed  to  deal  with  the  question  of  power  generation  and  transmissions.  In 
submitting  this  report  they  desire  me  to  make  the  following  observations  : — 

The  question  of  the  conservation  of  coal,  so  far  as  it  falls  within  the  reference  to 
that  sub-committee,  is  the  question  of  economy  in  the  use  of  coal  through  supplying 
electricity  for  power  and  other  forms  of  energy.  The  consumption  of  coal  involved 
is  so  large,  and  the  economy  in  the  use  of  it  which  can  be  effected  is  so  great,  that  it 
is  a  matter  of  grave  national  importance  that  action  should  be  taken  without  delay. 
Indeed,  it  is  scarcely  possible  to  exaggerate  the  national  importance  of  the  problem 
of  a  technically  sound  system  of  electrical  supply,  because  it  is  essentially  one  with 
the  problem  of  the  industrial  development  of  the  country,  which  largely  depends  upon 
increasing  the  net  output  per  head  of  the  workers  employed  in  the  industries  in  which 
power  can  be  used. 

In  order  to  solve  the  problem  it  is  necessary  first  to  define  the  essential  conditions 
of  electrical  generation  and  distribution  which  together  result  in  the  cheapest  supply, 
and  this  is  done  in  the  sub-committee’s  report. 

As  regards  generation,  the  essential  conditions  of  economy  laid  down  in  that  report 
are  that  the  generating  plant  should  be  large,  and  erected  on  sites  where  water  is 
plentiful  and  transport  facilities  good,  or  fuel  close  at  hand.  The  sites  must  be  ample, 
so  as  to  allow  not  only  for  the  large  subdivided  generating-stations,  but  also  for  the 
erection  of  coal  by-product  recovery  plant,  and,  in  some  cases  at  any  rate,  for  the 
ancillary  purpose  of  erecting  plant  for  electro-chemical  processes  which  have  not  yet 
been  developed  in  this  country. 

As  regards  distribution,  the  essential  conditions  of  economy  laid  down  in  the  report 
are  that  each  district  of  electrical  supply  under  a  single  authority  should  be  a  large 
area,  with  the  greatest  possible  variety  of  electrical  requirements,  and  including 
populous  centres  of  industrial  activity.  All  these  requirements  should  be  provided 
for  by  means  of  an  interconnected  power-distribution  system,  tapping  all  existing 
sources  of  power — such  as  waste  gas  and  heat — and  delivering  electrical  energy  wherever 
it  is  needed,  thus  making  possible  the  use  of  much  coal  now  wasted  or  left  in  the  pit 
because  it  will  not  stand  transportation. 

Finally,  both  as  regards  generation  and  distribution,  it  is  essential  that  the  whole 
system  should  be  subject  to  the  general  supervision  and  control  of  a  single  body  of 
Electricity  Commissioners. 

To  realize  these  conditions  a  comprehensive  policy  for  the  whole  country  is  neces¬ 
sary  ;  and,  fortunately,  such  a  policy  is  practicable  in  this  country  to  a  greater  extent 
than  elsewhere,  on  account  of  the  compact  nature  of  our  industrial  areas  and  their 
close  proximity  to  each  other.  But  the  Coal-conservation  Sub-committee  feel  that 
they  must  draw  special  attention  to  the  necessity  of  the  policy  being  national  in 
character,  because,  as  the  report  shows,  the  historical  development  of  electric  supply 
in  this  country  during  the  last  thirty  years  has  been  local  in  principle  and  character, 
and  the  resulting  position  will  have  to  be  superseded. 

It  should,  however,  be  kept  clearly  in  mind  that  whatever  conflict  there  may  be 
between  the  interests  of  the  local  electrical  authorities  which  exist  at  present  and  the 
interests  of  a  comprehensive  scheme,  there  is  no  conflict  in  this  matter  between  the 
interests  of  the  local  community  and  those  of  the  nation  as  a  whole.  The  interests  of 
every  individual  user  of  electrical  energy  are  bound  up  with  the  establishment  of  a  system 
which  will  deal  comprehensively  and  upon  right  lines  with  the  gradual  development 
of  all  the  electrical  requirements  of  the  community. 

It  is  unfortunately  the  case  that  the  working  -  out  of  such  a  scheme  of  power- 
distribution  is  complicated  and  hampered  by  the  necessity  of  utilizing  existing  plant 
to  the  best  advantage.  The  Coal-conservation  Sub -committee  think,  however,  it 
should  not  be  further  hampered  by  mistaken  policy  of  the  past,  except  in  so  far  as 
justice  requires  that  fair  compensation  should  be  paid  for  existing  rights  and  equitable 
provision  made  for  the  ultimate  liquidation  of  existing  financial  obligations.  Subject 
to  these  limitations,  the  new  scheme  should  provide  for  a  clear  field  for  the  develop¬ 
ment  of  a  comprehensive  system  of  electrical  supply  upon  lines  which  are  technically 
right  and  commercially  sound. 

A  supply  of  this  important  publication  has  been  ordered  by  the  Public 
Work '  Department,  and  will  be  available  for  distribution  to  persons 
specially  interested.  E.  P. 


Foaming  of  Boiler-waters,  by  W.  A.  Hargreaves.  Bulletin  of  the  De¬ 
partment  of  Chemistry,  South  Australia,  No.  5,  75  pp.,  1917. 

Foaming  is- defined  as  ’‘the  phenomenon  exhibited  by  some  waters  of 
producing  a  very  large  number  of  small  bubbles  when  boiled.  The  bubbles 
are  so  abundant  as  to  occupy  a  large  volume  above  the  liquid,  and  in 
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extreme  cases  to  take  up  the  whole  space  previously  occupied  by  the  liquid 
as  well,  so  that  there  is  no  liquid,  as  such,  left.”  Foaming  in  a  steam  boiler 
.  causes  water  to  be  drawn  over  with  the  steam  into  the  cylinders  of  the 
engine,  thus  producing  what  is  known  as  “  priming.”  Both  foaming  and 
priming  are  highly  dangerous. 

In  the  bulletin  the  generally  accepted  causes  of  foaming  are  reviewed, 
and  theoretical  considerations  discussed  at  length.  Numerous  experiments 
are  described,  and  analytical  results  tabulated. 

The  principal  conclusions  drawn  are— 

(1.)  That  the  salts  which  produce  foaming  may  be  divided  into  two 
classes,  active  and  passive.  The  active  salts  are  magnesium  car¬ 
bonate,  calcium  carbonate,  sodium  carbonate.  These  actually 
bring  about  the  foaming.  The  passive  salts  are  magnesium  sul¬ 
phate,  sodium  chloride,  sodium  sulphate,  magnesium  chloride, 
calcium  chloride,  calcium  sulphate.  These  materially  assist 
foaming  by  bringing  about  the  necessary  condition,  and  may 
be  regarded  as  the  salts  which  bring  about  the  foaming  when 
they  are  excited  by  the  active  salts. 

(2.)  While  the  readiness  with  which  foam  will  form  depends  on  the 
concentration  of  the  passive  salts,  it  is  almost  independent  of  the 
concentration  of  the  active  salts. 

(3.)  Organic  matter  in  solution  may  cause  foaming. 

A  laboratory  foam  test  is  described  which  is  said  to  have  given  very 
good  results.  140  c.c.  of  the  water  to  be  tested  are  placed  in  a  400  c.c. 
tall  beaker,  of  resistance  glass,  and  without  a  lip.  The  beaker  is  about 
12*5  c.m.  high  and  7  c.m.  diameter.  It  must  be  quite  clean,  and  especially 
free  from  grease  and  acid.  It  is  covered  with  a  watch-glass,  and  placed  on 
a  piece  of  wire  gauze  on  a  triangle,  or,  better,  on  a  Davies  furnace.  A  very 
hot  Bunsen  flame  is  applied,  and  the  water  is  vigorously  boiled  until  the 
bulk  is  reduced  to  70  c.c.  The  water  is  then  filtered  while  hot  into  another 
clean  beaker  of  the  same  dimensions.  The  beaker  is  covered  with  a  watch- 
glass,  placed  on  the  flame,  and  the  water  again  vigorously  boiled  until  the 
bulk  is  reduced  to  5  c.c.  If  the  water  in  the  beaker  foams  before  the  filtra¬ 
tion  stage  is  reached  it  is  not  suitable  for  locomotive  use.  -If  it  foams  after 
filtration  it  will  have  a  tendency  to  produce  priming,  and  that  tendency 
will  be  the  more  marked  the  sooner  the  foaming  is  noticed  after  filtration. 
If  foaming  occurs  only  when  the  water  is  taken  to  very  low  bulk  there  will 
be  no  trouble  if  the  boiler  is  washed  out  frequently  and  undue  concentration 
prevented . 

One  practical  result  is  a  method  of  preventing  foam  by  treatment  of  a 
water  with  acid.  The  water  should  first  be  softened,  and  after  removal  of 
the  sludge  made  neutral,  or  faintly  acid,  with  sulphuric  acid.  When  foam¬ 
ing  is  due  to  the  presence  of  organic  matter  it  must  be  removed  before  the 
acid  treatment  is  applied.  The  boiler  in  which  such  water  is  used  should 
be  free  from  scale.  W.  D„ 

Investigations  regarding  Heat-insulating  Materials,  by  B.  J.  Smart 

and  P.  Pecover.  Commonwealth  Engineer,  vol.  5,  pp.  127-32,  Dec.  1, 
1917. 

In  a  country  so  dependent  on  refrigeration  as,  New  Zealand  this  is  a 
subject  of  vital  importance.  It  has  been  investigated  by  many  experi¬ 
menters.  The  latest  is  a  full  research  made  in  Australia  by  Messrs.  B.  J. 
Smart  and  P.  Pecover.  They  adopt  as  a  practical  working-unit  of  heat- 
conducivity  of  insulating-materials  the  number  of  British  thermal  units 
which  pass  in  one  hour  through  a  layer  of  material  one  inch  thick,  having 
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an  area  of  one  square  foot,  when  the  difference  in  temperature  between  the 
two  sides  of  the  layer  is  one  degree  Fahrenheit.  A  full  review  of  the  work 
of  previous  investigators  is  given,  their  results  being  reduced  to  a  uniform 
standard  in  terms  of  the  above  unit.  The  apparatus  they  employed  con¬ 
sisted  of  a  cubical  box  with  double  walls  of  thin  copper,  the  inner  box  being 
6  in.  by  6  in.  by  5  in.,  and  the  space  between  the  walls  1  in.  thick.  This 
space  was  carefully  packed  with  the  material  to  be  investigated,  and  the 
inner  space  filled  in  different  experiments  with  ice  and  steam ;  the  con¬ 
ductivity  of  the  material  being  determined  by  the  amount  of  water  melted 
in  the  one  case  and  condensed  in  the  other.  Full  details  are  given  of  the 
method  and  the  results,  of  which  the  following  table  is  a  summary 


Marine  fibre  . . 
Silicate  wool  .  . 
Cork 

Compressed  cork 

Sawdust 

Magnesia 

Charcoal 

Pumice 

Asbestos 

Blast-furnace  slag 
Sand 


B.Th.U.  per  Hour. 


Freezing  Temp. 

Steam  Temp. 

.  .  0-35 

0-56 

. .  0-33 

0-61 

. .  0-35 

0-51 

.  .  0-37 

0-58 

. .  0-48 

0-72 

•  •  •  • 

0-68 

. .  0-58 

0-91 

. .  0-61 

0-79- 

. .  0-73 

l-OG 

. .  0-89 

1-35 

2-18 

L.  B. 


Fishes  of  Australia  and  their  Technology,  by  T.  C.  Roughley,  Techno¬ 
logical  Museum,  Sydney.  Technical  Education  Series,  No.  21,  296  pp., 
with  59  figs,  and  70  coloured  plates.  Sydney,  1917. 

The  New  Zealand  Institute  for  many  years  past  has  urged  upon  the 
Government  the  desirability  of  having  a  catalogue  of  New  Zealand  fishes 
prepared  and  printed.  The  work  under  review  goes  further  than  this  ; 
it  not  only  gives  a  systematic  description  of  each  fish,  accompanied  by 
coloured  plates  in  seventy  cases,  but  it  brings  together  much  that  is  known, 
concerning  the  geographical  distribution,  habits,  food,  edible  qualities,  and1 
methods  of  capture  and  supply  for  each  species.  In  addition  there  are 
chapters  on  trawling,  other  methods  used  or  recommended  for  the  capture 
of  fish,  the  utilization  of  fish  in  applied  art,  and  the  Australian  aboriginal 
fishing.  Such  a  work,  being  largely  a  compilation,  must  be  unequal  in 
treatment,  and  it  is  perhaps  stronger  on  the  artistic  than  the  scientifie 
side,  but  it  cannot  fail  to  be  of  great  service  in  the  development  of  the 
fisheries  of  New  South  Wales.  Nor  can  it  be  neglected  by  those  interested 
in  New  Zealand  fisheries,  since  some  twenty  of  the  species  treated  of  are 
stated  to  extend  into  New  Zealand  waters.  The  New  Zealand  reader, 
however,  must  beware  of  accepting  these  statements  without  reserve,  as 
the  scientific  names  employed  differ  considerably  from  those  given  by  Waite- 
to  New  Zealand  fish.  J.  A.  T. 


The  Problem  of  the  Cretaceous-Tertiary  Boundary  in  South  America 
and  the  Stratigraphic  Position  of  the  San  Jorge  Formation  in 
Patagonia,  by  A.  Windhausen.  Am.  Journ.  Sci..  ser.  4,  vol.  45, 
pp.  1-53,  1918. 

South  America,  like  New  Zealand,  has  had  its  Cretaceo-Tertiary  problem, 
and  for  reasons  not  altogether  dissimilar.  In  each  there  are  locally  occurring 
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Upper  Cretaceous  beds,  now  generally  regarded  as  Senonian ;  and  in  each 
.there  are  widespread  Tertiary  formations,  with  faunas  of  a  southern  type 
jtliat  make  correlations  with  European  rocks  a  matter  of  difficulty.  The 
Patagonian  of  South  America  and  the  Oamaruian  of  New  Zealand  are  now 
generally  regarded  as  Miocene,  but  both  were  originally  thought  to  be 
older — -viz.,  Oligocene  or  Eocene — and  to  follow  directly  upon  the  Cre¬ 
taceous.  In  each  country  there  was  a  school  of  geologists  which  contended 
for  a  clearly  defined  and  important  break  between  the  two  formations,  and 
another  which  supported  the  view  of  a  gradual  transition.  In  each,  again, 
quite  recently  there  have  been  recognized  faunas  intermediate  between  the 
two  in  question,  and  diastrophic  considerations  have  assumed  an  important 
place  in  elucidating  the  problems  at  issue.  The  paper  under  review,  there¬ 
fore,  possesses  an  exceptional  interest  for  New  Zealand  geology. 

The  author  gives  an  excellent  summary  of  previous  views  on  the  relations 
of  the  Cretaceous  and  Tertiary  in  Chile,  and  more  particularly  in  Patagonia, 
.and  considers  it  quite  definitely  established  in  both  districts  that  the  Cre¬ 
taceous  and  Tertiary  are  separated  by  a  stratigraphical  as  well  as  a  faunistic 
break.  The  hiatus  between  the  two  corresponds  to  the  first  phase  of  the 
Andine  orogenetic  movement  (unlike  New  Zealand,  where  the  first  phases 
-of  the  Kaikoura  orogenetic  movements  are  not  recognizable  until  near  the 
close  of  the  Oamaruian).  These  early  Andine  movements  in  the  epirogenetic 
sense  caused  the  breaking-down  of  the  Brazilo-Ethiopian  Continent,  the 
formation  of  the  South  Atlantic  basin,  and  the  posthumous  reopening  of 
the  graben-like  depression  between  the  Patagonian  continental  platform 
and  the  structural  elements  of  central  and  northern  Argentina.  The  first 
.of  the  Tertiary  transgressions  spreading  from  the  South  Atlantic  over 
Patagonia  is  represented  by  the  San  Jorge  formation,  which  is,  like  the 
•succeeding  Patagonian  formation,  limited  to  Patagonia.  It  was  not  until 
the  time  of  the  Parana  formation  (Pliocene)  that  the  ancient  mass  in  the 
floor  of  the  sierras  of  Buenos  Ayres  to  the  north  broke  down,  admitting 
the  Parana  sea  far  to  the  north  in  the  region  of  the  Parana  and  Paraguay 
Rivers. 

The  San  Jorge  formation,  with  which  the  paper  mainly  deals,  was 
originally  considered  by  writers  of  both  schools  as  Upper  Cretaceous  in 
age,  but  the  author  concludes  that  it  is  Upper  Palaeocene  or  Lower  Eocene. 
In  the  palaeontological  sense  its  fauna  is  of  Tertiary  character,  being  the 
forerunner  of  the  Patagonian  fauna,  and  containing  a  large  number  of 
genera  unknown  from  the  Cretaceous.  Nevertheless,  its  fossils  exhibit  a 
number  of  similarities  to  the  Pelecypoda  and  Gastropoda  of  the  Upper 
Senonian  of  south  Patagonia.  This  is  regarded,  however,  as  a  natural 
result,  since  all  three  faunas  sprang  from  the  same  South  Atlantic  -  Antarctic 
centre,  representing  a  continuous  evolution  of  the  original  stock.  We  have 
almost  exactly  similar  relations  between  the  Piripauan,  Kaitangatan,  and 
Oamaruian  faunas  in  New  Zealand. 

Above  the  marine  deposits  of  the  San  Jorge  can  be  observed  a  peneplain 
of  regional  character.  Upon  this  surface  have  been  laid  down  the  sediments 
with  the  earliest  Patagonian  mammal  fauna  ( Notostylops ,  Astraponotus ,  and 
Pyrotherium  beds),  the  age  of  which  is  placed  as  Oligocene.  The  association 
of  dinosaurs  and  mammals  in  Patagonia  can  be  interpreted  only  by  assuming 
that  some  branches  of  dinosaurs  still  persisted  in  the  Tertiary. 

The  succeeding  Patagonian  beds  are  accepted  as  Miocene ;  and  the 
intimate  relationship  of  their  marine  invertebrate  fauna  to  those  of  New 
Zealand  and  Australia,  as  pointed  out  by  Ortmann,  is  insisted  upon,  being 
explained  by  the  persistence  of  a  land-mass  connecting  South  America 
and  South  Africa  with  its  southern  coast  about  the  38th  parallel.  This 
land-mass  broke'  up  about  the  beginning  of  the  Pliocene,  for  the  succeeding 
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Pliocene  Parana  beds,  which  transgress  far  to  the  north  of  the  Patagonian 
beds,  contain  a  fauna  which  is  no  longer  of  Pacific  but  definitely  of  Atlantic 
character.  J.  A.  T. 

British  Antarctic  (“Terra  Nova”)  Expedition,  1910:  Natural  History 

Report. 

Mollusca  :  Part  II — Cephalopoda,  by  Annie  L.  Massy.  Zool.,  vol.  2, 
pp.  141-76. 

Sixty-eight  specimens  of  Cephalopoda  were  taken  on  the  voyage  of  the 
“  Terra  Nova  ”  and  in  the  Antarctic,  of  which  twenty-three  were  obtained 
from  the  New  Zealand  area,  and  were  collected  chiefly  by  surface  netting. 

“  In  the  Pacific,  off  North  Island,  New  Zealand,  Moschites  seemed  to 
be  entirely  absent,  but  only  six  hauls  of  the  bottom  fauna  were  made  in 
this  region,  and  Cephalopods  were  only  once  present  in  shallow  water  on 
a  shelly  bottom,  where  four  specimens  of  the  very  local  Polypus  australis- 
(Hoyle)  occurred.  Other  species  taken  in  plankton-nets  in  this  region 
included  Argonauta  bottgeri  Maltzan,  which,  as  far  as  our  knowledge  goes,, 
is  absent  from  the  Atlantic  and  Arctic  regions,  and  ranges  in  Polynesian 
and  Indian  seas  from  China  and  Hawaii  to  Australia  and  New  Zealand  ; 
Tremoctopus  violaceus  Della  Chiaje,  a  cosmopolitan  pelagic  recorded  from 
all  seas  except  the  neighbourhood  of  the  Poles,  the  most  northerly  locality 
known  being  apparently  Japan,  and  the  most  southerly  the  new  records  of 
the  “Terra  Nova”;  larvae  of  Pyroteuthis  (Pterygioteuthis)  giardi  Fischer,, 
a  species  with  a  wide  range  in  the  Atlantic,  Pacific,  and  Indian  Oceans  ; 
Rhynchoteuthion,  of  a  type  recorded  by  Chun  from  the  Indian  and  Atlantic 
Oceans  ;  Pyrgopsis  pacificus  (Issel),  a  species  widely  distributed  in  the 
Pacific,  having  been  recorded  from  Japan  to  Tahiti ;  and  Teuthowenia 
antarctica  Chun,  the  type  of  which  was  taken  at  55°  57'  S.,  16°  14'  E.  This 
species  is  very  nearly  allied  to  Teuthowenia  megalops  (Prosch),  a  species  of 
the  North  Atlantic  which  has  been  found  at  various  points  from  Green¬ 
land  to  the  south  of  the  Canaries.  A  specimen  of  Moroteuthis  ingens  E.  A. 
Smith  was  taken  at  the  surface  off  Three  Kings  Island.  Pfeffer  enumerates 
thirteen  Patagonian  examples  of  this  species  preserved  in  various  museums. 
Hoyle  records  an  example  from  the  South  Orkneys.” 

Of  the  above  species  only  Tremoctopus  violaceus  has  been  previously 
recorded  from  the  New  Zealand  region.  The  authoress  states  that  the 
“  Terra  Nova  ”  captures  off  Three  Kings  Island  are  the  most  southerly 
records  of  this  species,  but  Suter  states  in  the  Manual  that  a  specimen  was 
taken  off  the  Great  Barrier  Island.  J.  A.  T. 

Crustacea  :  Part  I— Decapoda,  by  L.  A.  Borradaile.  Zool.,  vol.  3, 
No.  2,  pp.  75-110. 

A  list  of  twenty-nine  species  of  crabs  taken  at  or  near  the  north  end  of 
the  North  Island  is  given,  of  which  twelve  are  new,  including  one  new  genus. 
“  Nearly  all  the  others  have  already  been  recorded  from  New  Zealand  waters. 
Of  those  which  have  not,  Aegeon  cataphractus  is  a  very  widely  distributed 
species  whose  appearance  need  cause  little  surprise.  The  specimen  which 
I  have  doubtfully  referred  to  Arctus  immaturus  indicates,  if  the  reference 
be  correct,  the  occurrence  of  a  Cape  Verde  species  near  New  Zealand.  In 
the  moderately  deep  water  to  the  north  of  New  Zealand  there  is  evidently 
a  very  rich  and  varied  decapod  fauna,  which  well  deserves  the  attention 
of  New  Zealand  zoologists.” 

Of  the  shrimp  Crangon  antarcticus  Pfeffer  a  new  variety  (gracilis)  is 
described,  and  the  affinities  of  the  species  are  considered  at  some  length 
owing  to  the  evidence  it  is  supposed  to  show  in  favour  of  “  bipolarity,” 
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as  the  Antarctic  shrimp  certainly  comes  nearer  to  species  of  Crangon  in 
northern  seas  than  to  other  allied  species  in  the  south.  Borradaile’s  con¬ 
clusion  is  as  follows  :  “  The  best  solution  of  the  problem  of  expressing  its 
affinities  in  the  terms  of  systematic  zoology  is  that  of  Coutiere,  who  has 
proposed  to  institute  for  it  a  new  subgenus,  Notocrangon.  The  facts  suggest 
that  the  common  ancestor  of  Crangon  gave  rise  on  the  one  hand  to  Crangon 
s.  str.,  and  on  the  other  to  a  stock  from  which  Notocrangon  has  departed 
less  far  than  Sclerocrangon.  On  the  face  of  it,  this  theory  lends  some 
support  to  the  hypothesis  of  bipolarity,  though  that  is,  of  course,  not  its 
only  possible  explanation.” 

Crustacea  :  Part  II — Porcellanopagurus,  an  Instance  of  Carcinization. 

Zool.,  vol.  3,  No.  3,  pp.  111-26. 

A  full  account  is  given  of  the  characters  of  the  genus  Porcellanopagurus , 
a  peculiar  genus  of  hermit-crab  of  which  only  four  species  are  known, 
a  specimen  of  the  type  species  P.  edwardsi  Filhol  having  been  taken  by 
the  “  Terra  Nova  ”  off  the  northern  end  of  New  Zealand.  Though  by  origin 
a  hermit-crab,  Porcellanopagurus  has,  in  habits,  appearance,  and  structure, 
become  crab-like,  and  in  the  paper  a  full  discussion  is  given  of  the  means 
by  which  this  has  been  brought  about,  and  a  comparison  of  the  similar 
process  in  parallel  lines  of  development. 

Crustacea  :  Part  III — Cirripedia,  by  L.  A.  Borradaile.  Zool.,  vol.  3, 
No.  4,  pp.  127-36. 

The  “  Terra  Nova  ”  brought  back  only  fourteen  species  of  barnacles. 
Of  these,  five  are  described  as  new,  though  in  the  case  of  four  of  these  lack 
of  knowledge  leaves  room  for  doubt.  Seven  of  the  species  are  from  the 
neighbourhood  of  New  Zealand ;  and  another,  taken  from  the  hull  of  the 
“  Terra  Nova  ”  when  the  ship  was  in  Lyttelton  Harbour  before  leaving  for 
the  Antarctic,  is  described  as  a  new  species,  Lepas  ajfinis.  The  same  form 
had  previously  been  described  by  Jennings  as  a  new  variety  of  Lepas  anati- 
fera  Linnaeus  {Trans.  N.Z.  Inst.,  vol.  47,  p.  288). 

The  most  interesting  species  is  Hexelasma  antarcticum  sp.  nov.,  described 
from  valves  of  a  large  balanid  barnacle  “  in  glacier  30  ft.  above  sea-level,” 
at  Evans  Cove,  Terra  Nova  Bay,  Victoria  Land.  The  longest  valve  would 
measure  if  complete  nearly  90  mm.  From  the  appearance  of  the  valves  it 
is  not  possible  to  decide  whether  they  are  Recent  or  fossil,  and  yet  the  nearest 
known  relative  of  the  species  is  H.  aucklandicum  Hector,  from  the  Miocene 
of  New  Zealand.  No  Tertiary  rocks  are  known  from  the  neighbourhood 
of  the  glacier  in  which  the  valves  were  found,  though  it  is  possible  that  in 
its  course  the  glacier  is  in  contact  with  Tertiary  rocks.  Decision  on  the 
question  and  on  the  bearing  of  the  facts  upon  the  history  of  the  Antarctic 
Continent  is  left  to  the  geologists. 

Crustacea  :  Part  IV  —  Stomatopoda,  Cumacea,  Phyllocarida,  and 

Cladocera,  by  W.  T.  Caiman.  Zool.,  vol.  3,  No.  5,  pp.  137-62. 

Only  a  few  species  of  these  groups  were  obtained,  and  none  presents 
general  points  of  interest  except  Nehalia  longicornis  G.  M.  Thomson,  the 
only  representative  of  the  Phyllocarida.  This  species  is  widely  distributed 
in  southern  seas,  and  is  closely  allied  to  the  northern  N.  bipes.  Thiele, 
who  considered  it  distinct,  distinguished  a  number  of  subspecies.  The 
“  Terra  Nova  ”  obtained  three  specimens :  one,  from  the  entrance  to  McMurdo 
Sound,  agrees  in  character  with  the  subspecies  magellanica ;  the  other  two, 
from  the  north  of  New  Zealand,  show  some  of  the  characters  that  are  sup¬ 
posed  to  distinguish  N.  longicornis  from  N.  bipes,  but  agree  with  the  latter 
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species  in  another  character.  As  the  author  remarks,  it  is  evident  that 
further  study  of  more  abundant  material  is  necessary  for  the  proper  classifi¬ 
cation  of  the  “  forms  55  of  Nebalia.  C.  C. 

The  Mount  Hector  Track,  by  H.  E.  Girdlestone.  Extract  from  Report  of 
the  Lands  and  Survey  Department,  1914-15,  6  pp.,  map  and  illustrations, 
Wellington,  1916. 

This  paper  is  in  its  original  form  entitled  “  A  Trip  across  the  Tararua 
Ranges  from  Grey  town  to  Otaki,”  and  this  title  indicates  the  subject- 
matter,  which  is  a  chatty  account  of  an  actual  journey  across  the  range. 
The  route  is  carefully  described,  and  the  paper  ought  to  prove  very  useful 
to  those  who  wish  to  make  the  traverse.  It  is  accompanied  by  a  folded 
map,  16  in.  by  12  in. 


New  Maps. 

South  Island,  N.Z. ;  North  Island,  N.Z.  [10  miles  =  1  in.].  Lands  and 
Survey  Department,  Wellington,  not  dated.  [Price,  22s.  6d.  each.] 

These  maps  show  land-district  and  county  boundaries,  and  the  counties 
are  differently  coloured.  Relief  is  shown  by  means  of  hachures.  The 
maps  are  drawn  by  W.  Deverell. 

Plan  of  Tongariro  National  Park  [2  miles  ==  1  in.].  Lands  and  Survey 
Department,  Wellington,  1917 ;  price,  2s.  6d. 

Enlarged  maps  of  Tongariro  and  vicinity  (scale,  J  mile  —  1  in.),  the 
summit  of  Ruapehu,  and  the  summit  of  Ngauruhoe  are  on  the  back. 

C.  A.  C. 


SPECIFICATIONS  OF  PATENTS. 

Metallurgical  and  Mineral  Industries. 

Below  are  given  short  titles  of  recent  patents  which  may  possibly  have 
a  bearing  on  New  Zealand  industries,  and  may  be  otherwise  overlooked  by 
our  readers.  The  full  specifications  may  be  consulted  at  the  Patent  Office, 
Wellington.  Printed  copies  of  British  specifications  may  be  obtained  from 
the  Patent  Office  Sales  Branch,  23  Southampton  Buildings,  Chancery  Lane, 
London  S.W. ;  price,  6d.  per  copy,  plus  postage.  Printed  copies  of  Austra¬ 
lian  specifications  may  be  obtained  from  the  Commissioner  of  Patents, 
Melbourne ;  price,  Is.,  including  postage.  The  specifications  of  inventions 
for  which  patents  have  been  applied  in  New  Zealand  are,  unfortunately,  not 
printed,  but  may  be  seen  at  the  Patent  Office,  Wellington.  Abridgments 
are  printed  in  the  Patent  Office  Journal ,  published  fortnightly.  Manuscript 
copies  of  all  specifications  are  obtainable  from  the  Patent  Office  on  payment 
of  the  cost  of  copying,  which  may  be  ascertained  on  application. 

Refining  of  iron.  Rollason.  U.K.  109178. 

Method  of  autogenous  welding  or  fusing  of  nickel  and  alloys  containing  a  high  per¬ 
centage  of  nickel.  Samesreuther,  and  the  firm  Autogenwerk  Sirius.  U.K.  24646, 
1914.- 

Method  of  soldering,  and  apparatus  therefor.  Smith  and  Watson.  U.K.  108623. 
Smelting-furnaces.  Lundberg.  U.K.  108498. 

Furnaces  for  refining  metals.  Kermode  and  Miller.  U.K.  108782. 

Electrodes  as  used  for  welding  purposes.  Irvine.  U.K.  108789. 

Means  for  the  heat  treatment  of  metals.  P.  Winn  and  Wilkes.  U.K.  108826. 
Apparatus  for  treating  ores  and  other  materials.  Hovland.  U.K.  100681  and  105571. 
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Apparatus  for  treating  ores  and  other  materials  under  pressure.  Hovland.  U.K. 
100545. 

Manufacture  of  a  porous  mineral  product  for  use  in  chemical  and  electrical  operations, 
as  a  refractory  material  and  other  purposes.  Barrett.  U.K.  108619. 

Treatment  of  clay.  Feldenheimer.  U.K.  108808. 

Manufacture  of  titanic-acid  products.  Wade  Titanium  Alloy  Manufacturing  Company. 

U.K.  108693.  * 

Manufacture  of  titanic-acid  pigment  products.  Wade  and  the  Titanium  Alloy  Manu¬ 
facturing  Company.  U.K.  108875. 

Manufacture  of  red  lead  and  orange  lead.  Rowe.  U.K.  108735. 

Manufacture  of  anhydrous  magnesium  chloride  alone  or  conjointly  with  other  metal 
chlorides.  Ashcroft.  U.K.  108920. 

Manufacture  of  anhydrous  magnesium  chloride.  Ashcroft.  U.K.  108755. 

Process  for  extraction  of  borax  from  mixtures  containing  boric  acid  or  borax  and  sodium 
sulphate.  Deutsche  Gold-  und  Silber  Scheideanstalt  vormals  Roessler.  U.K. 
107019. 

An  alloy.  The  Electro  Metals  Products  Company.  Cooper.  U.K.  109176. 


CORRESPONDENCE. 

Naturalization  of  Animals  and  Plants. 

Sir, — For  many  years  past  I  have  been  accumulating  materials  for  a 
History  of  the  Naturalization  of  Animals  and  Plants  in  New  Zealand,  and 
have  got  a  large  mass  of  information  ready  for  publication,  but — like  other 
non-essential  matters — this  must  be  delayed  till  the  war  is  over;  Mean¬ 
time  I  am  desirous  of  still  adding  to  my  store  of  facts,  for  at  every  turn  I 
meet  with  people  who  can  tell  me  something  hitherto  unknown  to  me  on 
the  subject.  A  vast  amount  of  information  is  already  lost,  the  pioneers 
of  settlement  having  passed  away  without,  in  most  cases,  recording  their 
observations  on  natural  phenomena.  But  it  is  desirable  that  some  concise 
record  of  this  interesting  branch  of  natural  history  should  be  kept,  and  I 
would  ask  readers  of  this  Journal  who  have  any  information  on  the  subject 
which  they  think  has  never  been  noted  if  they  will  communicate  with  me. 

Such  a  record  has  never  before  been  made  in  any  country  of  any  size, 
because  it  has  not  been  possible  to  do  it  elsewhere.  But  New  Zealand  is 
unique  in  this  respect.  The  first  European  voyagers  to  this  country  included 
scientific  men,  who  recorded  what  they  saw,  and  also  (as  far  as  they  knew) 
what  they  introduced.  So  the  later  settlement  of  the  country  and  the  vast 
changes  which  have  taken  place  in  its  fauna  and  flora  during  the  past 
hundred  and  fifty  years  can  be  followed  to  a  large  extent.  I  have  been  able 
to  amass  a  good  deal  of  information,  and  would  be  glad  to  make  the  record 
as  complete  as  possible. 

The  record  refers  not  only  to  plants  and  animals  which  have  been  intro¬ 
duced  and  naturalized,  but  also  to  those  which  have  not  succeeded  in 
establishing  themselves,  for  this  is  as  interesting  to  the  naturalist  as  is 
the  case  of  those  which  are  now  “  wild  ”  in  the  country. 

It  may  interest  the  readers  of  the  Journal  to  know  that  the  record  deals 
with  over  six  hundred  species  of  animals,  and  fully  as  many  plants.  The 
former  range  from  the  mammalia  down  to  and  including  the  worms,  my 
last  entry  referring  to  the  medicinal  leech ;  and  the  latter  include  all  groups 
of  flowering-plants  and  ferns. 

Geo.  M.  Thomson. 

99  Eglinton  Road,  Dunedin. 
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SCIENTIFIC  PUBLICATIONS — continued. 
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THE  FROZEN-MEAT  INDUSTRY  OF  NEW  ZEALAND 

(Continued  from  page  166). 


By  M.  A.  Eliott. 

Space  will  not  permit  me  to  do  more  than  briefly  allude  to  the  docks, 
methods  of  unloading,  and  means  of  distribution,  &c.,  in  Great  Britain. 
The  magnitude  of  the  undertaking  is  enormous.  In  London  alone  the 
cool  stores  now  have  a  capacity  for  3,000,000  carcases.  The  first  mention 
of  a  public  cool  store  in  London  was  a  small  building  in  Charterhouse  Street 
in  about  1880  ;  and  it  is  very  interesting  to  learn  that  considerable  oppo¬ 
sition  was  raised  to  this  building,  on  the  grounds  that  4 4  The  Court  should 
therefore  be  careful  not  to  start  or  encourage  a  new  industry  for  preserving 
that  in  which  decay  has  taken  place.”  How  little  conception  the  man  who 
made  that  speech  had  of  the  future  !  The  first  dock  cool  store  was  at 
A  Jetty,  Victoria  Dock,  in  1881,  with  a  capacity  for  44,000  carcases. 
Since  1909  all  dock  stores  have  been  taken  over  and  administered  by  the 
Port  of  London  Authority. 

In  1883  a  cold  store  was  established  in  the  vaults  under  the  poultry- 
market  at  Smithfield,  but  was  a  failure.  Later  the  Central  Markets  Cold 
Storage  Company  was  formed,  and  stores  were  built  in  King  Street  and 
Poplar.  In  1885  Nelson  Bros,  built  a  store  in  the  arches  under  the  Cannon 
Street  Railway-station,  and  in  1892  a  large  store  in  Commercial  Road, 
Lambeth,  with  a  capacity  for  250,000  carcases.  Both  these  stores  after¬ 
wards  passed  to  the  Colonial  Consignment  and  Distributing  Company. 

The  Union.  Cold  Storage  Company  (the  largest  of  any  storage  company 
in  the  world)  now  have  stores  in  London,  Liverpool,  Manchester,  Hull, 
and  Glasgow,  with  capacities  for  millions  of  carcases,  and  could  comfortably 
hold  a  year’s  shipments  from  New  Zealand.  The  refrigerating  machinery 
has  a  total  refrigerating-power  of  3,000  carcases  per  day. 

In  addition  to  the  above  are  the  cold  stores  of  Borthwicks,  Eastmans, 
Nelson  Bros.,  River  Plate  Company,  Sansinenas,  and  others. 

There  are  over  a  hundred  towns  in  the  United  Kingdom  with  public 
cool  storage,  and  the  total  available  storage  is  over  8,500,000  carcases. 

Usually  75  per  cent,  of  frozen  meat  is  marketed  within  a  month  of 
arrival,  although  at  times  it  is  held  for  six  months  and  even  more. 

The  principal  dock  stores  are  at  Victoria  and  Albert  Docks,  and  steamers 
discharge  direct  into  these  ;  the  chief  railways  run  alongside,  the  meat 
being  loaded  into  railway-wagons  for  distribution  in  the  provinces. 
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Frozen  meat  is  conveyed  from  the  docks  to  the  Smithfield  and  other 
city  stores  by  insulated  vans  holding  about  120  carcases,  or  river  barges 
holding  1,000  to  1,200  carcases.  Originally  cold-storage  rates  were  fd.  per 
pound  per  twenty-eight  days,  but  in  1891  the  rate  was  reduced  to  Jd.  per 
pound  or  £1  0s.  9d.  per  ton,  with  practically  little  change  since. 

Mention  cannot  be  omitted  of  the  great  Smithfield  Meat-market.  It  is 
not  a  long  call  from  the  day  in  February,  1880,  when  the  “  Strathleven’s  ” 
cargo  of  40  tons  of  frozen  meat  was  sold  at  Smithfield  ;  but  compare  this 
small  beginning,  only  thirty-six  years  ago  (1916),  with  the  250,000  tons  of 
frozen  meat  now  handled  there  annually  ! 

The  London  central  markets  at  Smithfield  as  a  whole  occupy  about 
10  acres.  The  main  building  is  600  ft.  by  240  ft.  The  central  avenue  is 
27  ft.  wide,  and  there  are  six  side  avenues.  Each  shop  is  36  ft.  by  15  ft., 
and  behind  is  an  office.  The  average  daily  sales  of  meat  at  Smithfield  in 
1910  were  24,000  carcases  of  mutton  and  lamb,  2,700  quarters  beef,  and 
2,500  carcases  pork. 

As  mentioned  before,  insulated  vans  bring  the  meat  from  the  cool  stores 
to  Smithfield,  and  they  start  to  load  up  at  10  p.m.  and  reach  the  market 
at  abouf  3  a.m.  The  salesmen  arrive  before  4  a.m.,  at  which  time  the 
retailers  begin  to  come  along,  eager  to  purchase  their  requirements  for 
their  customers.  Sample  carcases  are  unclothed  and,  hung  up,  and  from 
these  up  to,  say,  200  carcases  are  sold  at  a  time.  The  buyers  are  suburban 
butchers,  representatives  of  large  stores,  Government  contractors,  restaurant- 
keepers,  &c.  The  retail  meat  trade  in  England  is  divided  between  the 
butchers  who  kill  their  animals  at  their  own  slaughterhouses  and  those 
who  purchase  their  requirements  in  the  markets. 

When  frozen  meat  was  first  handled  at  Smithfield,  and  for  many  years 
afterwards,  it  was  sold  bv  agents  on  commission ;  but  the  American  firms 
came  on  the  scene  and  decided  to  sell  for  themselves,  so  they  acquired 
various  stalls  in  the  Grand  Avenue,  paying  heavy  sums  for  goodwill. 

It  is  recorded  that  the  Morris  Beef  Company  paid  £16,000  for  the  good¬ 
will  of  the  lease  of  one  of  their  three  shops.  The  Hammond  Beef  Company 
has  two  stalls  ;  Armours  hold  four  ;  Swifts  have  six.  It  is  known  that 
this  latter  firm  paid  £12,000  for  the  goodwill  of  the  lease  of  one  only  of 
these  six  stalls. 

Among  the  largest  British  firms  are  James  Nelson  and  Sons  (Limited), 
who  own  about  1,500  shops  in  the  United  Kingdom  ;  Eastmans  (Limited), 
about  1,400  ;  the  Biver  Plate  Fresh  Meat  Company  and  W.  B.  Fletcher 
(Limited),  over  400  each  ;  and  the  London  Central  Meat  Company,  over 
500.  It  is  calculated  that  there  are  over  100,000  butchers’  shops  in  the 
United  Kingdom,  and  that  80  per  cent,  of  imported  meat  is  sold  by  firms 
who  sell  no  other  kind  of  meat. 

It  must  not  be  lost  sight  of  that  New  Zealand’s  shipments  of  frozen 
meat  (large  as  they  are)  were  only  22  per  cent,  of  the  total  imports  of  meat 
in  the  United  Kingdom  before  the  war.  , 

Smithfield  has  participated  in  all  the  ups  and  downs  of  the  trade,  and 
all  the  problems  of  the  industry  virtually  take  their  rise  there.  The  New 
Zealand  farmer  who  ships  frozen  meat  looks  upon  Smithfield  as  his  Mecca, 
and  visitors  from  all  parts  of  the  world  are  constantly  seen  there.  Smith- 
field,  or  “  Smoothfield  ”  as  it  was  termed  in  mediaeval  days,  is  rich  in  historical 
romance.  In  the  days  of  the  tournaments  St.  Bartholmew’s  Fair  was  held 
there ;  in  the  days  of  Mary  and  Elizabeth,  Catholics  and  Protestants  burnt 
each  other  there  by  turn  ;  and  it  was  the  fashionable  place  for  public 
executions  before  Tyburn  became  the  mode.  As  a  market  for  live-stock 
we  hear  of  Smithfield  in  1150.  In  1253  the  market  was  the  property  of 
the  Corporation,  and  Edward  III  gave  a  charter  to  the  City  of  London 
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not  to  allow  other  parties  to  set  up  a  market.  Even  in  those  days  the 
market  price  of  food  was  regulated  by  the  authorities.  In  1533  it  was 
enacted  that  butchers  should  sell  their  beef  at  not  above  -|d.  per  pound, 
and  mutton  fd.  Before  that  time  pieces  of  beef  weighing  3  lb.  and  over 
could  be  bought  for  Id.  per  piece.  Compare  these  prices  with  those  paid 
at  the  present  day!  One  of  the  features  of  St.  Bartholomew’s  Fair  was  the 
enormous  sale  of  roast  pork.  Beef  sausages  came  into  use  in  1750,  and 
have  been  more  or  less  fashionable  ever  since. 

It  is  interesting  to  learn  that  in  1750  the  average  weight  of  oxen  was 
370  lb.,  and  of  sheep  28  lb.,  or  only  about  half  the  average  weight  at  the 
present  day. 

In  1853  the  live-stock  market  at  Sinitlifield  was  stopped.  Before  then 
it  must  have  been  an  extraordinary  sight  to  witness  the  whole  of  the 
6  acres  and  approaching  streets  (even  blocking  up  the  passages  as  far  as 
St.  Sepulchre’s  Church)  crammed  on  the  last  market-day  before  Christmas 
with  over  4, 000. oxen  and  30,000  sheep  ;  and  yet  Smithfield  is  only  a  few 
minutes’  walk  from  St.  Paul's  and  the  heart  of  London.  There  was  tre¬ 
mendous  congestion,  and  the  surroundings  were  filthy  and  criminal  beyond 
description. 

How  little  those  knights  in  armour  who  charged  across  Smithfield  in 
the  tournaments,  or  the  martyrs  waiting  to  be  burnt  at  the  stake,  or  the 
highwaymen  led  up  for  public  execution,  thought  that  one  day  hundreds 
of  thousands  of  carcases  of  sheep  and  lambs  and  quarters  of  beef  from  over 
twelve  thousand  miles  away  at  the  other  side  of  the  world  (not  even  then 
heard  of)  would  occupy  the  place  they  lived  and  fought  and  died  in.  The 
Smithfield  of  old  was  the  popular  and  fashionable  place  of  resort  for  jousts, 
tournaments,  executions,  and  burnings  :  now  it  is  synonymous  with  the 
material  industrial  progress,  trade,  and  expansion  of  the  British  Empire. 
“Verily,  this  is  a  strange  world,  my  masters.’’  And  who  can  say  that  the 
next  two  or  three  hundred  years  will  not  bring  about  even  more  extra¬ 
ordinary  changes  ? 

Interesting  pages  could  be  written  about  the  distribution  of  meat  in  the 
provinces,  and  at  the  large  ports  such  as  Liverpool,  Glasgow,  Hull,  &c.  ; 
also  regarding  the  attempts  to  introduce  frozen  meat  into  France,  Germany, 
Belgium,  Italy,  and  other  Continental  countries ;  but  space  will  not  permit. 
There  is  no  doubt,  however,  that  as  a  result  of  the  present  war  the  flocks 
and  herds  of  Europe  will  be  greatly  reduced,  and  when  trade  settles  down 
again  fresh  outlets  for  unlimited  quantities  of  our  frozen  meat  will  be  opened 
up  in  almost  virgin  soil — not  only  in  Europe,  but  in  China,  Japan,  and  India. 
The  position  regarding  the  shortage  of  meat  in  the  European  countries  was 
acute  before  the  war  began,  and  communities  rebelled  against  the  enormously 
high  prices  of  butchers’  meat.  Serious  disturbances  took  place  in  Austria, 
France,  and  other  countries  ;  the  mob  in  Vienna  shouted  “  Give  us  frozen 
meat.”  It  is  interesting  to  note  that  in  the  United  Kingdom  the  number 
of  sheep  has  actually  increased  since  the  war  began.  In  England  and 
Wales  alone  there  was  an  increase  of  nearly  half  a  million. 

1915.  1916.  Increase. 

Breeding-ewes  ..  6,871,740  7,047,110  175,370 

Other  sheep  ..  10,650,840  10,904,010  253,170 


17,522,580  17,951,120  428,540 


Another  fact  not  generally  known  is  that  there  are  more  sheep  in  the 
United  Kingdom  than  there  are  in  New  Zealand. 

The  enormous  gain  to  the  Argentine  and  Australasia  when  the  new 
custom  from  the  above  countries  is  won,  and  the  magnitude  of  the  need 
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for  the  diversion  of  heavy  supplies  from  existing  markets,  is  clear  to  those 
connected  with  the  frozen-meat  market. 

The  total  number  of  insulated  steamers  engaged  in  carrying  meat  from 
New  Zealand  in  1914  was  54  regular  boats  and  17  occasional  ones.  The 
54  boats  trading  between  New  Zealand  and  United  Kingdom,  and  nowhere 


[£.  Taylor,  Dept.  Agriculture,  photo. 

Fig.  3. — Method  of  dividing  carcases  of  mutton  and  lamb 
to  save  shipping-space. 

else,  averaged  about  two  and  a  half  trips  per  annum,  while  the  other  17 
steamers  sometimes  loaded  in  South  America  and  Australian  ports  instead 
of  New  Zealand,  so  that  these  could  be  averaged  at  about  one  trip  per  annum. 
The  total  carrying-capacity  of  the  54  regular  traders  was  5,361,300  carcases 
of  56  lb.,  and  the  17  boats  1,545,700  carcases.  The  average  carrying-space 
of  the  54  vessels  was  almost  100,000  carcases  per  trip,  the  highest  being 


1918.]  The  N.Z.  Journal  of  Science  and  Technology.  197 

138,000  and  the  lowest  75,000.  So,  presuming  that  these  steamers  were 
loaded  to  their  full  capacity  all  the  year  round  (which  they  were  not),  they 
would  be  able  to  lift  nearly  15,000,000  56  lb.  carcases  (or  say  14,000,000 
60  lb.  carcases)  from  New  Zealand  per  annum.  But,  as  the  total  shipments 
from  New  Zealand  in  1914  were  about  6,000,000  carcases,  it  is  evident  that 
there  was  ample  shipping-space  then  for  all  the  meat  available. 

But  the  war  has  greatly  changed  the  position.  The  British  Admiralty 
has  commandeered  practically  the  whole  of  the  mercantile  marine  of  the 
British  Empire,  and  a  number  of  our  insulated  steamers  have  been  sunk 
by  the  enemy  or  wrecked.  On  the.  other  hand,  new  steamers  are  in  course 
of  construction,  and  if  these  can  be  completed  within  a  reasonable  time 
they  will  more  than  compensate  for  those  lost. 


[S.Taylor.  Dept.  Agriculture,  photo , 

Fig.  4.— Carcases  divided,  as  shown  in  fig.  3,  stacked  in  a  ship’s  hold. 


The  number  of  insulated  steamers  carrying  meat  from  Australia  was  71, 
with  carrying-capacity  of  3,643,000  carcases  ;  and  from  South  America 
69,  with  carrying-capacity  of  5,672,800  carcases.  The  average  carrying- 
capacity  of  Australian  meat-steamers  was  only  51,000  carcases,  as  com¬ 
pared  with  82,000  on  boats  from  South  America  and  nearly  100,000  from 
New  Zealand. 

In  addition  to  the  vessels  regularly  engaged  in  the  New  Zealand,  Aus¬ 
tralian,  and  South  American  trade,  there  were  in  1914  some  27  steamers 
fitted  with  refrigerating  machinery  but  not  then  engaged  in  carrying  frozen 
meat  to  the  United  Kingdom.  These  27  boats  had  a  capacity  for  3,191,900 
carcases,  so  that  we  had  a  total  of  238  insulated  steamers  engaged  in  the 
frozen-meat  trade  of  the  world,  capable  of  carrying  19,415,100  carcases  per 
trip,  the  average  being  82,000  carcases. 

If  the  war  has  done  no  other  good  it  certainly  has  caused  the  erection 
of  enormously  increased  frozen-meat  storage  in  the  Dominion,  the  total 
storage  now  being  equal  to  over  six  million  601b.  carcases,  or  just  about 
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a  normal  year’s  total  export.  So  that,  provided  the  works  started  a  season 
with  empty  chambers,  they  could  now  go  on  killing  for  a  whole  season 
without  more  than  filling  up  their  available  storage.  This  is  a  most  satis¬ 
factory  state  of  affairs  not  only  under  present  war  conditions,  but  it  means 
that  when  the  war  is  concluded  and  trade  becomes  normal  it  will  not  be 
necessary  to  rush  all  our  season’s  output  into  the  Home  markets  during 
about  six  months  of  the  year,  but,  on  the  contrary,  we  shall  be  able  to 
spread  the  shipments  more  evenly  over  the  twelve  months,  and  thus  avoid 
fluctuations  in  prices  caused  by  large  shipments  being  all  dumped  on  the 
market  during  a  limited  period. 

Another  effect  of  the  shortage  in  works  and  steamer  space  caused  by 
the  war  is  the  saving  of  approximately  20  per  cent,  in  the  storage  of  mutton 
and  lamb  by  dividing  the  carcase  in  two,  immediately  behind  the  saddle, 
the  hind  part  being  packed  into  the  hollow  of  the  fore  part.  (See  figs.  3 
and  4.)  On  a  601b.  carcase  the  weight  of  the  hind  part  cut  off  is  201b. 
to  22  lb.,  and  this  is  packed  into  what  would  be  an  otherwise  empty  space. 

The  quantity  of  stock  slaughtered  in  New  Zealand  shows  a  very  large 
increase  for  the  years  ending  30th  June,  1914 — i.e.,  before  the  war — com¬ 


pared  with  1916 

1914. 

1916. 

Increase. 

Cows 

75,071 

157,138 

82,067 

Oxen  and  heifers 

132.307 

181,995 

49,688 

Bulls 

11,808 

15,501 

3,693 

Calves 

24,470 

31,374 

6,904 

Sheep 

..  3,269,456 

3,521,264 

251,808 

Lambs 

..  3,030,189 

3,948,205 

909,016 

The  increase  in  the 

number  of  cows 

slaughtered  is 

remarkable, 

over  100  per  cent.  more. 

Notwithstanding  this  enormous  increase  in  stock  killed,  the  latest  returns 
of  live-stock  in  New  Zealand  show  considerable  growth. 

The  following  table  shows  the  number  of  cattle  and  sheep  in  New  Zea¬ 
land  at  various  periods  from  1858  to  1917  : — 


Year. 

Cattle. 

Sheep  and 
Lambs. 

Killed  for  Export. 

Cattle. 

Sheep  and 
Lambs. 

1858 

137,204 

1,523.324 

No  record 

No  record. 

1861 

193.285 

2,761.383 

?? 

3? 

1871 

436.592 

9,700.629 

?? 

3  3 

1881 

698,637 

12,985.085 

?  ? 

53 

1891 

831,831 

18.128,186 

?? 

33 

1901 

1,256.680 

19.355,195 

?  5 

3  3 

1911 

2,020,171 

23,996.126 

3? 

6,033,587 

1914 

No  record 

24,798,763 

109,679 

6,411,987 

1915 

24,901,421 

182.120 

6.214,451 

1916 

2,417,491 

24.788.150 

211.331 

6,735.858 

1917 

2,575,230 

25,270,386 

243,746 

6,162,000 

In  addition  to  quantities  shown  above  for  export,  about  1,500,000  sheep 
and  500,000  lambs  are  slaughtered  annually  for  consumption  in  New  Zealand. 
This  is  equal  to  about  1101b.  per  head  per  annum,  without  beef. 

Referring  to  the  increase  in  quantity  of  stock  in  England,  the  latest 
returns,  collected  in  June,  1916,  show  a  very  satisfactory  state  of  affairs. 
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The  schedule  attached  shows  that  cattle  in  England  and  Wales  in  1916 
were  over  151,000  more  than  in  1915. 


Cattle 

Sheep 


1915. 

6,064,150 

17,522,580 


1916. 

6,215,780 

17,951,120 


Increase 
per  Cent. 

2-5 

24 


This  increase  in  cattle  is  the  largest  ever  recorded.  Pigs,  on  the  other 
hand,  decreased  by  252,090 — 104  per  cent. 

The  estimated  figures  for  the  whole  of  the  United  Kingdom  are  : — 


Cattle 

Sheep 

Pigs 


1915. 

12,130,775 

28,182,088 

3,783,994 


1916. 

12,412,221 

28,053,825 

3,605,229 


281,446  increase. 
128,263  decrease. 
178,765  decrease. 


So  that  the  increase  in  cattle  is  just  over  2  per  cent.,  while  in  sheep  and 
pigs  there  are  slight  decreases.  This  increase  is  probably  due  to  the 
Maintenance  of  Live-stock  Order,  and  it  may  show  even  a  better  result 
next  year.  But  the  main  point  is  that  there  is  no  prospect  of  increased 
supplies  for  killing  purposes. 

For  some  years  prior  to  the  war  persistent  rumours  were  in  circulation 
in  New  Zealand  regarding  the  advent  of  the  American  meat-packing  com¬ 
panies  or  their  agents  into  this  country.  It  was  difficult  to  obtain  any  proof 
of  the  correctness  of  these  rumours,  although  it  was  generally  felt  in  frozen- 
meat  circles  that  there  was  a  good  deal  of  ground  for  the  statements  that 
were  made  from  time  to  time. 

.  While  the  Prime  Minister,  the  Right  Hon.  W.  F.  Massey,  and  Sir  Joseph 
Ward  were  in  London  in  1917  strong  representations  were  made  to  them 
regarding  the  operations  of  the  “  Meat  Trust  ”  in  New  Zealand,  and  on  their 
return  the  Prime  Minister  announced  that  a  Royal  Commission  would  be 
set  up  to  inquire  into  the  matter.  Accordingly  the  Meat -export  Trade 
Committee,  consisting  of  sixteen  members  of  the  House  of  Representatives, 
was  appointed  on  the  20th  July,  1917,  “to  inquire  into  and  report  upon 
the  present  position  and  future  prospects  of  the  export  meat  trade  of  the 
Dominion,  and  more  particularly  the  operations  of  the  organization  known 
as  the  American  Meat  Trust.” 

The  Committee  held  twenty-three  meetings,  and  examined  twenty-nine 
witnesses,  together  with  voluminous  correspondence.  The  findings  were 
inconclusive,  but  some  important  recommendations  were  made,  and  it  is 
to  be  hoped  that  the  Government  will  give  effect  to  these  by  passing  the 
necessary  legislation.  The  most  important  of  these  recommendations 
were  : — 

(2.)  That  the  Government  promote  legislation  generally  (a)  to  control  monopolies, 
( b )  to  prevent  unfair  trading  by  freezing  companies  or  shipping  companies,  and  (c)  to 
provide  for  issuing  licenses  to  freezing- works  and  the  business  of  meat-exporters  ; 
(d)  dealing  with  shipping  as  common  carriers  ;  (e)  making  charges  of  carriers  just  and 
reasonable  ;  (/)  preventing  undue  preference  ;  (gr)  prohibiting  pooling  of  freights  and 
earnings  ;  and  ( h )  providing  that  common  carriers  shall  print  and  exhibit  schedules. 

(7.)  That  special  care  be  taken  to  see  that  foreign  firms  and  their  agents,  and  also 
companies  registered  in  New  Zealand  with  small  capital,  which  carry  on  large  businesses 
by  means  of  outside  financial  support,  shall  not  escape  taxation  on  the  grounds  that 
small,  if  any,  profits  are  made  on  their  trading  in  the  Dominion.  Provision  should  be 
made  that  such  firms  shall  be  taxed  to  an  amount  riot  less  than  is  paid  by  New  Zealand 
firms  not  so  financed  or  controlled. 


For  muck  of  the  information  regarding  the  early  history  and  develop¬ 
ment  of  the  frozen-meat  trade  I  am  indebted  to  Messrs.  Critchell  and 
Raymond’s  admirable  work  entitled  “  A  History  of  the  Frozen-meat  Trade,” 
and  to  the  secretary  of  the  Canterbury  Frozen  Meat  Company. 
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In  the  foregoing  pages  I  have  endeavoured  to  trace  the  birth  and  growth 
of  the  great  frozen-meat  industry  of  New  Zealand.  Some  writers  have 
stated  that  we  have  reached  the  maximum  export  of  meat  from  this  country, 
but  I  cannot  believe  that  this  is  correct.  While  no  doubt  dairying  has  now 
taken  up  a  very  large  area  of  land  formerly  used  for  breeding  and  fattening 
stock,  still  the  millions  of  acres  awaiting  settlement  and  closer  farming, 
and  the  greatly  enhanced  prices  of  meat  (with  the  probability  of  it  continu¬ 
ing),  will  result  in  much  greater  production.  Every  year  will  see  an 
expanding  demand  for  meat  food  among  the  nations  of  the  Old  World. 
North  America  is  hardly  producing  sufficient  for  her  own  wants,  so  that 
the  world’s  supply  must  be  looked  for  in  the  Southern  Hemisphere. 


RAT  TRYPANOSOMES  IN  NEW  ZEALAND. 

Bv  A.  B.  Dore. 

The  blood-parasite  Trypanosoma  lewisi  (Kent),  discovered  in  1877  by 
T.  Lewis,  has  since  been  recorded  from  most  parts  of  the  world,  but  not 
from  New  Zealand.  It  is  transmitted  from  host  to  host  by  fleas  and  lice, 
which,  after  sucking  blood  from  an  infected  rat,  inoculate  the  virus  into  a 
healthy  one. 

Since  the  discovery  of  the  parasite  in  the  Auckland  District  in  1912 
the  routine  blood-examination  of  several  hundred  rats  caught  in  various 
parts  of  the  North  Island  has  shown  that  many  of  them  harbour  trypano¬ 
somes  the  measurements  of  which  correspond  with  those  obtained  elsewhere 
for  Trypanosoma  lewisi.  The  percentage  of  infected  rats  from  various 
districts  and  places  differs  ;  thus,  of  those  caught  in  the  neighbourhood  of 
sewers  30  per  cent,  are  affected,  as  against  12  per  cent,  for  those  captured 
on  wharves  and  in  grain-stores.  The  trypanosomes  are  often  very  numerous, 
and  on  one  occasion  there  was  one  to  every  four  of  the  host’s  erythrocytes. 
As  regards  the  pathological  anatomy  of  the  infected  rodents,  the  only  organ 
which  evei*  appears  abnormal  is  the  spleen,  which  is  sometimes  nearly 
doubled  in  weight. 

Regarding  the  degree  of  pathogenicity  of  this  parasite  in  wild  rats  there 
is  some  controversy  amongst  authors.  Rabinowitsch  and  Kempner*  main¬ 
tain  that,  contrary  to  what  they  have  found  in  the  case  of  white  rats,  the 
infection  is  fairly  severe  in  wild  rats,  and  sometimes  causes  death.  In  view 
of  the  fact  that  the  native  rats  introduced  by  the  Maoris  are  rapidly  dis¬ 
appearing  it  seems  possible  that  this  trypanosome  may  be  the  primary  cause, 
as  the  native  rat  may  not  have  the  immunity  which  the  European  species 
probably  possess.  Rats  are  constantly  arriving  on  these  shores  from  oversea 
liners,  and  therefore  several  strains  of  this  parasite  are  probably  in  New 
Zealand.  Owing  to  the  scarcity  of  the  native  rat  it  has  so  far  been  impossible 
to  establish  the  theory  put  forward  above. 

Further  haematological  investigations  are  being  made  in  regard  to 
various  other  animals,  both  native  and  imported,  and  it  may  be  found 
possible  to  connect  the  comparatively  rapid  disappearance  of  New  Zealand 
native  birds  with  the  introduction  of  exotic  protozoa  through  the  medium 
of  the  imported  fauna. 


*  Zeitschr.  J.  Hyg.,  Bd.  33,  p.  444,  1900- 
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FORESTRY  IN  THE  DOMINION  OF  NEW  ZEALAND.* 

By  Sir  William  Schlich,  K.C.I.E.,  F.R.S.,  M.A.  Oxon. 

Forest,  including  scrub,  originally  covered  the  greater  part  of  the  Islands, 
but  its  area  has  gradually  been  reduced.  In  1886  the  area  under  forest 
amounted  to  33,120  square  miles,  and  in  1909  to  26,678  square  miles,  being 
a  reduction  of  6,442  square  miles,  equal  to  20  per  cent.,  in  twenty-three 
years.  In  1909  the  proprietorship  of  the  forests  stood  as  follows  : — 

Sq.  Miles. 

12  per  cent,  of  total  area  =  12,357 

3  „  =  3,298 

11  „  „  =  11,023 

Total  ..  . .  26  „  =  26,678 

It  will  be  seen  that  59  per  cent,  of  the  forest  area  is  still  the  property 
of  the  State,  and  that  41  per  cent,  has  been  alienated  or  is  Maori-owned. 

The  distribution  of  the  forests  in  the  North  Island  is  fairly  even,  but 
very  uneven  in  the  South  Island.  Stewart  Island  is  nearly  all  forest  or 
scrub. 

Composition  of  the  Forests. 

Of  about  a  hundred  indigenous  species  only  a  limited  number  are  as 
yet  of  really  commercial  value.  Of  these  the  following  deserve  to  be 
specially  mentioned  : — 

1.  Kauri  ( Agathis  ( Dammam )  australis),  now  found  only  in  small  quantities  in 
the  Auckland  District  of  the  North  Island.  It  is  the  finest  tree  of  New  Zealand,  and 
it  yields  one  of  the  most  valuable  coniferous  timbers  of  the  world.  The  author  regrets 
that  this  splendid  tree  was  not  regenerated  instead  of  being  almost  exterminated. 

2.  Totara  (Podocarpus  totara )  has,  owing  to  the  quality  of  its  timber,  been  much 
reduced  in  quantity  by  milling  ;  what  remains  now  is  chiefly  found  in  the  Auckland 
and  Wellington  Districts.  It  is  to  be  hoped  that  it  will  not  share  the  fate  of  the  kauri. 
There  seems  yet  to  be  time  to  regenerate  it  systematically. 

3.  Matai  ( Podocarpus  spicatus)  is  found  in  most  localities ;  it  yields  a  valuable 
timber. 

4.  Rxmu  ( Dacrydium  cupressinum,  Red-pine),  found  universally  in  New  Zealand, 
is  consumed  in  greater  quantity  than  any  other  timber,  though  not  as  durable  as  the 
above-mentioned  species. 

5.  Kahikatea  ( Podocarpus  dacrydioides.  White-pine),  found  all  over  the  Islands  ; 
it  is  particularly  valued  for  butter-boxes  and  packing-boxes  generally. 

6.  Puriri  (Vitex  lucens)  is  the  strongest  and  most  durable  of  the  broaddeaved 
trees  of  New  Zealand ;  it  is  much  used  for  railway-sleepers. 

7.  8,  9.  Three  Species  of  Beech  (commonly  called  “  Birches  ”  in  New  Zealand), 
namely,  Red-beech  ( Nothojagus  fusca).  Black-beech  ( N .  Solanderi),  Silver-beech 
( N .  Menziesii).  They  are  chiefly  found  in  the  upper  parts  of  the  forest  area,  and  they 
are  gradually  coming  into  use,  especially  N.  fusca,  principally  for  fencing  and  mining. 
Various  other  species  are  used  in  small  quantities  for  milling,  and  more  extensively  for 
farming  purposes. 

The  forests  are  partly  pure,  but  the  greater  part  of  the  area  is  stocked 
with  mixed  forest.  The  stocking  is  very  uneven.  The  area  of  forests  fit 
for  milling  purposes  is  estimated  at  about  4,000,000  acres,  of  which  151,607 


Crown  forests 
Permanent  reserves 
Alienated  forests 


*  Slightly  abridged  from  the  Quarterly  Journal  of  Forestry,  vol.  12,  No.  1,  Jan., 
1918,  pp.  1-28. 
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were  held  in  1909  for  working  under  225  leases.  The  quantity  of  timber 
fit  for  milling  in  1909  was  estimated  as  follows,  in  millions  of  superficial 
feet : — 


Species. 

On  Crown  Land. 

On  Private  Land. 

Total. 

Kauri 

210 

276 

486 

Totara 

296 

274 

570 

Matai 

1,355 

2,069 

3,424 

Bimu .  . 

8,658 

6,692 

15.350 

Kahikatea 

1,134 

1.453 

2,587 

Beeches 

3.625 

769 

4,394 

Miscellaneous  . . 

3,147 

3,103 

6,250 

Totals 

18,425 

14,636 

33,061 

The  total  quantity,  placing  500  superficial  feet  equal  to  1  ton  of  50 
cubic  feet,  will  be  equal  to  66,000,000  tons.  As  the  total  area  of  milling- 
woods  is  given  at  4,000,000  acres,  the  average  stock  fit  for  milling  per  acre 
would  be  8,250  superficial  feet,  or  16J  tons.  Calculated  for  the  whole 
forest  area,  the  average  contents  of  milling-timber  per  acre  would  be  about 
2,000  superficial  feet,  or  4  tons. 

The  output  of  timber  in  1913  amounted  to  about  358  million  superficial 
feet.  The  imports  and  exports  in  1913  were  as  follows,  according  to  the 
Statistical  Abstracts  laid  before  the  British  Parliament :  Imports,  33,484,952 
superficial  feet ;  value,  £303,012.  Exports,  value,  £319,650.  As  regards 
value  the  two  items  are  practically  the  same.  It  is  necessary  to  point 
out  here  that  the  value  of  the  imports  per  100  superficial  feet  came  to 
just  over  18s.  The  imports  consist  chiefly  of  eucalypts  from  Australia, 
especially  ironbark  and  jarrah  ;  coniferous  timber  from  the  United  States, 
Canada,  and  the  countries  around  the  Baltic.  The  exports  were  chiefly 
kahikatea,  kauri,  rimu,  and  beech. 

Future  Management  of  the  Forests. 

As  stated  above,  the  output  in  1913  amounted  to  about  358  million 
superficial  feet.  Experience  has  shown  that  the  requirements  of  the 
Dominion  are  steadily  increasing,  and  it  has  been  estimated  that  they  will 
have  risen  to  double  the  present  amount,  or  720  million  superficial  feet, 
in  the  year  1945,  by  which  time  the  present  stock  of  milling-timber  would 
be  exhausted.  This  conclusion  was  based  on  the  assumption  that  the 
population  would  be  doubled  by  1945,  and  that  the  increment  of  the  forests 
was  far  too  slow  to  keep  pace  with  the  annual  cuttings.  Starting  from  these 
premises,  the  seriousness  of  the  position  was  recognized  some  time  ago, 
and  already  in  1896  an  Ordinance  was  passed  inaugurating  a  system  of 
State  nurseries  and  plantations,  so  as  to  make  the  country  self-sufficient 
in  the  future.  Under  this  Ordinance  operations  were  at  once  commenced, 
and  by  1909  an  area  of  12,715  acres  had  been  planted  with  a  great  variety 
of  exotic  species,  while  the  indigenous  species,  totara  and  kahikatea, 
occupied  only  about  1J  per  cent,  of  the  total  number  of  trees  so  far  planted. 
In  1909  Mr.  William  C.  Kensington,  Under-Secretary  of  Lands,  issued 
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a  valuable  report  setting  forth  the  position  of  the  forestry  question,  and 
urging  greatly  increased  action.  In  the  same  year  a  Royal  Commission 
on  the  Timber  and  Timber-building  Industries  published  a  detailed  report 
on  this  subject.  These  reports  proved  the  necessity  of  increased  action, 
and  in  1913  a  Royal  Commission  on  Forestry  was  appointed  to  inquire 
into  the  whole  question.  Their  report  was  submitted  to  the  Government 
on  the  3rd  May,  1913.  It  sets  forth  a  summary  of  the  facts,  and  makes 
proposals  which,  it  is  understood,  will  guide  the  Government  action  in  the 
future. 

Before  dealing  with  the  Commissioners’  report  it  is  as  well  to  state 
shortly  the  principal  provisions  of  the  State  Forests  Act  of  1908.  It  pro¬ 
vides,  amongst  other  matters,  powers  for — 

The  appointment  of  one  of  the  responsible  Ministers  to  he  Commissioner  of 
State  Forests  : 

The  setting-apart  of  any  Crown  forest  lands  as  State  forests: 

The  provision  of  the  necessary  funds  : 

The  granting  of  licenses  to  cut  timber  in  any  State  forest  : 

The  appointment  of  forest  officers  : 

The  promulgation  of  regulations  dealing  with  the  duties  of  Conservators  of 
Forests  ;  the  prevention  of  cutting  and  destruction  of  timber  ;  the  manner 
of  obtaining  licenses ;  the  planting  of  trees ;  the  prevention  of  fires  [in 
State  forests ;  prohibition  of  trespassing  ;  the  construction,  maintenance, 
and  use  of  roads  and  other  means  of  transport ;  and  generally  the  carrying 
into  execution  of  the  objects  of  the  Act : 

The  imposition  of  fines  not  exceeding  £50  for  any  offence  under  the  Act : 

The  delegation  of  authority  by  the  Governor  to  the  Commissioner  and  by 
him  to  the  Conservators : 

The  establishment  of  schools  of  forestry  and  agriculture  : 

The  exclusion  of  open  lands  from  State  forests,  provided  Parliament  does  not 
raise  any  objections. 

The  task  of  the  Commission  of  1913  was  essentially  to  inquire  into  the 
condition  of  the  existing  natural  forests  and  to  make  proposals  for 
afforestation,  with  special  reference  to — 

(1.)  The  retention  of  forests  for  their  indirect  utility,  such  as  soil-protection, 
prevention  of  denudation  and  floods,  effect  on  scenery,  climate,  &c.  : 

(2.)  Allotment  of  forest  areas  for  other  purposes  : 

(3.)  The  method  of  dealing  with  the  indigenous  forests  : 

(4.)  The  probable  demand  for  timber  in  the  future  ;  the  nature  and  hinds  of 
timber  likely  to  be  required  : 

(5.)  The  extension  of  State  nurseries  and  plantations  to  meet  the  future  demand 
for  timber : 

(6.)  Suggestions  regarding  alterations  of  the  past  management  : 

(7.)  Encouragement  of  tree-planting  by  private  individuals  and  local  bodies. 


(1  ) 

(2.) 

(3.) 

(4.) 

(5.) 

(6.) 


(7.) 

(8.) 

(9.) 

(10.) 


The  Roylal  Commission’s  Report. 

The  Indigenous  Forests. 

The  Commissioners  propose — 

1.  The  Establishment  of  Climatic  Reserves  for  the  purposes  indicated  above,, 
wherever  they  are  required,  more  especially  for  the  protection  of  the  sources  of  the 
principal  rivers  of  the  Canterbury  District,  which  rise  in  the  Southern  Alps ;  also 
the  upper  portions  of  the  whole  of  North  Island’s  dividing-range. 

2.  Scenic  Reserves  are  proposed  for  the  protection  of  historic  places,  also  in  the 
vicinity  of  hot  springs,  for  preserving  examples  of  the  vegetation,  birds,  and  other 
animals,  for  picnics  and  recreation.  The  preservation  of  the  Warawara  and  200  acres 
of  the  Waipoua  kauri  forests  are  specially  recommended,  as  these  remnants  of  the 
once  splendid  forests  are  on  the  point  of  disappearing. 
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3.  The  Indigenous  Forests  generally. — The  Commissioners  suggest,  in  the  public 
interest,  the  following  classification  : — 

(a.)  Forests  with  valuable  milling-timber  in  positions  suitable  for  settlement. 

( b .)  Forests  with  valuable  milling-timber  in  positions  unsuitable  for  settlement. 

(c.)  Forests  with  insufficient  or  unsuitable  milling-timber  on  land  suitable  for 
settlement. 

( d .)  Forests  with  insufficient  or  unsuitable  milling -timber  on  land  unsuitable  for 
settlement. 

The  Milling  Forests. — The  trees  should  be  measured  and  the  contents  calculated 
before  the  timber  is  offered  for  sale,  through  the  agency  of  the  Commissioners  of  Crown 
Lands  and  the  Land  Boards,  so  that  the  State  receives  proper  payment  for  the  timber. 

The  Beech  Woods  are  the  only  indigenous  forests  which  regenerate  themselves  rapidly 
enough  to  warrant  their  permanent  retention.  Beech  timber  is  steadily  coming  into 
use.  An  expert  survey  of  the  beech  woods  is  recommended. 

Supply  of  Timber  for  the  Butter  Industry. — The  kahikatea,  or  white-pine,  appears 
in  pure  woods  on  low-lying  swampy  ground,  and  also  in  smaller  quantities  mixed  with 
other  trees  of  the  coniferous  forests  of  New  Zealand.  The  soil  of  the  white-pine 
swamps  when  cleared  and  drained  forms  the  richest  agricultural  land,  and  the  mixed 
forest  where  white-pine  appears  is  frequently  situated  on  good  agricultural  land.  The 
plea  has  been  advanced  that  the  white-pine  swamps  might  be  made  available  for 
agriculture,  but  the  difficulty  is  to  find  a  substitute  for  white-pine  for  butter-boxes 
which  does  not  impart  a  taste  or  odour  to  the  butter,  and  which  is  light  and  holds  nails 
well.  There  is  not  sufficient  information  available  to  show  how  long  the  stock  of 
white-pine  will  last  at  the  present  rate  of  consumption,  but  it  seems  that  substitutes 
for  it  must  be  imported  until  the  New  Zealand  plantations  of  suitable  substitutes  are 
ready  for  cutting.  The  Commissioners  consider  that  poplars  and  the  Monterey  pine 
(Pinus  radiata)  and  tawa  (Beils chmiedia  tawa )  are  likely  to  answer.  The  present 
amount  of  these  species  in  New  Zealand  is  extremely  small,  and  tawa  is  found  chiefly 
on  land  which  will  soon  be  taken  up  for  settlement.  Of  other  timbers,  that  of  Norway 
spruce  seems  also  suitable,  and  it  is  cheap.  Boxes  have  also  been  made  of  pulp. 
Experiments  were  recommended  to  be  made  with  P.  radiata,  P.  Laricio,  various  species 
of  poplar,  Oregon  pine  ( Pseudo-tsuga  Douglasii ),  New  Zealand  beeches,  and  others. 

|  Afforestation. 

Probable  Future  Demand  for  Timber. — The  Commissioners  found  great  difficulty 
in  estimating  future  requirements,  because  the  statistics  of  the  past  were  given  in  a 
great  variety  of  units,  such  as  pieces,  number,  superficial  feet,  and  values.  Their 
estimate  is  therefore  only  an  approximate  one.  They  state  that  the  annual  con¬ 
sumption  in  the  immediate  past  amounted  to  358  million  superficial  feet  (equal  to 
35-8  million  cubic  feet,  equal  to  716,000  tons  of  50  cubic  feet  each).  Assuming  that 
the  population  will  be  doubled  in  thirty-five  years,  the  annual  requirements  at  the 
end  of  that  period  will  be  about  716  million  superficial  feet  (equal  to  1,432,000  tons). 
According  to  the  Commissioners,  the  nature  and  kind  of  timber  required  will  be  as 
follows : — ■ 

(1.)  Pines  of  various  kinds  for  building  purposes. 

(2.)  Australian  gums  (eucalpyts),  yielding  most  durable  timber. 

(3.)  Timber  for  the  carriage  of  agricultural  and  other  produce.  This  should  be 
provided  by  fast-growing  species,  such  as  Monterey  pine  and  poplars,  which  would 
also  yield  suitable  material  for  wood-pulp. 

Holding  the  view  that  the  indigenous  species  are  of  too  slow  growth  to  be  con¬ 
sidered  in  any  scheme  for  the  future,  they  estimate  that  plantations  would  yield,  when 
mature,  on  an  average  50,000  superficial  feet  per  acre ;  they  do  not  directly  state  at 
what  age,  but  from  the  context  it  seems  that  they  meant  fifty  years.  Hence,  every 
year  7,160  acres  should  be  ready  for  cutting  to  provide  the  present  requirements,  and 
that  area  should  be  planted  every  year.  The  average  annual  increment  per  acre  is 
assumed  to  be  1,000  superficial  feet,  but  it  differs  very  much  according  to  species. 
Monterey  pine,  it  is  said,  might  yield  timber  fit  for  butter- boxes  at  the  age  of  twenty 
years,  and  that  it  might  give  150,000  superficial  feet  per  acre  at  the  age  of  thirty-five 
years — a  most  astonishing  estimate.  Nothing  is  said  about  the  age  at  which  eucalypts 
will  give  timber  of  the  desired  dimensions,  but  it  is  known  that  most  of  the  species  are 
very  fast-growing.  As  to  the  pines,  which  are  to  yield  the  timber  for  building 
purposes,  no  information  is  given  of  their  expected  age  of  maturity.  Nor  is  it  stated 
how  much  of  the  total  requirements  is  to  be  allocated  to  each  of  the  three  classes  of 
timber.  Under  these  circumstances  it  is  a  somewhat  risky  proceeding  to  give  even 
.an  approximate  estimate  of  the  area  to  be  planted.  In  a  later  report,  that  for  the 
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year  1914-15,  it  is  once  more  asserted  that  to  produce  720  million  superficial  feet 
annually,  the  quantity  required  after  thirty-five  years,  an  area  of  about  700,000  acres 
must  be  planted.  This  assertion  is  again  made  on  the  assumption  that  the  average 
annual  production  or  increment  is  taken  at  1,000  superficial  feet  per  acre  (equal  to 
100  cubic  feet,  equal  to  2  tons).  If  the  planting  is  spread  over  fifty  years  an  area  of 
14,000  acres  will  have  to  be  planted  every  year,  involving  an  annual  expenditure  of 
£112,000.  It  is  stated  that  up  to  1915  an  area  of  24,563  acres  had  been  planted  by 
the  State  and  about  44,000  acres  by  private  proprietors.  The  full  scheme  will  only 
be  gradually  worked  up  to.  \ 

Planting  in  the  Past. — The  Commissioners  regret  that  the  experience  gained  in  the 
private  plantations  was  not  made  available  and  utilized  before  the  State  operations 
were  commenced  in  1896.  As  a  result  of  this  neglect  various  mistakes  are  said  to 
have  been  made  which  might  have  been  avoided.  Of  the  numerous  species  planted 
by  the  Forest  Branch  after  1896,  the  Commissioners  mention  the  following,  arranged 
according  to  their  frequency  in  the  existing  plantations  :  Larch,  Austrian  pine, 
Corsican  pine,  Australian  gums,  Catalpa  speciosa,  English  oak,  Norway  spruce,  ash, 
totara,  sycamore,  Sitka  spruce,  redwood,  Robinia,  American  white-pine,  Australian 
blackwood,  Monterey  pine,  alder,  and  others. 

The  Commissioners  doubt  whether  larch,  which  seems  to  occupy  one-third  of  all 
plantations,  will  eventually  form  a  timber-tree  of  much  value  ;  though  it  grows  well 
at  first,  its  growth  slackens  afterwards,  and  they  fear  the  danger  of  the  larch-disease 
appearing.  Other  trees  which  the  Commissioners  consider  useless  for  New  Zealand 
afforestation  are  Catalpa  speciosa,  totara,  Norway  spruce,  English  oak,  sycamore,  and 
alder.  Oak  and  totara  are  said  to  grow  too  slowly  ;  sycamore  and  alder  are  declared 
worthless.  Instead  of  Norway  spruce,  Oregon  pine  is  recommended.  In  some  cases 
the  trees  have  been  planted  in  wrong  positions.  The  Commissioners  regret  that  very 
little  attention  has  been  paid  to  the  fact  that  the  planting  of  trees  which  supply  timber 
at  an  early  age  is  essential,  such  as  Monterey  pine  and  eucalypts. 

The  Financial  Aspect  of  Planting . — The  Commissioners  have  considered  this,  but 
the  available  data  are  hardly  sufficient  to  form  a  definite  estimate  of  the  results.  By 
way  of  illustration  they  give  two  examples,  assuming  that  in  each  case  an  area  of 
10,000  acres  is  planted.  The  author  has  reduced  their  figures  to  1  acre  in  each  case, 
as  it  gives  a  clearer  idea  than  dealing  with  a  large  area. 

|i§Data  of  the  first  case  :  Value  of  the  land  per  acre,  £2.  Cost  of  planting  with 
Monterey  pine  per  acre,  £8.  Annual  maintenance  per  acre,  6s.  Thinnings  considered 
of  no  value ;  yield  at  the  age  of  thirty-five  years,  150,000  superficial  feet,  valued  at 
2s.  per  100  superficial  feet,  £150.  Interest  to  be  allowed  on  all  outgoings  at  the  rate 
of  4^  per  cent. 

The  author  finds  that  the  investment  would  give  54  per  cent,  on  the  outlay.  He 
doubts,  however,  whether  the  Monterey  pine  will  give  as  much  as  150,000  superficial 
feet  at  the  age  of  thirty-five  years. 

Data  of  the  second  example  :  Value  of  the  land  per  acre.  £10.  Cost  of  planting 
per  acre,  £8.  Annual  maintenance  per  acre,  6s.  Yield  at  the  age  of  eighty  years, 
70,000  superficial  feet  at  2s.  per  100  superficial  feet,  £70.  Interest  allowed  on  out¬ 
goings  at  the  rate  of  4J  per  cent. 

In  this  case  there  would  be  no  return  on  the  outlay,  and  a  heavy  loss  as  well. 
In  further  illustration  the  author  adds  the  following  case  :  Taking  the  Commissioners’ 
figures  of  the  average  yield  at  50,000  superficial  feet  per  acre  at  the  age  of  fifty  years 
of  the  three  classes  of  timber,  the  value  of  the  land  at  £2,  the  annual  cost  of  main¬ 
tenance  at  6s.,  and  the  cost  of  planting  at  £8,  then  the  timber  must  be  sold  at  5s.  8d. 
per  100  superficial  feet  so  as  to  give  4^  per  cent,  interest  on  all  outgoings.  According 
to  the  Statistical  Abstract  laid  before  the  British  Parliament,  New  Zealand  imported 
in  1913  33 1  million  superficial  feet  of  timber,  for  which  it  paid  at  the  rate  of  18s.  per 
100  superficial  feet,  or  about  three  times  the  amount  at  which  it  can  produce  it  in  the 
country.  Under  these  circumstances  the  financial  aspect  of  the  New  Zealand  plantations 
seems  quite  satisfactory.  The  people  of  New  Zealand  cannot  expect  to  get  their 
timber  at  the  rate  of  2s.  per  100  superficial  feet  when  once  they  have  exhausted  the 
stock  of  timber  with  which  nature  provided  them.  The  price  of  timber  is  sure  to  rise 
generally,  as  it  has  done  in  Europe  ever  since  1895.  The  author  has  shown  elsewhere 
that  the  rise  between  1896  and  1913  is  equal  to  33  per  cent,  in  the  case  of  all  coniferous 
timber  imported  into  the  United  Kingdom.  New  Zealand  may  produce  soft  timber 
for  butter-boxes  and  suchlike  articles  at  a  low  price,  but  she  will  have  to  pay  higher 
rates  for  timber  fit  for  building  and  construction  generally,  such  as  will  have  to  be 
imported  for  a  number  of  years  to  come — in  fact,  until  they  can  be  produced  in  the 
country. 
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The  Commissioners’  Recommendations. 

The  recommendations  of  the  Commissioners  are  as  follows  : — 

Organization. — (a.)  The  control  of  the  Forestry  Branch  of  the  Lands  Department 
should  be  placed  in  the  hands  of  an  executive  officer  of  approved  financial  and 
administrative  ability. 

( b .)  The  executive  officer  should  -have  associated  with  him  an  Advisory  Board 
of  experts  in  forestry  and  matters  appertaining  thereto. 

(c.)  Such  Board  should  consist  of  not  less  than  four  members,  to  be  paid  such  fees 
as  may  be  prescribed. 

( d .)  The  Board  should  be  called  together  not  less  than  once  a  quarter  for  the 
consideration  of  matters  of  policy  and  important  details  with  regard  to  the  State 
forestry  operations. 

(e.)  The  Superintending  Nurserymen  should,  under  the  direction  of  the  Forestry 
Board,  control  the  operations  in  the  North  and  South  Islands  respectively. 

The  Indigenous  Species  of  Trees. — There  is,  the  Commissioners  state,  a  general 
belief  throughout  New  Zealand  that  the  planting  of  certain  indigenous  trees,  especially 
of  totara  and  puriri,  would  be  commercially  profitable,  and  that  they  have  been  urged 
to  recommend  the  planting  of  some  of  these  species.  The  Commissioners  consider  the 
idea  altogether  erroneous.  Without  exception,  they  say,  these  timber-trees  are  of  much 
slower  growth  than  those  used  in  forestry  operations  the  world  over  ;  the  comparatively 
slow  growth  of  the  trees  places  the  forests  of  New  Zealand  in  a  different  category  from 
those  of  Europe  and  America. 

Trees  recommended  for  Planting. — The  Commissioners  recommend  that  the  following 
.species  shall  be  planted  in  future  : — 

(1.)  Monterey  pine  ( Pinus  radiata). 

(2.)  Corsican  pine  (P.  Laricio  var.  Corsicana ). 

(3.)  Heavy  pine  (P.  ponder osa). 

(4.)  Oregon  pine  ( Pseudo-tsuga  Douglasii). 

(5.)  Poplars,  various  species. 

(6.)  Australian  gums,  those  best  suited  to  the  selected  localities. 

(7.)  Ash  ( Fraxinus  excelsior )  where  suitable. 

They  further  recommend  for  consideration  : — , 

(8.)  Weymouth  pine  ( Pinus  strobus)  for  fine-grained  timber. 

(9.)  The  Himalayan  blue-pine  (P.  excelsa)  for  trial. 

For  planting  on  sand-dunes  the  Commissioners  recommend  the  Austrian  pine 
(P.  Laricio  var.  austriaca),  Monterey  pine,  and  the  Australian  blackwood  ( Acacia 
melanoxylon). 

The  following  explanatory  remarks  are  added  :  Monterey  pine  has  been  widely 
planted  in  New  Zealand.  It  thrives  in  every  variety  of  soil,  and  its  rapidity  of  growth 
is  remarkable.  If  planted  close  it  develops  long  clean  timber,  giving  boards  and 
scantlings  used  for  farm  buildings,  and  even  for  dwellings.  Apart  from  that,  it  is 
eminently  useful  for  box  purposes  for  the  rapidly  developing  dairy  and  fruit  industries, 
as  well  as  for  soap  and  candle  boxes.  No  other  trees  tried  can  be  grown  so  cheaply, 
or  planted  so  easily.  It  is  believed  that  Monterey  pine  will  yield  timber  for  boxes  at 
the  age  of  twenty  years. 

Corsican  pine  thrives  very  well  in  almost  any  soil  and  situation.  Its  timber,  when 
matured  and  seasoned,  is  said  to  be  resinous,  elastic,  tough,  and  durable,  but  somewhat 
coarse  in  texture,  though  easily  worked.  It  is  said  to  be  immune  from  attacks  by  an 
aphis  from  which  the  Austrian  pine  suffers  much. 

Australian  blackwood  grows  rapidly  on  the  driest  sandhills,  but  it  is  not  hardy  on 
every  locality.  Experiments  gave  the  strength  of  the  timber  equal  to  that  of  eucalypts 
of  middling  strength,  and  surpassing  that  of  kauri.  It  is  used  for  furniture  of  the  highest 
class  and  for  ornamental  woodwork  indoors. 

The  Provenance  of  Seed. — The  Commissioners  consider  it  of  great  importance  to 
obtain  the  best  seed  possible,  and  they  therefore  recommend — 

(a.)  Whenever  possible,  seed  from  selected  pedigree  trees  should  be  collected  in 
New  Zealand  by  the  Department  of  Forestry. 

(6.)  Seed,  if  not  procurable  from  trees  growing  in  the  Dominion,  should  be  obtained 
from  the  best  available  foreign  source. 

(c.)  Seed  should  be  obtained  at  an  early  date,  irrespective  of  the  vote  of 
Parliament. 

(d.)  If  the  required  quantity  of  seed  of  best  quality  is  not  obtainable  in  any  year, 
it  will  be  better  not  to  sow  at  all  than  to  sow  substitutes  of  a  less  valuable 
character. 
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Soioing  in  Situ. — The  Commissioners  recommend  experiments  to  be  made  to  see 
whether  direct  sowing  on  the  ground,  instead  of  planting,  can  be  done  with  satisfactory 
results,  especially  with  eucalypts  and  Monterey  pine. 

Fire-breaks  should  consist  of  a  belt  of  poplars  2  chains  broad,  with  a  belt  1  chain 
broad  outside  ploughed  periodically.  The  poplar  fire-breaks  should,  if  possible,  be 
planted  in  advance  of  the  general  planting  of  pines. 

The  Thinning  of  Plantations. — The  Commissioners  consider  the  question  of  thinnings 
to  be  perhaps  the  most  difficult  and  important  problem  that  confronts  the  management 
■of  the  State  plantations,  because  at  present  no  market  exists  for  small  material,  except 
for  a  very  limited  quantity.  They  think  that,  though  thinning  has  a  most  beneficial 
•effect  on  the  development  of  the  remaining  trees,  it  might  be  better  not  to  thin  at  all, 
and  to  allow  the  law  of  the  survival  of  the  fittest  to  operate,  until  a  market  for  the  small 
material  springs  up  in  consequence  of  the  increase  of  the  population. 

Prison  Labour. — Such  labour  has  been  used  for  some  time  past  in  the  plantations, 
and  the  Commissioners  say  there  is  no  doubt  that  the  employment  of  prisoners  in  tree¬ 
planting  is  distinctly  of  benefit  to  them,  and  quite  likely  to  lead  to  their  reformation. 
The  Commissioners  would  be  sorry  to  see  the  system  abolished,  and  they  recommend 
that  the  Prisons  Department  should  be  credited  with  the  value  of  the  work  done,  the 
plantation  account  being  debited  with  the  amount. 

Encouragement  of  Planting  by  Private  Individuals  and  Corporations. — The  Com¬ 
missioners  recommend  that  such  encouragement  should  be  given  by— 

(a.)  The  supply  of  plants  at  cost  price  from  the  State  nurseries. 

(b.)  Government  forest  officers  to  give  advice  about  planting. 

(c.)  In  the  case  of  private  proprietors,  remission  of  taxes  to  be  granted  on  a  certain 
percentage  of  the  total  area  of  an  estate  which  has  been  planted  to  the 
satisfaction  of  the  proposed  Forestry  Board. 

Forestry  Education. — The  Commissioners  offer  some  short  remarks  on  the  education 
of  cadets  for  employment  in  the  Forestry  Branch,  and  on  the  preparation  of  a  book  on 
forestry.  It  is  suggested  that  young  men  engaged  in  the  active  work  of  the  Forestry 
Branch  might  be  transferred  for  a  time  to  Wellington,  where  they  could  combine  their 
office -work  with  the  attendance  at  lectures  and  in  the  laboratories  of  Victoria  College. 
They  add  that  as  the  forestry- work  increases  there  will  be  openings  for  highly  trained 
men,  and  talented  students  might,  with  the  aid  of  scholarships,  study  forestry  in  England 
■or  on  the  Continent  of  Europe. 

’General  Remarks. 

As  the  author  has  never  visited  New  Zealand,  he  naturally  hesitates 
to  criticize  the  system  of  management  proposed  or  adopted  in  that 
Dominion.  Still,  his  long  experience  in  various  parts  of  the  world  induces 
him  to  offer  the  following  remarks  on  the  forest  policy  propounded  by  the 
Commissioners : — 

What  strikes  the  reader  of  the  various  reports  at  once  is  the  fact  that 
natural  forests  have  practically  been  thrown  overboard,  and  that  future 
supplies  are  to  be  provided  from  plantations  of  exotic  trees.  This  is 
certainly  a  very  bold  measure,  which  the  New  Zealand  authorities  seem 
to  have  adopted  because  they  believe  that  the  growth  of  the  indigenous 
trees  is  too  slow  in  comparison  with  that  of  certain  exotic  species.  The 
chief  questions  here  involved  are — 

(1.)  Whether  the  growth  of  the  indigenous  species  is  really  as  slow  as 
is  believed  in  New  Zealand. 

(2.)  Whether  the  exotic  species  yield  timber  of  sufficient  quality  to 
replace  the  indigenous  species,  and  yet  grow  much  faster. 

(3.)  Whether  it  is  safe  to  introduce  exotic  species  on  this  large  scale 
without  risking  the  development  of  disease  which  may  lead  in 
the  end  to  disastrous  results. 

As  regards  the  first  question,  the  only  tangible  data  available  to  the 
•author  are  the  measurements  of  the  radius  of  a  totara-tree  at  different 
ages  up  to  416  years  of  age,  given  in  the  Commissioners’  report.  That 
•tree  had  a  total  diameter  of  8  ft.  In  the  following  table  the  measurements 
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have  been  compared  with  those  of  an  Oregon  pine  of  7  ft.  diameter  and 
an  age  of  515  years,  as  well  as  with  the  growth  of  silver-fir  in  the  Black 
Forest : — 


Age. 

Diameter,  in  Inches. 

Totara. 

Oregon  Pine. 

Silver-fir. 

25  years 

2-1 

10-9 

2-0 

50  „ 

5-3 

14-3 

5-6 

75  „ 

8-9 

18-4 

10-7 

100  „ 

13-7 

23-0 

16-2 

125  „ 

20-0 

26-1 

18-7 

150  „ 

29-5 

29-5 

21-0 

200  „ 

46-3 

36-6 

•  • 

250  „ 

72-6 

47-6 

Comparing  first  totara  with  silver-fir  grown  in  regular  woods,  it  will 
be  found  that  there  is  not  much  difference  in  the  diameter-growth  up  to 
the  age  of  125  years  ;  after  that  time  totara  grows  even  faster  than  silver- 
fir.  The  latter,  grown  on  suitable  soil  in  the  Black  Forest,  produces  woods 
which  yield  the  following  quantities  of  timber  per  acre,  in  superficial  feet : — 


Age. 

Thinnings. 

Final  Yield. 

Total. 

75  years 

19,000 

76.000 

95,000 

100  „ 

45.000 

117,000 

162.000 

125  „ 

59.000 

135,000 

194,000 

150  „ 

66.000 

150.000 

216,000 

These  are  the  results  obtained  by  the  application  of  proper  sylviculture 
and  systematic  treatment. 

Comparing  totara  with  Oregon  pine,  it  will  be  seen  that  the  latter  grows 
very  much  faster  than  totara  up  to  an  age  of  125  years  ;  but  at  150  years 
totara  has  caught  up  the  Oregon  pine,  with  a  diameter  of  29-5  in.  in  each 
case.  After  that  age  totara  actually  grows  faster  than  Oregon  pine  as 
far  as  diameter-increment  is  concerned.  The  opinion  expressed  by  the 
Commissioners  that  “  the  timber-trees  of  New  Zealand  are  of  much  slower 
growth  than  those  grown  in  forestry  operations  the  world  over  ”  can 
hardly  stand. 

The  data  for  totara  and  Oregon  pine  are  taken  from  one  tree  each  only, 
and  they  are,  of  course,  of  a  fragmentary  nature.  Still,  they  bring  out 
the  fact  that  slow  growth  in  youth  does  not  prevent  the  production  of  a 
large  quantity  of  timber,  and  that  trees  growing  very  fast  at  first  frequently 
slacken  off  later  on,  and  vice  versa .  The  former  species  are,  of  course, 
preferable  when  the  object  is  to  produce  large  quantities  of  comparatively 
soft  wood  in  the  shortest  possible  time,  such  as  is  used  for  paper-pulp, 
butter-boxes,  and  the  like  ;  but  when  a  high  quality  of  timber  for  con¬ 
struction  and  similar  purposes  is  required  hasty  growth  in  youth  will,, 
in  the  majority  of  cases,  not  answer.  It  must  be  understood  that  the 
Oregon-pine  timber  delivered  in  New  Zealand  comes  from  trees  at  leash 
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150  years  old,  and  it  has  yet  to  be  proved  that  timber  taken  from  young  trees 
grown  in  New  Zealand  will  yield  really  good  timber  like  that  now  received 
from  Canada.  It  should  further  be  remembered  that  exotic  trees  are,  as  a 
rule,  more  exposed  to  disease  than  indigenous  trees,  and  it  is  impossible 
to  say  what  diseases  the  former  may  develop  in  the  course  of  time. 

Taking  all  these  points  into  consideration,  the  author  considers  it 
injudicious  to  neglect  the  natural  forests.  In  his  opinion  a  considerable 
area  of  the  latter,  stocked  with  the  better  kinds  of  trees,  should  be  declared 
permanent  State  reserves  and  managed  for  the  sustained  production  of 
the  best  description  of  timber.  In  many  cases  this  measure  can  be  com¬ 
bined  with  the  preservation  of  climatic  and  scenic  reserves.  The  permanent 
reserves  should  be  taken  under  proper  control,  and  managed  in  such  a 
manner  that  the  more  valuable  species  regenerate  themselves  naturally, 
with  such  artificial  help  as  may  be  required  in  the  beginning.  This  is  the 
method  followed  in  the  majority  of  the  continental  forests  of  Europe. 

The  selection  of  these  reserves  should  be  made  at  the  earliest  possible 
date,  with  due  consideration  of  the  areas  which  are  likely  to  be  required  for 
settlement  as  the  population  increases.  If  this  is  carried  through  on  a 
sufficient  scale  it  will  not  be  necessary  to  build  up  artificial  plantations 
extending  over  an  area  of  700,000  acres-  -a  much  smaller  area  will  suffice  ; 
and  this  would  be  stocked  chiefly  with  fast-growing  species  for  box-wood, 
paper-pulp,  &c.,  as  well  as  with  eucalypts,  which  must,  of  course,  be 
introduced  by  planting. 

It  is  a  somewhat  melancholy  fact  that,  apart  from  a  few  remnants, 
the  kauri  forests  have  been  destroyed.  That  tree  yields  one  of  the  finest 
coniferous  timbers  in  the  world,  and  even  now  the  exports  of  kauri-gum 
have  a  value  of  half  a  million  pounds  sterling  a  year.  Surely  something 
might  be  done  to  restore  that  tree  beyond  the  reservation  of  a  few  acres 
for  sentimental  reasons. 

The  proposals  of  the  Commissioners  on  the  organization  of  the  Depart¬ 
ment  of  Forestry  are  open  to  serious  criticism.  They  propose  that  the 
control  of  the  Forestry  Branch  of  the  Lands  Department  shall  be  placed 
in  the  hands  of  an  executive  officer  of  approved  administrative  and  financial 
ability,  to  be  associated  with  an  Advisory  Board  of  experts  in  forestry 
and  matters  appertaining  thereto.  This  is  putting  the  cart  before  the  horse  ; 
the  arrangement  should  be  the  reverse.  If  justice  is  to  be  done  to  the  work 
the  executive  head  of  the  branch  must  be  a  high-class  forestry  expert,  to 
be  associated  with  an  Advisory  Board  of,  say,  two  officers  of  approved 
administrative  ability.  The  Board  should  be  called  together  at  stated 
intervals  so  as  to  bring  the  action  of  the  executive  officer  into  harmony 
with  the  general  policy  of  the  Lands  Department.  The  systematic  treat¬ 
ment  of  the  natural  forests  and  plantations  will  not  be  possible  unless  the 
executive  head  of  the  Department  is  an  expert  forester,  and  there  should 
be  no  difficulty  in  securing  such  an  officer.  Then  a  staff  of  trained  forest 
officers  can  gradually  be  secured  by  local  training,  or  by  deputing,  say, 
two  intelligent  young  New-Zealanders  from  time  to  time  to  Europe  to 
study  scientific  forestry.  The  Union  of  South  Africa  has  for  some  time  past 
recruited  their  superior  forest  staff  from  Rhodes  Scholars  who  have  been 
taking  up  forestry  at  Oxford,  and  the  same  plan  may  possibly  commend 
itself  to  the  Government  of  New  Zealand. 

The  suggestions  made  by  the  Commissioners  as  regards  the  thinning  of 
the  plantations  should  not  be  entertained  for  a  moment.  It  does  not  require 
a  genius  to  plant  trees  nor  to  cut  down  a  wood  ;  the  success  of  forestry 
14 — Science. 
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operations  depends,  above  all,  on  the  manner  in  which  growing  woods  are 
tended  throughout  life,  from  planting  to  reaping,  and  especially  on  the 
time  and  strength  of  the  thinnings.  Here  the  skill  of  the  forester  really 
comes  in.  Unless  these  operations  are  carried  out  in  the  right  way  planta¬ 
tions  will  not  yield  timber  in  quality  equal  to  that  imported,  nor  will  the 
expected  financial  results  be  realized.  The  cost  of  carrying  out  these  opera¬ 
tions  should  not  be  grudged,  as  it  will  be  more  than  repaid  later  on.  More¬ 
over,  it  seems  to  the  author  that  the  time  cannot  be  far  off  when  the 
thinnings  will  become  saleable,  whereby  not  only  will  the  cost  of  making 
them  be  covered,  but  a  surplus  should  be  left  over  and  above  such  cost. 

In  conclusion,  the  chief  measures  to  be  taken  should  be — 

(1.)  The  appointment  of  a  thoroughly  qualified  forestry  expert  as 
Conservator  or  Director  of  Forests,  responsible  to  the  Minister 
of  Lands,  and  through  him  to  Parliament.  He  should  be  assisted 
by  a  small  committee  of  experienced  administrators,  which 
might  meet  at  suitable  intervals. 

(2.)  The  building-up  of  an  efficient  staff  of  assistants  to  the  Conservator 
of  Forests,  and  of  foresters. 

(3.)  The  selection,  with  due  consideration  of  the  land  required  for 
settlement,  of  a  suitable  area  of  natural  forests  as  permanent 
State  forests,  not  only  for  climatic  and  scenic  purposes,  but 
for  the  permanent  production  of  the  more  valuable  timber- trees. 

(4.)  Augmentation  of  the  returns  from  the  natural  forests,  as  far  as 
necessary,  by  the  establishment  of  plantations  stocked  with 
fast-growing  species  for  industrial  and  other  purposes. 

(5.)  The  encouragement  of  planting  by  private  owners  of  land  to  relieve 
the  work  to  be  done  by  the  State. 

(6.)  The  tending  (thinning)  of  growing  woods  to  be  done  in  an  efficient 
manner,  so  as  to  produce  the  best  possible  results. 

(7.)  The  proper  organization  of  all  permanent  State  forests,  and  the 
construction  of  roads  and  other  means  for  the  transport  of 
forest-produce  to  the  centres  of  consumption. 


THE  DISTRIBUTION  OF  POPULATION  IN  NEW 

ZEALAND. 

By  F.  T.  M.  Kissel,  B.Sc.,  A.M.Inst.C.E.,  Public  Works  Department, 

Wellington. 

In  the  course  of  investigations  being  made  by  the  writer  for  the  Hydro¬ 
electric  Branch  of  the  Public  Works  Department  into  the  question  of  a 
general  supply  of  electricity  throughout  the  country  it  was  necessary  to  get 
a  general  view  of  the  prospective  markets  and  their  relative  position  with 
respect  to  possible  sources  of  power.  For  this  purpose  masses  of  statistical 
figures  and  long  tables  are  apt  to  be  confusing,  and,  moreover,  give  no 
notion  of  their  relation  in  position  either  to  each  other  or  to  the  generating 
station  or  stations.  The  issue  is  always  further  obscured  by  the  agitation 
of  different  districts,  urging  the  development  of  a  source  of  power  in  some 
particular  neighbourhood,  or  attempting  to  show  the  amount  of  load  that 
will  be  forthcoming  as  soon  as  power  is  available.  The  value  of  the  source 


COUNTIES  COLOURED  ACCORDING  TO 
DENSITY  OF  POPULATION  ( Rural.) 


NORTH  ISLAND 

OF 

NEW  ZEALAND. 

SHOWING 

DISTRIBUTION  OF  POPULATION 

(Census  1916). 


From  0  to  1  inhabitant  per  si 

„  ]  „  4  inhabitants 

„  4  „  a 

„  8  „  12 

„  12  „  20 

Above  20  » 


SIZE  or  TOWNS. 

o  500  to  1,000  inhabitants. 
•  1,000  ,.  4,000 

<§)  4.000  „  8,000 

■  8.000  „  15,000 
Cities 


WELLINGTON 
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and  the  amount  of  the  load  are  not  always  proportional  to  the  amount  of 
-energy  with  which  their  values  are  proclaimed. 

To  obviate  these  difficulties,  and  endeavour  so  to  design  the  power-supply 
system  as  to  serve  the  whole  country  to  the  best  advantage  and  in  such 
way  that  it  would  become  self-supporting  in  the  least  possible  time,  it- was 
necessary  to  get  an  accurate  general  view  of  the  markets  to  show  at  the 
same  time  both  their  value  and  their  location.  The  ordinary  industrial 
power  and  lighting  load  is  proportional  to  the  population,  so  that  a  census 
of  the  population  gives  some  idea  of  the  value  of  the  load  that  is  to  be 
obtained  when  power  is  available.  This  may  be  not  quite  true  of  special 
large-power  users,  such  as  chemical  and  metallurgical  works,  &c. ;  but 
these  are  few  and  small  at  present,  and  can  be  considered  specially  in  rela¬ 
tion  to  the  system.  Afterwards  new  industries  as  they  develop  will  locate 
themselves  where  power  is  cheap,  which,  other  things  being  equal,  is  close 
to  the  source  of  power  or  to  existing  transmission-lines.  As  water-power 
development  always  involves  a  large  capital  expenditure,  the  first  few 
years  of  their  operation,  while  the  load  and  consequent  revenue  are  growing, 
are  always  the  most  critical.  It  is  therefore  essential  that  the  districts 
first  to  be  supplied  should  be  those  in  which  the  market  already  exists, 
and  the  source  to  be  developed  is  the  one,  or  more,  that  will  serve  those 
districts  as  a  whole  most  economically.  This  gives  existing  markets  a 
value  much  in  excess  of  those  that  are  only  prospective. 

For  this  purpose  the  maps  which  are  attached  have  been  prepared, 
showing  the  distribution  of  population,  and  consequent  prospective  im¬ 
mediate  power  load  throughout  the  Dominion.  It  is  not  the  purpose  of 
this  paper  to  describe  the  system  of  electric  supply  proposed,  but  as  the 
maps  have  a  certain  amount  of  general  interest  apart  from  the  special 
purpose  for  which  they  were  compiled  it  is  proposed  to  reproduce  and 
briefly  described  them  here. 

It  was  not  possible  to  reproduce  on  the  small  scale  of  the  maps  printed 
herewith  the  same  system  of  shading  as  was  adopted  on  the  original  maps, 
which  were  on  the  16-miles-to-l-inch  scale,  and  a  scheme  of  colouring  has 
been  substituted.  The  population  statistics  published  in  the  New  Zealand 
Official  Year-book,  1917,  have  been  taken  as  a  basis,  and  from  the  figures 
given  for  population  and  county  area  the  population-density  per  square  mile 
has  been  calculated.  The  counties  have  then  been  divided  into  classes,  the 
population-density  of  which  is  fixed  within  the  limits  shown  on  the  maps. 
So  also  for  the  principal  towns,  the  population  of  which  is  not  included  in 
the  surrounding  counties,  a  series  of  signs  has  been  adopted  fixing  the  towns 
into  classes  which  have  the  limits  of  population  shown  on  the  map. 

The  distribution,  of  course,  in  some  cases  varies  considerably  over 

different  parts  of  the  same  county,  and  some  improvement  might  be  made 

by  taking  smaller  subdivisions  in  arriving  at  the  averages.  As,  however, 

we  now  have  the  location  and  size  of  the  towns  and  the  densitv  of  the 

«/ 

county  population  all  under  the  eye  at  once,  we  get  a  very  good  idea  of 
the  general  distribution  of  population  throughout  the  country. 

In  the  original  maps,  which  were  compiled  on  larger  scale,  the  county- 
population  density  was  shown  by  a  system  of  shading  which  was  inversely 
proportionate  to  the  population-density,  and  which  could  be  scaled  directly 
to  give  the  density  per  square  mile,  while  the  towns  were  represented  by 
circles  the  area  of  which  was  proportionate  to  the  population.  These  maps 
have  been  most  useful  in  the  particular  investigation  for  which  they  were 
compiled,  and  it  is  hoped  that  by  publishing  the  modification  of  them  herein 
they  may  be  of  value  and  of  general  interest  to  readers  of  this  journal. 
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SHELL -MIDDENS  OF  THE  PORIRUA  DISTRICT. 

By  Elsdon  Best,  Dominion  Museum. 

The  most-favoured  places  of  residence  around  Porirua  in  the  days  of  native 
occupation  seem  to  have  been  Titahi,  Onehunga,  Paremata,  and  Hongoeka, 
to  judge  from  the  signs  of  such  occupation  in  the  form  of  shell-middens  and 
other  tokens  of  former  residence.  In  addition  to  these,  other  but  probably 
smaller  hamlets  were  situated  at  many  different  places  around  the  harbour 


and  on^the  outer  coast-line.  In  many  cases  these  Porirua  middens  have 
suffered  much  from  the  trampling  of  stock,  drifting  sand,  andjother  agencies 
since  the  settlement  of  the  district  by  Europeans,  and  in  some  cases  have 
become  entirely  covered  with  a  sward  of  our  cultivated  grasses.  In  these 
latter  cases  the  existence  of  such  buried  shell-heaps  has  in  a  number  of  cases 
been  made  known  to  the  writer  by  the  burrowing  rabbit,  a  true  friend  in 
some  respects  to  the  peripatetic  archaeologist. 

Titahi  Bay. 

The  first  visit  made  by  the  writer  to  Titahi  occurred  in  the  year  1863, 
but  at  that  time  he  was  not  so  much  interested  in  the  middens  of  neolithic 
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man  as  in  wild  surmises  as  to  which  of  the  foreign  lands  in  sight  was  the 
England  of  which  he  had  heard  some  vague  rumours. 

There  are  two  old  village-sites  at  Titahi  which  tradition  claims  date  from 
long-past  centuries,  apart  from  other  signs  of  occupation  at  Koangaumu 
and  Te  Pa-o-Kapo,  the  south  and  north  heads  of  the  bay.  One  of  these  is 
situated  on  the  level  terrace-like  formation  overlooking  the  middle  area  of 
the  bay,  and  the  other  on  a  small  terrace  at  the  southern  side. 

Commencing  with  the  first-mentioned  of  these  sites,  we  find  that  the 
shell-refuse  about  the  village-site  is  composed  principally  of  Mesodesma 
australe,  Chione  stutchburyi,  and  Amphibola  crenata.  The  first  two  were 
possibly  obtained  from  the  sandy  beach  immediately  below  the  old 
village-site,  but  the  third  must  have  been  brought  from  the  shores  of  the 
inner  harbour,  where  this  air-loving  creature  is  still  abundant  at  Onepoto 
and  on  the  opposite  shore  north  of  Papa-kowhai.  It  certainly  was  not 
obtained  from  the  outer  coast-line,  which  is  never  frequented  by  this 
mollusc.  As  an  illustration  of  the  singular  distribution  of  shells  in  middens 
of  a  restricted  area,  it  is  interesting  to  note  that  the  old  village-site  near 
the  edge  of  the  terrace  shows  principally  Chione  and  Mesodesma ,  with 
but  few  Amphibola,  whereas  but  a  few  chains  away  is  a  midden  of  consider¬ 
able  size  composed  principally  of  Amphibola.  The  matter  is  a  somewhat 
puzzling  one.  It  is  quite  possible  that  the  two  lots  of  refuse  belong  to 
different  periods,  which  might  assist  in  an  explanation.  Were  the  two 
species  of  bivalves  scarce  here  when  the  Amphibola  was  so  largely  used  ? 
Or  was  this  univalve  brought  hither  by  members  of  a  clan  possessing  no 
rights  to  the  foreshore  or  to  local  food-supplies  ?  This  latter  theory  is  quite 
a  feasible  one,  inasmuch  as  it  was  not  infrequently  the  case  that  a  numerically 
weak  clan  or  family  group  made  arrangements  to  reside  with  another 
clan  or  village  community  simply  for  the  purpose  of  security.  In  such  a 
case  the  guest  group  would  invariably  occupy  a  certain  area  of  the  village, 
and  not  live  among  the  original  occupants.  Also,  they  would  obtain  supplies 
of  food  from  their  own  lands,  though  they  might  be  allotted  the  use  of  land 
near  the  village  for  cultivation  purposes. 

The  shells  found  at  this  place  are :  Chione  stutchburyi ,  Mesodesma 
australe ,  and  Amphibola  crenata ,  numerous ;  and  also  Haliotis  iris,, 
H.  australis,  Cominella  sp.,  Thais  haustrum,  T.  succincta,  Astraea  sulcata, 
Turbo  smaragdus,  Phalium  (?  labiatum) ,  Helcioniscus  spp.,  and  fragments 
of  Mytilus  sp.  and  Echinus. 

This  list  shows,  without  further  proof,  that  the  folk  of  this  village  had 
access  to  both  sandy  beach  and  rocky  coast-line,  as  well  as  the  shores  of 
the  harbour.  The  great  bulk  of  the  refuse,  however,  is  composed  of  the 
first  three  species  in  the  list,  two  sand-frequenting  bivalves  and  a  univalve 
that  seeks  brackish  water  where  a  creek  disembogues  on  to  an  area  of 
mingled  sand  and  mud. 

Astraea  sulcata  is  evidently  numerous  in  this  region,  for  great  quantities 
of  this  shell  are  seen  lying  at  and  just  above  high-water  mark  on  the  eastern 
side  of  Mana  Island.  Glycymeris  laticostata  was  not  found  at  the  Titahi 
middens,  but  many  of  these  shells  are  seen  just  above  high-water  mark  at 
the  Bridge  Pa,  or  Komanga-rautawhiri,  one  mile  and  a  half  south  of  Titahi. 
Most  of  these  shells,  which  are  exceedingly  strong,  have  been  riddled  with 
borings  of  some  marine  creature. 

A  part  of  the  old  village-site  has  been  covered  by  the  drifting  sand, 
but  on  the  exposed  area  of  the  original  surface  are  great  numbers  of  stones 
that  have  been  brought  up  from  the  beach.  The  majority  of  these  doubtless 
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are  old  oven-stones,  but  the  larger  ones  would  be  anvils  and  hearth-stones. 
The  presence  of  small  gravel  in  the  soil  of  parts  of  the  surrounding  land 
suggest  that  the  Jcumara  has  been  cultivated  here  in  past  generations. 

The  Titahi  middens  being  easily  accessible,  it  follows  that  few  objects 
of  interest  are  to  be  found  on  the  surface.  The  following  articles  were 
picked  up  by  the  writer  :  A  stone  hammer  (greywacke)  ;  a  small  stone 
adze  made  from  a  heavy  flake  ;  ten  keen-edged  flakes  of  greywacke,  used 
as  knives  or  struck  off  in  the  process  of  fashioning  an  implement  ;  a  stone 
cutter  ;  flake  of  obsidian  ;  piece  of  a  human  jaw  ;  two  butt  ends  of  stone 
adzes  affected  by  drifting  sand.  On  the  old  pa  at  Tomahawk  Point  a 
worked  stone  sinker  and  a  piece  of  silicified  argillite  were  found.  This 
was  the  only  fish-line  sinker  found  in  this  neighbourhood  by  the  writer, 
and  the  scarcity  of  these  simple  artifacts  in  the  Wellington  district  has 
been  a  source  of  surprise.  The  natives  of  these  parts  depended  largely  on 
the  sea  in  regard  to  food-supplies,  and  the  greater  part  of  the  coast-line 
was  not  suitable  for  the  manipulation  of  nets,  yet  line -sinkers  are  rarely 
found.  The  natives  were  not  as  a  rule  given  to  using  unworked  stone  for 
the  purpose.  In  1914  some  forty-odd  grooved  net-sinkers  were  found  in 
half  an  hour  near  the  mouth  of  the  Waitara  River. 

A  peculiarity  of  this  Titahi  midden,  as  also  of  others  at  Urenui  and 
Onehunga  (Auckland),  consists  of  a  remarkable  number  of  diminutive  shells 
that  could  not  have  been  collected  as  part  of  a  food-supply.  One  can  but 
marvel  why  they  should  have  been  carried  hither  from  the  beach. 

The  work  of  collecting  shell-fish  was  one  performed  by  women  as  a 
rule,  but  men  took  part  in  the  task  of  gaining  such  species  as  Haliotis,  as 
also  the  koura,  or  crayfish.  Both  sexes  were  expert  at  the  art  of  ruku  paua , 
or  obtaining  the  Haliotis  by  diving- — if  the  latter  expression  be  correct 
when  describing  the  Maori  mode  of  descending  feet  first. 

The  other  midden,  at  the  southern  side  of  the  bay,  calls  for  no  special 
remark,  the  shells  seen  being  of  the  same  species,  but  no  large  number  of 
Amphibola  [are  seen. 

The  Onehunga  Midden. 

This  Onehunga  is  a  shallow  indentation  about  a  mile  from  Titahi  and 
on  the  southern  side  of  the  entrance  to  Porirua  Harbour.  The  words  one 
hunga  denote  a  sandy  beach,  hence  they  form  a  jdace-name  jnet  with  in 
many  districts.  A  short  walk  from  Titahi  across  the  eastern  slopes  of 
Whitireia  (Mount  Cooper)  takes  one  to  Onehunga,  at  which  place  is  the 
site  of  an  old  village.  At  this  place  is  a  shell-midden  in  which  were  found 
shells  of  twenty-seven  different  species  of  mollusca,  the  greatest  number 
found  in  any  midden  of  the  district,  including  Wellington  and  Paekakariki. 

The  shells  found  here  were  Chione  stutchburyi  (the  most  numerous), 
Haliotis  iris ,  H.  australis,  Amphibola  crenata,  Turbo  smaragdus,  Mytilus 
edulis,  Echinus,  Helcioniscus,  Thais  haustrum,  T.  succincta,  Mesodesma 
australe,  M.  subtriangulatum,  Voluta  arabica  elongata,  Struthiolaria  papulosa , 
Siphonalia  nodosa,  Phalium  achatinum  pyrum,  Turritella,  Cominella  maculata , 
C.  maculosa,  Siphonalia  mandarina,  S.  dilatata(? ) ,  Tellina  deltoidalis,  Scutus 
ambiguus,  Cantharidus,  Calliostoma,  Pinna,  and  Monodonta. 

There  was  also  probably  another  species  of  Mytilus  (?  canaliculus).  Apart 
from  Turritella  and  Monodonta,  we  have  here  twenty-five  species  that  ap¬ 
parently  all  came  under  the  heading  of  food-supplies,  the  different  species 
showing  that  these  folk  worked  both  sandy  and  rocky  beaches,  as  also  the 
shores  of  the  inner  harbour,  for  Amphibola  crenata  is  not  found  in  the  outer 
bay.  It  seems  strange  that  Astraea  sulcata  was  not  found  at  this  midden, 
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for  a  considerable  number  were  seen  at  an  old  village-site  a  short  distance 
away.  The  rocks  fringing  the  wild  headland  of  Whitireia  probabl  pro¬ 
vided  many  of  the  univalves. 

Onepoto. 

This  is  the  name  of  a  small  inlet  on  the  western  side  of  the  southern  arm 
of  the  harbour,  nearly  opposite  the  Paremata  railway-station  (not  Paremata 
proper,  which  is  north  of  the  bridge).  A  small  stream  flows  into  this  inlet, 
which  accounts  for  the  presence  of  myriads  of  Amphibola  crenata.  It  is  of 
interest  to  note  that  no  shells  of  this  species  were  seen  in  the  middens  at 
this  place,  though  numerous  in  the  middens  of  Titahi,  at  which  place  they 
cannot  have  been  obtained. 

On  the  northern  side  of  the  inlet  is  a  small  shell-midden  almost  entirely 
composed  of  shells  of  Chione  stulchburyi,  with  a  few  Mesodesma  and  Cominella. 
On  the  southern  side  of  the  inlet,  but  a  few  chains  away,  is  a  deposit 
composed  of  Mesodesma  australe.  A  little  way  north  of  Paekakariki  a 
similar  case  was  noted,  wherein  of  two  middens  a  few  chains  apart  one  was 
almost  entirely  composed  of  shells  of  Mesodesma  subtriangulatum,  the  other 
of  those  of  Dosinia  anus.  It  looks  as  though  there  might  be  some  truth  in 
the  statement  made  by  old  natives  that  shell-fish,  at  least  such  bivalves  as 
cockles,  Mesodesma,  -  & c.,  occasionally  desert  a  section  of  beach  and  migrate 
elsewhere  in  search  of  a  new  location,  when  they  may  be  seen  in  the  act  of 
migrating,  moving  with  their  “  tongues  ”  out  of  the  water,  as  the  Maori 
puts  it. 

Paremata. 

This  seems  to  have  been  one  of  the  oldest  of  native-village  sites  in  the 
Porirua  district,  to  judge  from  the  fact  that  bones  of  the  moa  have  been 
there  found,  also  from  the  amount  of  village  debris  formerly  visible.  This 
settlement  was  situated  on  the  eastern  side  of  the  railway-line,  a  little  way 
north  of  the  bridge.  The  greater  part  of  it  is  now  covered  with  drift  sand, 
hence  there  is  nothing  visible  that  is  worth  special  notice,  most  of  the  shell- 
refuse  has  been  so  hidden.  A  considerable  number  of  stone  implements 
have  been  found  here. 

A  number  of  small  middens  on  either  side  of  the  eastern  arm  of  the 
harbour  are  composed  almost  entirely  of  Chione  stulchburyi,  and  call  for 
no  further  notice. 

The  Taupo  (Plimmerton)  Midden. 

An  interesting  midden  may  be  seen  on  the  eastern  side  of  the  railroad, 
between  the  station  and  Tawhiti-kuri  (the  rocky  bluff  south  of  the  station), 
which  is  composed  of  the  refuse  from  a  hamlet  that  was  situated  on  the 
hillside.  At  this  place  Chione  stulchburyi  is  found  in  the  greatest  number, 
obtained  from  the  adjacent  sandy  beach,  the  tahuna  pipi,  or  “  pipi  bank,” 
as  early  settlers  termed  such  cockle-bearing  sands.  In  the  following  list  of 
shells  found  in  this  midden  the  species  are  so  arranged  that  those  found  in 
greatest  number  occupy  first  place,  and  so  in  descending  order  down  to  the 
small  Turritella  and  Monodonta,  of  which  very  few  were  found  :  Chione 
stutchburyi,  Turbo  smaragdus,  Haliotis  iris,  H.  australis,  Astraea  sulcata, 
Mesodesma  subtriangulatum,  Cominella  maculata,  Mesodesma  australe,  Dosinia 
anus,  Amphiboh  crenata,  Thais  succincta,  Mytilus  canaliculus,  M.  edulis, 
Thais  haustrum,  Voluta  arabica,  Turritella  rosea,  and  Monodonta  aethiops. 

Other  objects  found,  part  from  oven-stones,  were  :  Part  of  a  jaw  of 
Orca  pacifica  with  teeth,  the  tooth  of  same  cut  half-way  through  longitudinally 
by  means  of  a  stone  cutter,  bones  of  fish  and  birds,  and  human  bones. 
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Paekakariki  Middens. 

At  Te  Paripari,  about  half  a  mile  south  of  Paekakariki,  commences  a 
series  of  sandhills  that  extend  far  up  the  coast,  on  and  between  which  were 
situated  many  native  hamlets  in  former  times.  Such  signs  of  former  occupa¬ 
tion  as  shell-middens  and  village-sites  are  almost  continuous  for  miles  in 
some  areas.  Most  of  these  remains  date  from  pre-European  times,  and 
many  of  them  must  be  centuries  old.  Wind-breaks  followed  by  sand-drift 
have  covered  some  of  the  shell-heaps  and  exposed  others,  while  some  of  the 
sandhills  show  several  layers  of  shells  and  other  debris  separated  by  deposits 
of  drift  sand  of  varying  depth,  possibly  betokening  abandonment  and  re¬ 
occupation  of  the  site.  In  some  cases  a  shell-midden  occupies  the  sharp 
summit  of  a  hillock,  showing  that  the  winds  have  removed  a  higher  part 
formerly  occupied  by  natives,  for  assuredly  no  native  woman  would  carry 
her  cookhouse-refuse  uphill.  A  considerable  number  of  stone  and  bone 
implements  have  been  found  in  this  vicinity.  The  late  Mr.  Hamilton  here 
collected  nearly  one  hundred  stone  adzes  and  parts  of  such  implements. 
When  a  pond  that  formerly  existed  near  the  hotel  was  drained  some  wooden 
weapons— spears — were  found  in  the  bed  thereof.  The  rapid  growth  of 
certain  introduced  sand-binding  plants  along  this  coast  has  much  impeded 
the  work  of  relic-hunters. 

For  some  miles  along  this  coast  the  great  majority  of  the  shell-heaps 
are  composed  principally  of  Mesodesma  subtriangulatum,  but  in  a  few  cases 
their  place  is  taken  by  Dosinia  anus.  In  two  places,  fully  a  mile  apart, 
heaps  composed  principally  of  the  latter  shells  are  seen  but  a  few  chains 
away  from  others  composed  almost  entirely  of  Mesodesma  subtriangulatum. 
Taking  the  whole  series,  however,  between  Te  Paripari  and  the  beach  road 
from  Paraparaumu,  the  following  list  gives  a  fair  idea  of  the  shells  found  in 
the  heaps  :  Mesodesma  subtriangulatum ,  Dosinia  anus ,  Spisula  aequilateralis, 
Mactra  discors,  Haliotis  iris,  H.  australis,  Calliostoma  selectum,  Thais 
succincta,  T.  haustrum,  Siphonalia  nodosa,  Siphonalia  sp.,  Strutliiolaria 
papulosa,  Helcioniscus  (2  spp.),  Voluta  arabica  elongata,  Mytilus  edulis,  M. 
canaliculus,  Turbo  smaragdus,  Astraea  sulcata,  Monodonta  aethiops,  Cominella 
maculosa,  Ghione  stutchburyi,  C.  costata,  C.  yatei,  Phalium  achatinum  pyrum, 
and  Atrina  zelandica. 

The  above  names  are  arranged  roughly  in  about  the  order  in  which  the 
various  species  were  seen,  as  regards  numbers.  It  would  appear  that  the 
folk  occupying  these  numerous  hamlets  obtained  shell-fish  from  both  sandy 
beach  and  rocky  coast-line,  possibly  visiting  Kapiti  in  their  canoes.  Very 
few  Chione  shells  are  seen  in  these  middens ;  and  that  genus,  or  at  least 
C.  stutchburyi,  seems  to  prefer  the  inner  beaches,  as  of  harbours  and 
estuaries,  to  exposed  coast-lines.  It  is  not  improbable  that  the  shells  of 
this  species  found  in  the  Titahi  middens  were  conveyed  thither  from  the 
sandy  beaches  of  the  harbour  between  Kenepuru  and  Kahotea. 

A  single  shell  of  the  tohemanga  ( Mactra  elongata )  was  seen  at  Paekaka¬ 
riki.  The  southern  limit  of  the  species  on  this  beach  appears  to  be  about 
Waikanae  ;  they  are  plentiful  about  Otaki. 

The  above  lists  tend  to  show  that  all  was  fish  that  came  to  the  Maori 
net.  The  natives  seem  to  have  included  in  their  food-supplies  all  shell¬ 
fish  large  enough  to  repay  the  labour  of  collection,  including  many  species 
not  eaten  by  us.  Haliotis  iris  was  prized  on  account  of  its  size  ;  these 
and  cockles  were  dried  by  the  Maori,  and  utilized  as  a  winter  food-supply. 
The  writer  has  seen  Italians  collecting  Haliotis  for  food  purposes  on  the 
Californian  coast. 
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Human  bones,  as  also  those  of  dogs,  fish,  and  birds,  were  found  in  the 
shell-heaps.  In  one  case  nearly  all  the  larger  bones  of  (apparently)  a  young 
man  or  woman  were  found  at  one  spot,  possibly  the  relics  of  a  cannibal  feast 
of  pre-European  times. 

Between  Te  Paripari  and  Hongoeka  (in  Porirua  Harbour)  no  shell-heaps 
are  seen.  The  refuse  from  the  settlements  at  Pukerua  and  Wairaka  would 
have  been  cast  over  the  cliff-head,  and  so,  in  later  days,  become  covered 
with  debris. 

A  number  of  flakes  of  obsidian  were  found  at  Paekakariki,  evidence  of 
a  system  of  barter  among  native  tribes  in  former  times,  for  this  useful 
material,  flakes  of  which  were  used  as  knives,  must  have  been  conveyed 
hither  from  northern  regions.  Flakes  of  a  form  of  chert  of  a  pinkish  colour 
were  also  found,  probably  the  refuse  of  some  implement-maker.  This  kind 
of  stone  is  called  manutea  by  Taranaki  natives,  who  fashioned  adzes  from  it. 


NEUTRAL  POINT  ON  A  DELTA -CONNECTED  SET  OF 
THREE-PHASE  TRANSFORMERS. 

By  E.  E.  Stark,  B.Sc.,  F.A.I.E.E. 

At  Dunedin,  New  Zealand,  in  1906  the  writer  advocated  the  use  of  a  star 
system  of  distribution  for  the  Waipori  electric  system.  It  had  been  proposed 
by  the  city’s  contracting  firm  to  install  a  delta  system  of  distribution.  The 
final  lay-out  of  the  transforming-system  installed  is  as  follows  :  A  trans¬ 
mission  scheme  consisting  of  delta  star-connected  transformers  at  the  power¬ 
house,  with  a  neutral  on  the  35,000-volt  high-tension  side  grounded.  At 
the  receiving-station  the  transformers  were  connected  on  the  high-tension 
side  in  star  with  the  neutral  grounded,  and  the  3,000-volt  low-tension  side 
in  delta,  thus  giving  no  available  neutral  for  a  local  distribution  at  3,000  volts. 

For  simplicity  of  regulation  on  the  independent  phases  of  a  three-phase 
system  undoubtedly  the  star  system  lends  itself  better  than  the  delta  system, 
one  other  advantage  of  the  star  system  being  in  its  capacity  to  deliver  a 
single-phase  supply  over  one  wire,  using  the  earth  as  a  return.  The  usual 
advantage  of  a  delta-connected  set  of  transformers,  in  that  two  transformers 
can  be  operated  as  an  open  delta,  still  exists  with  a  star  system  if  the  neutral 
has  a  return  either  by  separate  wire  or  by  earth  ;  and  besides  this  there  is 
the  usual  advantage  of  using  lower-voltage  transformers  than  could  be  done 
in  the  delta  system  of  connection. 

With  these  advantages  in  view  the  writer  set  to  work  to  devise  a  means 
to  meet  the  change,  as  the  step-down  transformers  had  already  been  ordered. 
It  was  found  impossible  to  alter  the  secondary  winding  of  these  transformers, 
and,  further,  it  was  considered  that  the  mixed  connection  of  star  to  delta 
with  three  transformers  has  a  limited  tendency  to  equalize  the  out-of¬ 
balance  of  the  loads  on  the  various  phases.  This  out-of-balance  condition 
is  almost  inevitable  in  a  system  supplying  large  single-phase  loads. 

Various  schemes  of  static  transformers  and  choke-coils  were  proposed 
for  obtaining  the  artificial  neutral  from  the  delta  system,  but  abandoned, 
as  these  systems  did  not  transfer  the  energy  from  a  lightly-loaded  higher- 
voltage  phase  to  a  heavily-loaded  low-voltage  phase. 
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Fortunately,  synchronous  motor-generators  had  been  ordered  for  the 
tramway  system  which  were  star- wound,  and  experiments  were  immediately 
made  to  ascertain  the  effect  of  ■  arthing  the  neutral  of  these  synchronous 
motors.  The  results  of  these  experiments  were  perfectly  satisfactory,  and 
it  was  found  that  the  load  could  be  put  on  one  phase  or  two  phases  to  earth  ; 
and  the  effect  was  such  as  to  cause  no  appreciable  change  in  the  delivered 
voltage,  whereas  when  load-transformers  only  were  used  connecting  the 
phase-lines  to  an  earth  used  as  neutral  there  was  a  great  variation  in  voltage 
of  the  phases.  In  the  extreme  case  of  no  load  on  one  phase  and  equal 
loads  on  the  other  two  phases  we  obtained  nearly  86  per  cent,  of  the  correct 
voltage  on  the  loaded  phase,  and  the  unloaded  phases  gave  nearly  173  per 
cent,  of  the  proper  voltage. 

The  same  scheme  of  obtaining  an  artificial  neutral  on  a  three-phase 
system  can  be  adopted  in  a  400-volt  delta  system  for  light-distribution  by 
the  use  of  a  star-wound  induction  motor,  by  earthing  its  neutral.  The 
regulation,  of  course,  will  be  governed  by  the  capacity  of  the  motor. 

The  A.C.  system,  it  will  therefore  be  seen,  lends  itself  much  more  simply 
to  balance  than  that  of  a  three-wire  D.C.  system,  if  advantage  is  taken  of 
the  motor  capacities  to  transfer  the  energy  from  one  phase  to  the  other. 
An  extreme  illustration  of  this  was  observed  during  the  first  few  months  of 
the  Waipori  system  at  Dunedin.  One  line  of  the  transmission  system 
became  open-circuited  on  a  pole  near  the  power-house,  and  was  unobserved 
for  several  hours.  The  loads  at  the  receiving  end  remained  in  balance,  due 
to  the  transfer  of  energy  by  the  synchronous  motor  to  the  other  phases  of 
the  distributing-system.  The  two  sets  of  transformers  at  the  power-house 
and  the  receiving  end  were  operated  on  the  two  remaining  transmitting- 
phases  through  the  ground  return.  If  the  older  practice  had  been  followed 
as  required  by  the  various  licenses  issued,*  in  which  they  require  earthing 
to  the  neutral  at  one  point,  and  one  point  only,  it  would  have  been  impos¬ 
sible  to  have  operated  this  system  with  one  line  open. 

The  writer  is  a  strong  advocate  of  the  earthing  of  the  neutral  of  a  three- 
phase  system,  and  advises  not  only  the  earthing  of  the  neutral  at  each  end, 
but  at  each  point  of  receiving  the  energy,  and  as  many  other  points  as  may 
be  convenient. 

A  recent  experiment  with  a  small  induction  motor  gave  the  following 
results  : — - 

No-load  voltages — A  to  neutral,  240  ;  B  to  neutral,  240  ;  C  to 
neutral,  240. 

With  4-38  amp.  on  A;  voltage  to  neutral — A,  236,  i.e.,  1-7  per  cent, 
down  ;  B,  244,  i.e.,  1*7  per  cent,  up  ;  C,  240. 

With  4-45  amp.  on  A  and  4-45  amp.  on  B  ;  voltage  to  neutral — 
A,  234,  i.e.,  2J  per  cent,  down  ;  B,  240  ;  C,  246,  i.e.,  2J  per 
cent.  up. 

With  equal  load  of  4-46  loads  on  A,  B,  and  C,  the  voltages  to  neutral 
were— A,  240  ;  B,  240  ;  C,  240. 

The  writer  thinks  the  above  may  be  used  advantageously  in  the  solution 
of  some  of  the  problems  of  an  unbalanced  three-phase  distribution,  and  this 
is  his  excuse  for  making  such  an  apparently  simple  scheme  known,  as  he 
has  not  seen  it  published  elsewhere.  The  only  precaution  to  be  taken  is 
in  that  of  metering,  and  it  will  be  found  impossible  to  meter  on  the  usual 
power-meters  having  two  elements.  A  three-element  meter  or  three  single¬ 
phase  meters  must  be  used. 


*  New  Zealand  Gazette,  25th  September,  1913,  and  29th  Ajml,  1915. 
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FIRE  HAZARD  OF  ELECTRICAL  INSTALLATIONS. 

By  F.  R.  Shepherd,  Electrical  Inspector,  Council  of  the  Eire 
Underwriters’  Associations  of  New  Zealand. 

This  paper  is  not  intended  to  create  a  scare  against  electricity  as  a  fire- 
raiser,  but  is  an  endeavour  to  show  some  of  the  causes  whereby  a  conflagra¬ 
tion  might  arise  from  its  use.  Perhaps  I  should  say  “  abuse,”  for  I  have  no 
hesitation  in  saying  at  the  outset  that  it  can  be  made  the  safest  and  best 
of  all  artificial  illuminants,  while  it  stands  without  a  rival  as  a  motive  power. 
It  must,  however,  be  admitted  that  electricity,  on  account  of  its  subtle 
nature,  may  be  a  very  serious  fire  hazard,  as  was  instanced  by  the  con¬ 
flagration  of  March,  1916,  in  Augusta,  Georgia,  U.S.A.,  involving  a  property 
loss  of  over  four  million  dollars,  and  caused,  it  is  believed,  by  an  electric 
pressing-iron  left  in  circuit  m  a  dry-goods  store. 

An  electrical  outbreak  can  generally  be  traced  to  one  of  the  following 
causes :  faulty  material,  bad  workmanship,  moisture,  or  neglect.  Unless 
it  is  a  particularly  glaring  case,  involving  one  or  more  of  the  above  causes, 
it  is  not  to  be  expected  that  the  uninitiated  can  know  anything  of  the 
possible  hazard,  and  for  this  reason  it  is  absolutely  necessary  that  each 
installation  should  be  inspected  before  it  is  connected  with  the  source  of 
supply.  In  the  case  of  large  installations,  whether  for  lighting  or  power, 
other  factors  besides  the  fire  hazard  should  be  taken  into  consideration — 
such  as  disposition  of  lights,  sizes  and  location  of  motors — in  order  that  the 
best  results  may  be  obtained  consistent  with  economy  of  current,  and  it 
will  invariably  be  found  that  a  saving  in  capital  and  running-costs  can  be 
effected  by  consulting  an  electrical  expert.  To  accept  the  lowest  tender 
simply  because  it  is  the  lowest,  and  not  to  take  into  consideration  the  class 
of  material  and  apparatus  offered,  is  a  very  unwise  policy,  and  ultimately 
more  costly  in  most  cases. 

In  this  direction  some  very  excellent  advice  is  offered  in  the  preface 
to  the  wiring  rules  of  a  leading  insurance  company,  which  reads  as  follows  : 
“  If  you  put  up  electrical  work  to  tender,  remember  this  :  that  any  firm 
by  arranging  to  place  inferior  quality  of  work  in  your  premises  can  easily 
underprice  other  firms  that  are  more  conscientious  ;  and  experience  proves 
that  inferior  work  may  result  in  a  fire  breaking  out  sooner  or  later— perhaps 
between  floors  and  ceilings,  behind  wainscotting,  or  inside  roofs.  Be  careful, 
therefore,  previous  to  accepting  a  low  tender,  to  make  yourself  certain 
that  the  same  quality  of  work  has  been  estimated  for  and  intended  to  be 
done  as  that  of  a  higher  tender.” 

Under  the  *  heading  of  faulty  material  I  include  badly  designed 
apparatus — such  as  motors  and  their  starters,  generators,  resistances, 
fuses,  switches,  lamp-holders,  fittings  of  all  descriptions,  cooking  and 
heating  apparatus,  plugs  and  conduits— and  shoddy  wires.  The  general 
run  of  materials  and  apparatus  on  the  market  at  the  present  time 
is  of  excellent  design  and  good  finish,  but,  as  in  the  case  of  every 
other  commercial  product,  a  lot  of  shoddy  stuff  is  also  made  to  meet 
competition.  The  Institutes  of  Electrical  Engineers  in  both  Britain  and 
America  have  devoted  considerable  time  and  thought  to  setting  up 
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standards  for  the  various  materials  used ;  and  if  all  the  manufacturers 
would  make  a  point  of  complying  with  these  standards  the  results 
aimed  at,  efficiency  and  safety,  would  be  secured  and  the  danger  would  be 
reduced  to  a  minimum.  The  foreign  manufacturer  is  the  greatest  offender 
in  this  respect,  although  the  Britisher  is  not  wholly  blameless,  while  we, 
the  consumers,  must  take  our  share  of  the  responsibility  for  purchasing  and 
using  such  products,  knowing  full  well  that  they  are  far  below  the  standards, 
and  in  many  cases  hazardous. 

Shoddy  wire  is  a  constant  source  of  trouble,  and  is  at  times  very  difficult 
to  detect.  Some  of  it  is  so  bad  that  its  poor  quality  is  seen  at  the  first  glance, 
while  some  is  so  deceptive  in  appearance  that  only  a  proper  test  will 
disclose  it.  This  latter  class  of  wire  will  frequently  give  a  good  test  when 
newly  installed,  and  would  be  passed  by  an  inspector,  but  with  age  its 
insulating-properties  rapidly  deteriorate  and  the  fire  hazard  is  increased. 
The  contractor  is  not  wholly  to  blame  for  using  some  of  the  brands  of  this 
type,  because  he  has  not  the  necessary  apparatus,  which  is  rather  costly, 
for  testing  the  wire,  and  he  is  usually  content  to  accept  the  word  of  the 
manufacturer’s  agent  that  it  is  up  to  the  standard  ;  or  he  may  be  largely 
influenced  by  the  label  on  the  wire,  which  in  too  many  cases  is  absolutely 
misleading.  There  seems  to  be  only  one  practical  way  to  combat  the  evil, 
and  that  is  for  the  underwriters’  and  supply-authorities’  inspectors  to  pass 
no  installation  unless  the  wire  used  has  the  maker’s  name  or  brand,  pre¬ 
viously  approved,  printed  continuously  on  the  tape  surrounding  the  rubber 
insulation  under  the  outer  braiding.  This  system  of  branding  wires  was 
first  adopted  by  the  members  of  the  Cable-makers'  Association,  and  there 
is  nothing  whatever  to  prevent  a  non-member  adopting  the  same  course. 
That  would  enable  any  length  of  wire  to  be  easily  identified,  and  the  system 
should  be  welcomed  by  any  firm  that  is  not  ashamed  to  have  its  name 
associated  with  its  products.  If  they  are,  then  let  us  do  without  their  goods. 
Since  the  outbreak  of  the  Great  War  much  shoddy  stuff,  including  wires 
and  cables,  ceiling-roses,  switches,  and  lamp-holders,  has  found  its  way 
into  the  Dominion,  and  the  position  has  been  accentuated  by  the  restricted 
exports  from  the  British  factories. 

Electric  wires  should  always  be  protected  against  mechanical  injury, 
and  for  that  purpose  the  best  protection  is  to  enclose  the  wires  in  enamelled 
screwed  steel  conduit.  If  the  wiring  is  outside  a  building,  such  as  under 
verandas,  &c.,  or  in  situations  where  subject  to  steam  or  moisture,  the 
conduit  should  be  galvanized  to  prevent  rusting.  The  conduits  should  be 
first  installed  complete,  and  the  wires  drawn  through  after.  It  is  bad 
practice  to  thread  the  wire  through  the  conduit  and  then  screw  up  the 
latter,  because  the  wires  inside  are  twisted,  with  the  result  that  the 
insulation  is  damaged,  and  the  possible  fire  hazard  again  introduced.  At 
all  outlet-points — that  is,  the  position  for  ceiling-roses,  fitting,  or  switch — 
the  conduit  should  terminate  in  a  metal  outlet-box  having  a  vulcanite 
cover,  and  the  wires  passed  out  through  two  holes.  A  wooden  block, 
recessed  at  the  back,  is  screwed  over  the  cover,  and  the  ceiling-rose,  fitting, 
or  switch  mounted  thereon.  It  will  thus  be  seen  that  the  wires  are 
protected  right  through  in  proper  channels  to  the  terminals  of  the  fitting, 
and  are  perfectly  safe.  In  the  case  of  switches,  elbows  are  frequently  used 
in  place  of  the  metal  box,  and  the  end  fitted  with  a  wood  or  ebonite  bush 
to  prevent  the  wires  chafing  against  the  sharp  edge  of  the  metal  elbow. 
If  carried  out  by  an  experienced  wireman  the  job  can  be  made  safe  enough, 
but  at  times  I  find  the  bush  is  missing  and  the  wires  jammed  between  the 
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hard  wood  block  and  sharp  edge  of  the  elbow  :  result,  insulation  is  cut,  and 
in  due  time  a  leak  sets  up,  frequently  causing  an  incipient  fire  at  the  back 
of  the  wood  block.  This  trouble  is  liable  to  occur  at  any  outlet-point  where 
the  metal  box  or  bush  has  been  omitted. 

Conduit  runs  must  be  electrically  and  mechanically  continuous  through¬ 
out  their  length,  and  efficiently  earthed.  “  Earthed  ”  means  that  the 
conduit  shall  be  electrically  connected  with  the  general  mass  of  earth  in 
such  a  manner  as  will  ensure  at  all  times  an  immediate  discharge  of 

electrical  energy  without  danger.  This  is  done  by  connecting  one  end  of  a 

piece  of  copper  wire  to  the  conduit,  and  the  other  end  to  a  water-pipe 
forming  part  of  a  town  supply.  Where  there  is  no  public  water-supply 

a  6  ft.  length  of  1  in.  iron  pipe  is  driven  into  the  ground,  and  the  copper 

wire  attached  to  that.  Proper  earthing  is  of  the  utmost  importance  not 
only  to  guard  against  the  fire  hazard,  but  also  to  guard  against  the  danger 
of  shock.  If  there  is  a  leak  on  to  the  conduit  and  the  conduit  be  not 
earthed,  or  only  partially  earthed,  there  is  a  grave  risk  of  a  very  severe 
shock  being  received  by  any  person  touching  it,  especially  if  the  floor  is 
damp,  as  in  a  bathroom,  or  consists  of  earth  or  concrete.  Again,  if  the 
person  touched  the  conduit  with  one  hand,  and  a  gas  or  water  pipe,  or  any 
metal  connected  with  the  earth,  with  the  other  hand  or  any  part  of  the 
body,  a  severe  shock  would  be  the  result,  even  if  the  person  were  insulated 
by  a  dry  floor,  carpet,  or  wooden  box.  The  fire  hazard  in  this  case  might 
be  due  to  a  partial  contact  with  metal,  or  moisture  round  the  conduit  due 
to  leaky  roofs  or  washing  of  floors. 

Several  types  of  grip-joint  fittings  have  been  introduced  as  competitors 
to  the  screwed  conduit,  but  they  are  not  so  reliable,  and,  unlike  the  screwed, 
there  is  a  limit  to  the  situations  in  which  they  may  be  used.  One  of  the 
principal  objections  is  the  liability  of  broken  electrical  continuity,  resulting 
in  bad  earthing.  Plain  slip-joint  conduit — that  is,  conduit  having  no  grip 
or  means  of  clamping  .at  the  joints— is  not  permitted  under  any  circum¬ 
stances. 

The  next  method  usually  employed  for  protecting  conductors  is  by 
enclosing  them  in  wood  casing.  It  was  used  to  a  very  considerable  extent 
before  being  displaced  by  conduit,  and  in  the  days  when  the  voltage  seldom 
exceeded  100  or  110,  but  has  come  to  life  again  owing  to  the  high  price 
of  conduit  brought  about  by  the  present  war.  I  must  say  that  I  have 
no  great  favour  for  wood  casing  with  the  usual  pressure  of  230  volts,  and 
many  supply  engineers  prohibit  its  use  on  their  systems.  Casing  should 
be  made  from  hard  woods,  and  conductors  of  opposite  polarity  must  be 
kept  apart  by  a  continuous  fillet.  No  joints  or  crossing  of  wires  are 
permitted.  It  must  not  be  buried  in  plaster,  run  under  floors  or  behind 
wainscotting,  and  under  no  circumstances  must  it  be  used  in  damp 
situations.  Moisture  in  wood  casing  is  extremely  hazardous,  and  wood 
casing  should  always  be  well  painted,  preferably  with  a  damp-proof  paint, 
both  before  and  after  erection. 

Other  systems  of  wiring  have  recently  been  introduced,  where  the  con¬ 
ductors  are  enclosed  in  a  close-fitting  sheathing  of  metal,  and  can  be  used 
satisfactorily  when  run  on  the  surface  and  exposed  to  full  view. 

Open  wiring — that  is,  unenclosed  conductors  supported  on  porcelain 
insulators — should  only  be  used  in  very  damp  situations,  such  as  freezing- 
chambers,  and  only  then  when  not  liable  to  mechanical  injury.  The  main 
causes  of  trouble  arising  out  of  open  wiring  are  mechanical  injury, 
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destruction  of  insulation  by  vermin,  and  the  objectionable  and  dangerous 
use  of  temporary  connections. 

A  badly  made  or  dry  joint  in  any  conductor  constitutes  a  most  serious 
fire  hazard,  because  it  offers  a  resistance  to  the  passage  of  the  current  and 
generates  heat.  The  resistance  may  be  sufficiently  high  to  cause  the  wire 
to  become  red-hot,  and  it  is  then  only  a  question  of  time  till  the  rubber 
insulation  is  set  on  fire  and  a  conflagration  possibly  started.  Such  a  joint 
is  bad  enough  when  enclosed  in  steel  conduit,  but  it  requires  no  effort  of 
imagination  to  figure  out  what  will  happen  if  it  were  enclosed  in  wood 
casing.  In  a  well-designed  installation  there  should  be  no  joints  at  all,  the 
lights  being  “  looped  ”  in  one  from  the  other  ;  but  in  long  runs  there  is 
sometimes  a  temptation  to  make  joints  to  save  a  few  feet  of  wire.  The 
same  principle  which  causes  heat  to  generate  in  a  faulty  joint  applies  to  a. 
wire  that  is  overloaded.  Conductors  of  a  certain  diameter  can  transmit 
only  a  definite  amount  of  current  with  safety,  and  heat  will  be  generated 
according  to  the  amount  of  overloading  put  on  to  the  conductor,  which 
may  be  sufficient  to  burn  the  insulation  and  everything  combustible  in 
contact  with  it.  Where  it  is  necessary  to  make  a  joint  it  should  be  in  a 
metal  box,  the  joint  being  properly  soldered  and  insulated  with  rubber 
and  adhesive  tape.  The  insulation  resistance  round  the  joint  should  be  at 
least  equal  to  the  insulation  on  the  rest  of  the  wire. 

The  generation  of  heat  due  to  resistance  is  not  confined  to  joints,  but 
will  occur  in  switches,  fuses,  ceiling-roses,  lamp-holders,  or  any  other 
electrical  apparatus  where  there-  are  bad  contacts  or  loose  screws  at  the 
terminals. 

Fuses  are  installed  to  protect  the  wiring  and  different  apparatus  con¬ 
nected  to  the  system,  but  under  certain  conditions  they  may  themselves 
become  a  hazard.  They  should  be  designed  so  that  an  increase  of  50  per 
cent,  of  the  normal  current  will  cause  them  to  “  blow,5'  and  so  disconnect 
that  portion  of  the  installation.  They  should  also  be  enclosed,  to  prevent 
the  hot  fused  metal  from  falling  on  any  inflammable  material  and  setting 
light  to  it.  I  have  frequently  found  that  when  fuses  blow,  due  to  a  fault 
developing,  and  not  on  account  of  an  increase  in  the  load,  instead  of  locating 
and  removing  the  fault  the  size  of  the  fuse  has  been  gradually  increased 
until  the  fuse  would  remain  intact.  Such  a  case  happened  in  our  own  city, 
where  a  No.  16  copper  wire  was  used  as  a  fuse  on  a  circuit  wired  with  No.  18 
wire.  An  incipient  fire  broke  out,  and  at  the  investigation  the  man 
responsible  for  putting  in  the  fuse  innocently  stated  that  he  could  not  get  a 
smaller  wire  to  “  stop  in.”  It  never  occurred  to  him  what  the  possible 
result  of  overfusing  might,  be  ;  in  fact,  he  did  not  know  what  the  fuse  was 
for.  He  simply  wanted  his  lights  going,  and  that  was  the  only  thing  that- 
concerned  him. 

Cord  flexibles,  unless  used  with  discretion,  are  always  a  source  of  danger. 
As  drop  pendants  in  dwellings,  offices,  and  certain  classes  of  shops  and 
factories  they  are  quite  safe,  but  in  other  situations  may  be  a  serious  hazard. 
They  should  not  be  used  in  butchers5  or  confectionery  shops,  hotel-kitchens, 
public  dining-rooms,  bakehouses,  stables,  fellmongeries,  or  any  situation 
where  subject  to  the  action  of  flies  and  other  insects.  In  such  places  the 
flexibles  should  be  covered  with  a  tough  rubber  compound,  or,  better  still, 
stiff  metal  pendants  or  batten  holders  should  be  used.  The  use  of  flexibles 
for  extensions,  or  as  we  often  see  them  used  in  shop-windows,  should  be 
prohibited,  because  the  constant  handling  causes  the  insulation  to  become 
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damaged,  and  because  of  the  consequent  hazard  due  to  possible  earthing 
or  short  circuit. 

Passing  now  from  the  ordinary  wiring  of  an  installation,  I  will  take 
some  of  the  apparatus  used  in  a  household.  Easily  the  first  favourite  is 
the  electric  pressing-iron,  of  which  a  fair  estimate  of  the  number  in  use  in 
the  Dominion  at  the  present  time  is  anything  between  twenty-five  and 
thirty  thousand.  Its  convenience  and  simplicity  of  operation  appeal  to 
the  average  housewife,  and  are  also  appreciated  in  many  clothing-factories. 
It  is,  however,  a  most  serious  fire  hazard,  and  until  a  “  fool-proof  "  electric 
iron  is  placed  on  the  market  that  hazard  will  remain.  There  is,  of  course, 
a  fire  hazard  in  the  gas-heated  iron,  or  the  common  sad-iron ;  but  in 
the  latter  case  the  heat  is  gradually  diminishing  once  the  iron  is  removed 
from  the  heating-arrangement,  and  in  the  former  there  is  more  or  less  of 
a  reminder  with  the  gas.  With  the  electric  the  source  of  heat  is  not  visible, 
and  there  is  absolutely  nothing  about  the  iron  which  will  indicate  that  it 
is  being  heated.  If  only  the  person  operating  the  iron  would  remember  to 
open  the  switch  and  thereby  cut  off  the  current  all  would  be  well  ;  but, 
unfortunately,  in  many  instances  this  simple  action  is  neglected,  the  iron 
is  left  standing  on  the  ironing-cloth  or  table,  and  in  due  course  a  fire  is 
started. 

The  temperature  of  an  iron  for  safe  and  satisfactory  use  is  from  400° 
to  600°  F.  This  temperature  is  not  dangerous,  but  when  the  irons  are 
allowed,  after  using,  to  remain  with  the  current  on  continuously  their 
temperature  rapidly  increases  to  1,200°,  1,400°,  or  even  to  1,600°  F.,  and 
the  iron  may  become  red-hot.  Naturally,  under  such  conditions  any 
combustible  material  in  contact  with  it  will  ignite.  I  know  of  many 
instances  where  severe  losses  have  occurred  due  to  the  electric  iron. 

Metal  stands  are  sometimes  supplied  with  the  iron,  but  that  does  not 
eliminate  the  hazard,  although  it  reduces  it.  Another  idea  was  to  put  a 
lamp  in  series  with  the  iron,  so  that  the  lamp  would  always  be  burning 
when  the  current  was  on.  That  was  not  a  success,  because  when  the  lamp 
burnt  out  it  was  often  short-circuited  instead  of  being  replaced  with  a 
new  one.  In  fact,  short-circuiting  was  often  adopted  to  save  the  current 
in  the  lamp. 

The  next  step  was  to  have  a  small  pilot  lamp  wired  in  parallel  with  the 
iron,  and  often  fixed  behind  a  red  bull’s-eye.  The  objection  to  this  is  that 
if  the  lamp  burns  out  it  need  not  be  renewed,  because  it  is  in  parallel  with 
the  iron,  and,  in  spite  of  the  red  light  burning,  people  often  leave  the  ironing- 
table  without  switching  off  the  current. 

One  manufacturing  firm  turned  out  an  automatic  iron  whereby  the  plug 
connection  was  thrown  out  when  the  temperature  reached  a  certain  degree. 
To  replace  the  plug  a  trigger  had  to  be  pushed  down  with  a  screw-driver 
or  similar  instrument ;  but  this  resetting  was  so  often  done  in  such  a  clumsy 
way  that  many  irons  were  ruined,  and  as  that  particular  make  was  getting 
a  bad  name,  and  all  through  sheer  clumsiness,  the  makers  withdrew  them 
from  the  market.  This  was  regrettable,  as  one  of  this  make  has  been  in 
constant  use  for  the  past  eight  years  in  the  writer’s  house  and  has  never 
given  the  slightest  trouble,  and  never  been  out  for  repairs.  It  has  often 
thrown  out  the  plug,  due  to  a  high  temperature,  but  there  has  been  no 
trouble  in  the  resetting  again. 

Another  hazard  of  the  iron — and  this  also  applies  to  radiators,  kettles, 
cookers,  and  similar  devices  consuming  a  heavy  current — is  in  operating 
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them  from  an  ordinary  lamp-holder  attached  to  a  cord  pendant.  They 
should  always  be  connected  to  a  plug  having  sufficient  capacity  to  carry 
the  current,  and  not  from  a  lamp-holder  which,  unless  specially  designed, 
will  not  carry  the  current  without  rapidly  overheating.  It  would  be  better 
if  the  retailer  always  made  a  point  of  advising  his  customer  of  the  hazard 
run  in  operating  off  a  lamp-holder,  but  I  frequently  find  that  he  will  sell 
and  attach  an  adapter  to  the  apparatus  so  that  the  customer  can  use  it 
from  any  lighting-point  in  the  house.  A  retailer  has  no  moral  right  to 
keep  silent  on  this  point  when  he  knows,  or  ought  to  know,  what  the  hazard 
is,  while  in  nine  cases  out  of  ten  his  customer  does  not.  Perhaps  he  will 
not  run  the  risk  of  losing  a  sale  by  advising  that  it  would  be  necessary  to 
install  a  plug  if  there  was  not  one  installed  already. 

Radiators  which  depend  on  resistance  wires  for  giving  heat  are  extremely 
hazardous  unless  the  wires  are  so  protected  that  nothing  inflammable  can 
come  in  contact  with  them.  Radiators  of  this  type  should  always  have 
at  least  one  glow-lamp  in  circuit  to  show  that  the  current  is  on,  which 
should  be  controlled  by  the  switch  controlling  the  radiator,  and  fixed  on 
the  wall. 

Electric  ranges  and  small  cookers,  which  are  rapidly  becoming  more 
popular,  require  special  care  when  being  installed.  All  portable  apparatus 
carries  not  only  a  possible  fire  hazard,  but  the  possibility  of  shock,  and  this 
is  particularly  so  in  the  case  of  the  electric  range.  It  is  subjected  to  great 
heat,  the  liability  of  spilt  grease,  and  the  “  boil-over  ”  of  different  food¬ 
stuffs.  The  range  is  installed  in  the  kitchen,  and  the  wiring  would  probably 
be  subjected  to  more  rough  usage  there  than  anywhere  else,  due  to  the 
constant  cleaning  and  washing  down.  If  the  wiring  cannot  be  brought 
in  conduit  right  up  to  the  range  it  should  be  brought  from  the  plug 
in  flexible  steel  tubing,  and  the  tubing,  range,  and  all  switch-covers 
permanently  earthed.  Efficient  earthing  is  of  the  greatest  importance 
to  prevent  any  danger  of  shock,  which  may  lead  to  serious  results  on  a 
230- volt  supply. 

Electrically  heated  pads,  foot-warmers,  blankets,  and  cloths,  as  they 
have  appeared  on  the  market,  cannot  be  considered  as  satisfactory  when 
put  into  practical  service.  Such  devices  when  tested  in  the  open  and  freely 
exposed  to  the  air  might  operate  in  an  apparently  safe  manner,  but  it  can 
be  readily  understood  that  when  they  are  covered  with  a  mass  of  heat- 
insulating  material  the  temperature  may  rise  sufficiently  to  ignite  the 
inflammable  material  before  the  heat  is  dissipated.  Usually  the  device  is 
provided  with  a  thermostat,  or  automatic  cut-out,  to  operate  at  a  pre¬ 
determined  temperature,  but  they  are  quite  liable  to  sticking  and  arcing 
at  the  contacts,  while  the  adjustment  may  be  changed,  increasing  the 
temperature  at  which  the  circuit  will  open.  In  any  case,  they  will  not 
stand  for  any  length  of  time  the  rough  usage  to  which  they  are  usually 
subjected. 

The  ordinary  cord  flexible  as  generally  used  for  drop  pendants  should 
not  be  used  for  any  portable  device.  Dragging  the  wires  over  the  floor, 
allowing  them  to  kink,  treading  or  placing  heavy  articles  on  them  causes 
the  insulation  to  deteriorate  rapidly,  introducing  the  possible  hazard  due 
to  earthing  or  short  circuit.  The  flexible  should  be  covered  either  with 
an  armouring  of  fine-woven  steel  wires  or  a  sheathing  of  tough  rubber  com¬ 
pound  known  as  “  cab-tire  sheathing.”  The  flexible  should  have  some  sort 
of  grip  at  each  end  to  prevent  the  wires  being  dragged  out  of  the  terminals, 
which  is  another  possible  hazard. 
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In  motor  installations  a  hazard  is  often  found  due  to  more  machinery 
being  added  than  was  originally  contemplated,  thus  overloading  motors  and 
feeders.  Dirty  and  dusty  motors  are  liable  to  a  burn-out,  with  the  chance 
of  starting  a  fire  in  its  immediate  surroundings.  The  obvious  prevention 
here  is  to  keep  the  motors  clean.  Conduit  enclosing  wires  to  the  motor 
should  be  carried  as  close  as  practicable  to  the  terminals,  and  the  slack 
wire  left  covered  with  a  terminal  box. 

Starters,  when  not  dust-proof,  should  be  enclosed  in  a  cabinet,  and 
the  cabinet  should  not  be  used  as  a  receptacle  for  the  storage  of  spanners, 
oil-can,  and  waste,  an  objectionable  habit  often  indulged  in. 

The  switch  controlling  the  motor  must  be  iron-clad,  and  the  fuses,  unless 
a  special  cabinet  is  provided,  should  also  be  placed  in  an  iron  box. 

Temporary  work,  whether  it  be  in  connection  with  lighting,  heating,  or 
power,  is  often  the  cause  of  trouble,  especially  when  it  is  allowed  to  become 
permanent.  The  original  intention  may  be  to  use  the  temporary  work  for 
only  a  short  period,  and  it  is  carried  out  with  more  or  less  of  an  idea  that 
anything  will  do.  Wires  are  tied  up  with  pieces  of  string  to  iron  tie-rods, 
or  jammed  over  doors,  and  the  joints  are  “  dry,”  with  only  a  mere  covering 
for  insulation.  Time  goes  on  with  the  temporary  work  still  in  use,  until 
a  breakdown  of  the  wiring  or  an  electrical  outbreak  acts  as  a  reminder,  if 
nothing  worse. 

The  incompetent,  careless,  or  wilfully  negligent  worker  is  a  big  con¬ 
tributing  factor  to  the  electrical  fire  hazard.  He  is  slovenly  and  dirty  in 
his  work,  attempts  to  solder  a  joint  with  a  half-cold  iron,  or  forgets  to  use 
rubber  tape  when  insulating  a  joint.  He  is  not  particular  about  driving 
nails  or  screws  through  wires,  and  finds  it  easier  to  run  the  conductors 
without  conduit  or  casing  behind  linings  or  under  floors.  Above  all,  electric 
wiring  demands  clean  and  careful  work,  otherwise  we  are  simply  courting 
trouble. 

A  very  interesting  case  appeared  not  long  ago  in  the  Australian  Banking  and, 
Insurance,  Record,  in  which  a  contractor  with  a  very  elastic  conscience,  who  evidently 
thought  that  payment  of  his  account  discharged  him  from  liability,  was  called  to 
account  for  particularly  shoddy  work. 

The  action  was  brought  before  the  King’s  Bench  Division  during  1914  by  a  lady 
against  an  electrical  contractor  for  alleged  breach  of  contract  and  fraudulent  con¬ 
cealment  in  respect  of  an  electric -lighting  installation  erected  by  the  latter  at  the 
plaintiff’s  house  in  1904. 

It  was  specified  in  the  contract  that  the  wiring  should  be  enclosed  in  wood  casing, 
and  the  breach  alleged  was  the  failure  to  so  enclose  the  conductors.  In  April,  1912, 
whilst  some  alterations  were  being  made  to  a  staircase  in  the  house,  it  was  discovered 
that  some  of  the  wiring  was  not  enclosed  at  all.  The  insuring  office  was  then  com¬ 
municated  with,  and  they  employed  an  expert,  who  found,  on  taking  up  floors,  boards, 
and  the  like,  that  in  many  of  the  rooms  the  wiring  under  floors  was  quite  devoid  of 
enclosure  ;  that  in  some  cases,  where  carried  behind  skirtings,  it  was  only  partially 
enclosed,  and  then  merely  by  pieces  of  rubber  tubing ;  that  slip- joint  steel  tubing  had 
in  some  instances  been  used  instead  of  wood  casing ;  and,  furthermore,  that  lengths 
of  such  conduit  had,  instead  of  being  jointed  with  a  proper  fitting,  been  connected 
together  by  pieces  of  rubber  tubing. 

The  defendant  contended  that  there  was  no  breach  of  contract  and  no  fraudulent 
concealment,  and  further  pleaded  that  the  Statute  of  Limitations  was  an  answer  to 
the  claim.  He  said  that  the  wiring  was  according  to  specifications  when  first  installed, 
but  it  must  have  been  tampered  with  by  heating-apparatus  engineers  who  had  after¬ 
wards  been  at  work  on  the  premises.  Evidence  was,  however,  given  by  one  of  the 
wiremen  employed  by  the  defendant  in  1904  that  he  had  actually  seen  the  unenclosed 
wiring  placed  in  position  under  the  floors ;  other  evidence  was  to  the  effect  that  in 
places  where  the  wiring  was  easily  accessible  the  wiremen  were  careful  to  enclose  it, 
but  in  other  situations,  where  it  was  quite  hidden,  they  left  it  bare. 
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In  giving  his  decision  the  Judge  came  to  the  conclusion  that  the  work  had  not 
been  properly  done,  and  that  steps  had  been  taken  to  conceal  that  fact,  and  he  assessed 
the  damages  at  £170.  He  stated,  however,  that  he  must  give  judgment  for  the 
defendant  because  of  his  plea  of  the  Statute  of  Limitations. 

In  commenting  on  this  case  the  article  says,  “  Here  we  have  a  condition  of  things 
which  cannot  but  be  regarded  as  serious.  The  plaintiff  has  let  a  contract  for  Avork, 
defects  in  which,  by  concealment  on  the  part  of  the  contractor,  have  not  been  disccwerecl 
by  her  until  eight  years  after  completion — each  year,  be  it  remembered,  adding  to  the 
deterioration  of  the  insulation  of  the  Avire,  and,  consequently,  to  the  fire  risk — and  is 
debarred  by  the  lapse  of  time  from  recovering  damages.  The  case  clearly  shows  the 
importance,  both  to  the  public  and  fire  offices,  of  skilled  and  careful  supervision  of 
wiring  during  its  erection.  To  discover  grave  faults  such  as  these  existing  in  this 
particular  installation  after  the  work  is  completed  will  baffle  the  most  experienced  of 
fire  surveyors.  Tests  for  insulation  resistance  will  not  reveal  them  until  a  leak  has 
been  set  up,  and  a  visual  examination  will  necessitate  the  taking-up  of  carpets  and 
floor-boards  and  the  removal  of  skirtings.  The  writer  has  often,  after  inspecting 
accessible  portions  of  installations  neatly  arranged,  gone  away  wondering  how  many 
buried  iniquities  there  are  somewhere  Avhich  only  a  leakage  of  current,  possibly 
leading  to  a  fire,  Avill  disclose.” 

I  have  already  referred  to  the  necessity  of  making  inspections  on 
installations,  and  think  I  have  made  out  a  good  case,  but  I  desire  to  add 
that  not  all  the  faults  found  are  deliberate.  Some  are  made  in  ignorance, 
while  others  are  purely  accidental  or  through  the  want  of  a  little  forethought 
on  the  part  of  the  Avorker.  And  in  regard  to  the  electrical  contractors 
generally,  I  am  pleased  to  acknowledge  that  they  can  be  relied  on  for 
good  honest  service,  and  welcome  inspections  as  a  protection  against 
the  less  scrupulous,  for,  like  every  other  trade,  there  are  always  “  some 
others.” 

The  fire  underwriters  were  not  long  in  discovering  the  necessity  of 
framing  regulations  for  guidance  in  electrical  work,  for  there  is  no  doubt 
that  in  the  early  days  huge  sums  must  have  gone  up  in  smoke,  due  to  the 
electrical  hazard.  This  action  by  the  underwriters  was  probably  a  blessing 
in  disguise,  as  the  manufacturer  was  compelled  to  take  the  fire  hazard  into 
consideration  in  designing  apparatus  in  order  to  meet  the  restrictions 
imposed  by  the  fire  offices. 

What  is  claimed  to  be  the  first  set  of  rules  issued  was  published  by 
the  New  York  Board  of  Fire  Underwriters,  dated  the  19th  October,  1881, 
and  consisted  of  five  clauses.  So  much  has  been  learned  since  then  that 
to-day  we  in  the  Dominion  have  a  set  of  rules  containing  121  clauses  and, 
in  addition,  an  addendum  giving  an  extract  from  the  Home  Board  of  Trade 
Regulations.  The  rules  are  based  on  those  drawn  up  by  the  Institute  of 
Electrical  Engineers  (London),  and  with  such  modifications  as  may  be 
necessary  to  suit  our  own  local  conditions.  They  are  intended  to  include 
only  such  requirements  and  precautions  as  are  generally  necessary,  but 
they  are  intended  neither  to  take  the  place  of  a  detailed  specification  nor 
to  instruct  untrained  persons. 

It  is  popularly  supposed  that  if  an  installation  will  pass  the  Sk  megger  ” 
test  there  is  no  risk  from  fire,  and  a  casual  glance  at  the  installation  is 
quite  sufficient  if  the  test  is  good.  This  idea  is  altogether  erroneous,  for  the 
only  thing  we  learn  from  a  megger  test  is  whether  or  not  there  is  a  leakage 
to  earth  or  between  conductors,  and  to  what  extent.  Certainly  it  is  a 
point  that  is  required  to  be  known,  but  it  does  not  indicate  if  there  be  any 
“  dry  ”  joints,  overloaded  wires,  wires  without  protective  covering  under 
floors  or  behind  walls,  and,  shortly,  whether  the  work  has  been  carried 
out  faithfully  or  not  and  with  good  materials.  Tests  vary  considerably 
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according  to  the  nature  of  the  building,  and  are  affected  to  a  great  extent 
by  climatic  conditions.  For  instance,  after  a  spell  of  wet  weather  tests  are 
frequently  low,  while  the  same  installations  would  show  a  higher  test  when 
the  dry  weather  sets  in.  Again,  a  higher  test  would  be  expected  in  an  old 
wooden  building  than  in  a  recently  built  structure  of  brick  or  concrete, 
though  the  workmanship  and  material  in  the  latter  case  are  of  the  very 
best.  Motors  when  first  tested  are  invariably  low  ;  that  is  on  account  of 
the  dampness  held  in  the  windings.  It  is  usual  in  such  cases  for  the  inspector 
to  retest  within  a  certain  period ;  and  unless  there  is  an  actual  fault  in  the 
motor  the  second  test  is  invariably  higher,  and  that  is  due  to  the  action  of 
the  current,  in  passing  through  the  windings,  generating  sufficient  heat  to 
dry  out  the  moisture. 

The  value  of  periodical  inspection  and  testing  should  not  be  overlooked 
by  owners  of  large  installations,  especially  in  the  case  of  factories  where 
a  number  of  motors  are  in  operation.  It  is  not  often  that  an  electrician 
is  to  be  found  on  the  engineering  staff  of  these  establishments,  and  the 
engineer  in  charge  does  not,  as  a  rule,  possess  the  technical  knowledge 
which  would  enable  him  to  anticipate  trouble  on  the  electrical  side  before 
it  actually  occurs.  Under  these  conditions  I  think  it  would  be  of  great 
assistance,  both  to  the  firms  and  its  engineer,  if  a  periodical  inspection  of 
all  the  electrical  equipment  were  made  by  an  electrical  engineer. 

The  fires  attributed  to  electrical  causes  in  the  Dominion  are  remarkably 
few  when  it  is  considered  that  at  the  end  of  1916  there  were  fifty-eight 
supply-stations  in  operation  or  under  construction,  with  a  total  of  45,000 
connections  (approximately),  showing  a  rapid  increase  during  the  past 
four  years,  considering  that  in  December,  1912,  the  total  was  only  17,095 
connections.  I  attribute  the  small  number  of  fires  to  the  good  standard 
of  work  maintained  by  contractors,  and  the  system  of  rigid  inspections 
carried  out  by  the  authorities.  No  matter  how  good  the  standard  may  be, 
once  inspections  are  dropped  laxity  is  bound  to  creep  in,  and  there  can 
only  be  one  result — a  big  waste  by  fire. 

The  following  records  of  electrical  fires  are  taken  from  the  Quarterly, 
a  paper  published  by  the  National  Fire  Protection  Association,  each  one 
of  which  might  have  been  avoided : — 

No.  1  :  Finished  clothing  had  been  packed  tightly  around  an  unprotected  electric  - 
light  bulb  on  a  shelf,  but  current  was  off  at  the  switch.  On  the  morning  of  the  fire  a 
visiting  electrician  tested  out  the  circuits,  turned  current  into  this  line,  and  left  the 
light  burning.  Cloth  began  to  smoulder,  but  the  fire  was  promptly  discovered  and 
extinguished. 

No.  2  :  This  fire  was  caused  by  a  short  circuit  where  an  electric-light  cord  was  in 
touch  with  a  metal  clothes-rack.  Current  was  not  turned  off,  a  short  circuit  ensued, 
and  practically  all  garments  on  the  rack  were  damaged.  A  table  near  by  was  also 
slightly  charred. 

No.  3  :  Mismanagement  by  an  employee  caused  a  short  circuit  on  the  wires  of 
an  electric  motor  located  on  the  third  floor,  resulting  in  a  firing  of  the  insulation  and 
throwing  of  sparks  among  surrounding  inflammable  material.  The  fire  spread  rapidly 
and  extended  to  the  floor  above.  A  panic  occurred,  and  several  lives  were  lost  by 
leaping  from  windows  and  suffocation.  The  employees  were  mostly  women. 

No.  4  :  An  electric  iron,  with  current  turned  on,  was  left  standing  on  a  wooden 
table  covered  with  tin,  the  tin  being  covered  in  its  turn  with  cloth.  The  iron  ignited 
the  cloth  covering  ;  this  burned  around  the  edge  of  the  table,  fell  to  the  floor,  and  set 
fire  to  some  clippings. 

No.  5  :  This  fire  was  caused  by  the  sparking  of  the  rotary  starter  of  the  elevator- 
motor.  The  starter  had  two  sets  of  points — one  for  forward  or  up,  the  other  for  reverse 
speed.  One  of  the  points  was  slightly  bent,  making  a  poor  contact.  The  starter  was 
located  oil  the  second  floor,  and  was  provided  with  a  sheet-iron  hood,  but  this  was  not 
vapour-proof.  On  the  third  floor,  alongside  the  open  elevator- shaft,  a  galvanized -steel 
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tank  of  1,059  gallons  capacity  had  been  filled  with  alcohol  from  the  cistern-room  in 
an  adjoining  building.  A  down-draught  had  carried  fumes  to  the  second  floor,  and 
when  sparking  occurred  in  the  starter  these  fumes  ignited. 

No.  6  :  The  blower  in  a  foundry  was  located  on  a  platform  near  the  roof,  and  was 
being  repaired  at  the  time  of  the  fire.  An  electrician’s  helper  was  holding  an  electric 
light  on  an  extension  cord  to  furnish  light  for  the  repair  operations.  He  accidentally 
dropped  the  light,  the  bulb  was  shattered,  and  the  holder  struck  an  iron  plate  in  such 
a  way  that  sparks  were  produced  and  some  oily  waste  thereby  ignited.  The  fire 
quickly  reached  the  roof,  and  did  damage  to  the  extent  of  $7,500  before  it  was 
extinguished. 

No.  7  :  In  this  case  a  loss  of  more  than  $12,000  resulted  from  an  exposed  electric- 
light  wire  on  a  wooden  ceiling.  The  spread  of  the  fire  was  facilitated  by  an  open 
elevator  in  the  centre  of  the  room. 

No.  8  :  The  management  of  a  storage  warehouse  had  been  informed  that  their 
electric  wiring  was  unsafe.  They  took  no  action,  and  a  fire  involving  a  loss  of  $170,000 
resulted. 

No.  9  :  Defective  electric  wiring,  to  which  the  attention  of  the  management  had 
vainly  been  drawn,  caused  a  loss  of  more  than  $30,000. 

No.  10:  A  brief  quotation  from  a  letter  from  an  inspection  department — “We 
had  a  fire  with  an  electric  heating-pad  in  a  private  sanatorium  and  pretty  nearly 
burned  up  the  patient.” 

It  will  be  seen  from  the  foregoing  remarks  that  the  principal  hazard 
arises  from  faulty  materials  and  incompetent  and  careless  workers.  The 
question  which  naturally  follows  is,  What  are  we  doing  in  the  matter  of 
technical  education  for  our  youths  in  order  that  the  evils  of  incompetence 
may  be  overcome  ?  The  answer  given  would  probably  be  that  technical 
schools  and  night  classes  are  provided  at  which  the  boys  can  receive  a 
technical  training.  That  is  admitted,  and  I  acknowledge  the  good  work 
done  in  the  schools ;  but  I  hold  that  there  are  serious  defects  in  the  present 
system  of  technical  training— first,  because  they  are  night  classes,  and, 
secondly,  attendance  is  not  compulsory  for  the  apprentice.  The  average 
boy  who  enters  the  works  of  an  engineering  firm  does  so  usually  at  an  age 
between  fourteen  and  seventeen,  and  he  is  generally  too  tired  to  attend  a 
night  class  and  carry  through  a  course  of  studies  after  labouring  for  eight 
hours  during  the  day. 

I  am  of  the  opinion  that  attendance  at  technical  classes  should  be  made 
compulsory,  and  form  part  of  the  regular  routine  of  the  day’s  work,  or, 
say,  three  afternoons  each  week.  Instruction  should  be  given  not  only 
in  engineering  and  allied  subjects,  but  also  in  subjects  which  will  give  the 
boys  a  knowledge  of  human  nature  and  enable  them  to  understand  their 
neighbours.  I  do  not  claim  that  every  boy  should  receive  a  full  course  of 
technical  training,  because  there  will  always  be  a  certain  percentage  to  whom 
it  would  be  just  waste  of  time,  but  this  would  show  itself  at  the  end  of  the 
first  or  second  year,  when  the  boys  could  be  returned  to  the  works  for  their 
full  time. 

We  must  devise  some  system  that  will  give  to  the  apprentice,  along  with 
his  practical  training  in  the  workshop,  an  insight  into  the  principles  that 
govern  his  work,  so  that  he  will  be  able  to  take  an  intelligent  interest  in  it. 
In  arranging  this  system  of  technical  education  care  must  be  taken  that 
no  undue  strain  is  imposed  on  the  student,  because  if  we  allow  his  studies 
to  become  a  burden  we  will  defeat  the  object  we  have  in  view,  and  may 
permanently  weaken  his  powers  as  a  worker.  In  other  words,  whatever 
system  we  adopt,  our  ultimate  object  must  be  to  produce  men  who  will 
find  a  pleasure  and  pride  in  their  work.  The  work  of  men  of  this  class  can 
always  be  depended  on,  and  workmen  who  work  in  this  spirit  form  the  most 
valuable  asset  that  any  country  can  possess. 
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ASTRONOMICAL  NOTES. 

9 

It  is  intended  to  publish  in  this  column  notes  from  the  astronomical 
observatories  and  societies,  and  from  amateur  astronomers  of  New  Zea¬ 
land.  Contributions  to  this  column  are  therefore  invited,  and  should  be 
forwarded  to  the  Government  Astronomer,  Wellington. 

The  mean  time  used  in  these  notes  (unless  otherwise  stated)  is  civil 
mean  time  for  the  meridian  12  h.  east  of  Greenwich,  and  the  hours  are 
counted  from  0  to  24.  0  h.,  or  24  h.  =  midnight.  To  find  the  corresponding 

New  Zealand  civil  mean  time  subtract  30  minutes  ;  to  find  the  corre¬ 
sponding  Greenwich  mean  time  subtract  1  day. 


Phenomena,  1918. 


d. 

h. 

m. 

/ocjyue'muvi . 

2 

13 

Mercury  in  inferior  conjunction  with  the  Sun. 

3 

6 

12 

Neptune  in  conjunction  with  the  Moon 

Neptune 

3° 

52'  N. 

4 

6 

0 

Venus  in  conjunction  with  the  Moon 

Venus 

5° 

36'  N. 

4 

9 

1 

Saturn  in  conjunction  with  the  Moon 

Saturn 

5° 

48'  N. 

5 

12 

22 

Mercury  in  conjunction  with  the  Moon 

Mercury 

1° 

48'  N. 

0 

13 

41 

Venus  in  conjunction  with  Saturn 

Venus 

0° 

5'  S. 

5 

22 

44 

New  Moon. 

8 

24 

Moon  in  apogee. 

11 

5 

Mercury  stationary. 

11 

8 

45 

Mars  in  conjunction  with  the  Moon 

Mars 

1° 

48'  N. 

14 

3 

2 

Moon,  first  quarter. 

15 

21 

35 

Mercury  in  conjunction  with  Venus 

Mercury 

1° 

20'  S. 

16 

0 

Mercury  in  ascending  node. 

16 

19 

Venus  in  perihelion. 

18 

19 

Mercury  at  greatest  elongation 

•  . 

17° 

52' W. 

19 

0 

52 

Uranus  in  conjunction  with  the  Moon 

Uranus 

5° 

48'  S. 

20 

15 

Mercury  in  perihelion. 

21 

1 

1 

Full  Moon. 

21 

17 

Moon  in  perigee. 

23 

13 

Venus  in  conjunction  with  y  Leonis  (mag.  =  4*7)  . . 

Venus 

0° 

1'  N. 

24 

1 

Mercury  in  conjunction  with  y  Leonis  (mag.  =  4*7 ) 

Mercury 

0° 

12'  N. 

24 

9 

Sun  enters  sign  ^  (Libra).  Equinox. 

25 

18 

48 

Mercury  in  conjunction  with  Venus 

Mercury 

0° 

20'  N. 

26 

17 

Mercury  in  conjunction  with  <r  Leonis  (mag.  =  4*1 ) 

Mercury 

0° 

4'  N. 

27 

16 

39 

Moon,  last  quarter. 

28 

12 

14 

Jupiter  in  conjunction  with  the  Moon 

Jupiter 

2° 

13'  N. 

30 

13 

25 

Neptune  in  conjunction  with  the  Moon 

Neptune 

4° 

7'  N. 

30 

21 

Mercury  at  greatest  heliocentric  latitude  north. 

October. 

1 

21 

22 

Saturn  in  conjunction  with  the  Moon 

Saturn 

6° 

9'  N. 

4 

16 

42 

Venus  in  conjunction  with  the  Moon 

Venus 

6° 

54'  N. 

5 

2 

57 

Mercury  in  conjunction  with  the  Moon 

Mercury 

7° 

7'  N. 

5 

15 

5 

New  Moon. 

6 

6 

Moon  in  apogee. 

8 

22 

Venus  at  greatest  heliocentric  latitude  north. 

9 

9 

Jupiter  in  quadrature  with  the  Sun. 

9 

20 

Venus  in  conjunction  with  rj  Virginis 

Venus 

0° 

6'  N. 

10 

5 

54 

Mars  in  conjunction  with  the  Moon 

Mars 

0° 

19'  S. 

13 

17 

0 

Moon,  first  quarter. 

16 

0 

Mercury  in  superior  conjunction  with  the  Sun. 

16 

9 

52 

Uranus  in  conjunction  with  the  Moon 

Uranus 

5C 

57'  S. 

20 

4 

Moon  in  perigee. 

20 

9 

35 

Full  Moon. 

23 

2 

Mercury  in  apogee. 

24 

9 

Mercury  in  descending  node. 

24 

18 

Sun  enters  sign  irp  (Scorpio). 

25 

23 

7 

Jupiter  in  conjunction  with  the  Moon 

J  upiter 

2° 

40'  N. 

27 

5 

35 

Moon,  last  quarter. 

27 

20 

37 

Neptune  in  conjunction  with  the  Moon 

Neptune 

4° 

22'  N. 

29 

8 

32 

Saturn  in  conjunction  with  the  Moon 

Saturn 

6° 

31'  N. 
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The  Magnitudes  of  Stars. 

The  British  Nautical  Almanac  for  1918,  on  page  575,  contains  the  follow¬ 
ing  statement  as  to  the  magnitudes  of  the  stars  :  44  The  magnitudes  have 
been  determined  on  the  assumption  that  the  magnitude  of  a  Ursae  Minoris, 


Magnitudes 

if  observed  in  the  zenith,  would  be  245,  and  that  the  light  given  by  a  star 
of  magnitude  m  is  r  times  that  given  by  one  of  magnitude  m-fl,  where 
log.  r  =  04.” 

If  the  brightness  of  a  star  of  magnitude  1  is  called  1,  then  the  bright¬ 
ness  of  a  star  of  magnitude  6  is  and  a  similar  relation  holds  for 
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magnitudes  2  and  7,  3  and  8,  &c.  The  diagram  shows  the  relation  between 
magnitudes  and  brightness.  The  magnitudes  are  shown  along  the  lower 
edge  of  the  diagram,  from  1  to  6,  &c.,  to  the  right,  and  from  1  to  0,  and 
to  —1  and  —2,  to  the  left.  The  scale  of  brightness  is  shown  on  the  left- 
hand  side,  from  0  at  the  base,  and  increasing  upwards. 

From  the  definition  it  follows  that  the  light  of  a  first-magnitude  star 
is  approximately  2*512  times  the  light  of  a  second-magnitude  star,  and 
a  similar  relation  holds  between  any  two  consecutive  magnitudes.  Hence, 
if  the  magnitude  scale  is  continued  to  the  left,  a  star  of  0  magnitude  will 
be  2*512  times  as  bright  as  a  star  of  the  first .  magnitude,  a  star  of  — 1 
magnitude  will  be  2*512  times  as  bright  as  a  star  of  0  magnitude,  &c.  The 
star  Canopus  is  of  —0*9  magnitude,  and  it  will  be  seen  from  the  diagram 
that  Canopus  is  5*6  times  as  bright  as  a  first-magnitude  star,  while  Sirius, 
of  magnitude  — 1*6,  is  11*0  times  as  bright  as  a  first-magnitude  star.  On 
the  same  scale  the  magnitude  of  the  full  Moon  is  about  — 12,  and  of  the 
Sun  —  26*7. 

The  list  of  the  twenty  brightest  stars,  in  order  of  the  magnitudes  as 
given  in  the  British  Nautical  Almanac,  contains  the  names  of  the  stars,  the 
magnitudes,  the  spectra,  and  the  positions  for  1920*0.  The  brightness  of 
any  star  may  be  obtained  from  the  diagram  by  reading  the  height  corre¬ 
sponding  to  the  magnitude. 


The  Bright  Stars. 


Name  of 

Star. 

Magnitude. 

i 

;  Spectrum. 

| 

R.A. 

1920  0. 

Dec. 

1920*0. 

h. 

m. 

s. 

O 

/ 

a  Canis  Majoris, 

Sirius 

-1*6 

Ao 

6 

41 

37 

-16 

36 

a  Argils, 

Canopus 

-0*9 

Fo 

6 

22 

10 

-52 

39 

a  Lyrae, 
a  Aurigae, 

Vega 

0*1 

Ao 

18 

34 

14 

+38 

43 

Capella 

0*2 

Go 

5 

10 

47 

+45 

55 

a  Bootis, 

Arcturus 

0*2 

Ko 

14 

12 

1 

+19 

36 

a  Centauri 

•  o  •  • 

0*3 

Go 

14 

34 

10 

-60 

30 

13  Orionis, 

Rigel 

0*3 

B8 

5 

10 

42 

-  8 

18 

a  Canis  Minoris, 

Procyon 

0*5 

F5 

7 

35 

7  - 

+  5 

26 

a  Eridani, 

Achernar 

0*6 

Bo 

1 

34 

44 

-57 

39 

d  Centauri 

0*9 

B1 

13 

58 

10 

-59 

59 

a  Aquilae, 

Altair 

0*9 

A5 

19 

46 

53 

+  8 

39 

a  Orionis 

Betelgeuse  .  . 

1*0  to  1*4 

Ma 

5 

50 

50 

+  7 

24 

a  Crucis 

1*1 

B1 

12 

22 

9 

-62 

39 

a  Tauri, 

Aldebaran 

M 

K5 

4 

31 

20 

+  16 

21 

d  Geminorum, 

Pollux 

1*2 

Ko 

7 

40 

25 

+28 

13 

a  Virginis, 

Spica 

1*2 

B2 

13 

20 

59 

-10 

45 

a  Scorpii, 

Antares 

1*2 

Ma 

16 

24 

30 

-26 

15 

a  Piscis  Australis, 

Fomalhaut  . . 

1*3 

A3 

22 

53 

14 

-30 

3 

a  Cygni, 

Deneb 

1*3 

A2 

20 

38 

42 

+45 

0 

a  Leonis, 

Regulus 

1*3 

B8 

10 

4 

7 

+  12 

21 

Nova  Aquilae. 

The  discovery  of  the  new  star  in  the  constellation  Aquila  was  reported  to 
the  Government  Astronomer  (1)  by  Mr.  G.  V.  Hudson,  of  Karori,  Welling¬ 
ton  ;  (2)  by  Mr.  Alex.  G.  Crust,  of  Dunedin  ;  (3)  by  Sergeant-major  L.  J. 
Comrie,  on  active  service. 
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1.  Mr.  Hudson  reported  the  discovery  by  telephone  on  the  evening  of 
Sunday,  June  9,  N.Z.T. 

2.  Mr.  Crust  reported  by  letter  dated  June  10,  received  June  13. 

3.  Sergeant-major  Comrie  reported  by  cable,  received  June  14. 

Mr.  Hudson’s  time  of  discovery  was  10  h.  45  m.  p.m.  on  Sunday,  June  9 
=  June  8  d.  23  h.  15  m.,  G.M.T.  Mr.  Crust’s  time  of  discovery  was  9  h.  10  m. 
p.m.  on  Sunday,  June  9  =  June  8  d.  21  h.  40  m.,  G.M.T.  Information 
has  not  yet  been  received  from  Mr.  Comrie  as  to  the  time  of  discovery 
by  him. 

An  extract  from  Mr.  Hudson’s  letter,  published  in  the  Evening  Post , 
Wellington,  Monday,  June  10,  1918,  is  as  follows : — 

“  At  10.45  p.m.  on  the  9th  I  was  astonished  to  observe  a  new  star  of  the  first 
magnitude  situated  between  the  constellations  Aquila  and  Serpens,  in  a  north  -  east 
direction,  and  considerably  above  the  bright  star  Altair.  Right  ascension  18h.  44  m. 
declination  0°  30'tnorth.” 

Mr.  Crust’s  letter  is  as  follows  : — 

93  Maitland  Street,  Dunedin,  10th  June,  1918. 

To  the  Government  Astronomer. 

Dear  Sir, — ■ 

Noticing  in  the  Evening  Star  of  June  10th  your  telegrams  in  regard  to  the  nova 
in  Aquila,  I  thought  it  might  be  of  interest  to  you  to  know  that  I  saw  the  star  on  the 
evening  of  the  9th  inst.,  at  9.10  p.m. 

It  was  then  of  1st  mag.  and  of  about  the  7th  or  8th  brightest  order.  It  shone 
with  a  somewhat  purer  white  light  than  at  present  time  of  writing  (9.15  p.m.  on  10th 
inst.). 

Although  I  have  little  time  (being  in  Upper  V  in  Otago  Boys’  High  School)  to 
devote  to  the  subject,  since  a  small  boy  I  have  been  keenly  interested  in  astronomy, 
and  in  having  a  lookout  on  Sunday  night  at  9.10  p.m.  discovered  this  star,  which  I 
knew  had  never  appeared  in  that  position  before,  and  I  am  sorry  that  I  did  not  write 
at  once  to  you.  lam,  yours  faithfully, 

Alex.  G.  Crust, 

Mr.  Comrie’s  cable  is  as  follows  — - 

Discovered  star  in  Aquila. — Comrie. 


New  Zealand  Standard  Time. 

The  following  is  the  report  of  the  Wellington  Philosophical  Society 
on  New  Zealand  standard  time  : — 

The  present  agreement  as  to  civil  time  in  New  Zealand  dates  back  to  1868  (see  Trans¬ 
actions  of  the  New  Zealand  Institute,  vol.  1,  page  48).  In  the  early  days  of  the  colony  each 
district  kept  approximately  the  local  mean  solar  time  of  its  chief  town,  but  as  coastal 
communication  developed  and  distant  places  began  to  be  linked  together  by  railway 
and  telegraph  it  became  necessary  to  adopt  a  uniform  system.  In  1868,  on  the  recom¬ 
mendation  of  Dr.  (afterwards  Sir  James)  Hector,  the  Government  resolved  to  adopt 
a  standard  time  1 1  h.  30  m.  in  advance  of  Greenwich  mean  time.  The  following  extract 
from  the  New  Zealand  Gazette  of  the  31st  October,  1868,  contains  the  Government 
announcement  regarding  the  standardizing  of  mean  time  for  the  colony  : — - 

“  Colonial  Secretary’s  Office, 

Wellington,'  30th  October,  1868. 

“  In  accordance  with  a  resolution  of  the  House  of  Representatives  to  the  effect 
that  New  Zealand  mean  time  be  adopted  throughout  the  colony,  it  is  hereby  notified 
for  public  information  that  the  time  corresponding  to  the  longitude  172°  30'  east  from 
Greenwich — which  is  exactly  114  hours  in  advance  of  Greenwich  time — has  been 
adopted  as  the  mean  time  for  the  colony ;  and  that  from  and  after  the  2nd  day  of 
November  the  public  offices  of  the  General  Government  will  be  opened  and  closed  in 
accordance  therewith.  “  E.  W.  Stafford.  ' 
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The  choice  of  11  h.  30  m.  was  determined  in  the  first  place  because  it  is  a  good 
mean  for  the  whole  country,*  and  secondly  because  of  the  simplicity  of  this  number  ; 
for  it  must  be  remembered  that  it  was  not  until  about  fifteen  years  later  that  the  idea 
of  standard  times  in  other  parts  of  the  world,  based  on  exact  hourly  differences  from 
Greenwich,  began  to  be  adopted.  Against  the  adoption  of  a  difference  of  either  11  or 
12  hours  for  New  Zealand  it  was  argued  that  either  of  these  would  involve  considerable 
departure  from  the  mean  solar  time.  Recent  considerations,  however,  have  strengthened 
the  opinion  that  the  adoption  of  a  standard  time  in  advance  of  the  solar  time  is  a  real 
advantage  to  the  community,  especially  in  countries  in  which  there  is  not  an  extreme 
variation  in  the  lengths  of  the  day  in  summer  and  winter.  This  is  illustrated  by  the  fact 
that  South  Africa  and  South  Australia  have  each  adopted  a  standard  time  in  advance 
of  the  solar  time  for  by  far  the  greater  part  of  the  country.  New  Zealand  is  so  happily 
situated  that  it  is  possible,  by  adopting  a  standard  time  12  hours  in  advance  of  Green¬ 
wich,  to  secure  the  advantages  of  an  advanced  time  and  also  the  greatest  possible 
degree  of  simplicity  in  relation  to  Greenwich. 

The  subject  was  discussed  in  a  paper  on  “  Day  light  -saving  ”  read  before  the  Wel¬ 
lington  Philosophical  Society  by  Mr.  C.  W.  Adams  on  the  27th  September,  191(1,  and  at 
the  Council  meeting  held  on  the  30th  November,  1916,  the  following  resolution  was 
carried  unanimously  :  “  The  Council  of  the  Wellington  Philosophical  Society  resolved  to 
urge  upon  the  Government  the  desirability  of  making  New  Zealand  mean  time  exactly 
12  hours  in  advance  of  Greenwich  mean  time.” 

The  mean  time  in  use  in  New  Zealand  is  exactly  11  h.  30  m.  in  advance  of  Greenwich 
mean  time,  and  corresponds  to  the  meridian  172°  30'  east  of  Greenwich.  The  change 
to  12  h.  in  advance  of  Greenwich  mean  time  would  be  made  by  putting  the  clock  forward 
one  half-hour,  once  for  all. 

The  following  are  some  of  the  grounds  of  the  Council’s  support  of  the  proposal, 
and  they  show  the  advantages  and  benefits  to  be  gained  by  giving  effect  to  the 
resolution  : — 

1.  An  immediate  consequence  of  the  proposal  would  be  a  saving  in  all  lighting  of 
half  an  hour  daily.  This  would  materially  reduce  the  maximum  power  demand  on 
electric  and  gas  lighting  and  power  plants  in  the  winter-time.  Prom  a  power-supply 
point  of  view  the  alteration  is  highly  desirable,  as  the  overlapping  power  and  lighting 
load  from  4.30  to  5  p.m.  in  winter  makes  a  great  and  sudden  demand  on  the  power 
plant ;  and  ultimately  the  alteration  would  lead  to  a  reduction  of  capital  expenditure, 
for  it  would  not  then  be  necessary  to  provide  for  the  overlapping  load  at  the  power-  • 
station. 

2.  Conformity  with  the  International  Time  Agreement  that  mean  time  should  be 
an  exact  number  of  hours  different  from  Greenwich  mean  time — viz.,  12  h.,  instead  of 

11  h.  30  m.  as  at  present. 

3.  The  conversion  of  time  between  the  United  Kingdom  and  New  Zealand  would 
be  made  in  the  simplest  possible  manner.  For  example,  in  all  commercial  uses  it  would 
only  be  necessary  to  exchange  “  a.m.”  for  “  p.m.,”  and  vice  versa  :  thus  if  a  cable  left 
London  at  3  p.m.  on  January  1  the  equivalent  time  in  New  Zealand  would  be  3  a.m. 
on  January  2.  The  system  proposed  of  simply  changing  “  a.m.”  for  “  p.m.,”  and 
vice  versa,  does  not  offer  the  same  difficulties  or  chances  of  error  as  the  adding  or 
deducting  of  11  h.  30  m.,  particularly  when  one  has  to  consider  whether  the  correction 
has  to  be  added  or  subtracted. 

4.  For  all  astronomical  and  nautical  calculations  the  benefits  of  such  a  simple  method 
of  converting  time  are  obvious,  and  have  been  practically  recognized  at  the  Observatory, 
where  all  the  mean-time  clocks  are  kept  30  m.  fast  on  New  Zealand  mean  time — i.e., 

12  h.  fast  on  Greenwich  mean  time.  The  time  signals  at  Wellington,  Auckland,  Lyttel¬ 
ton,  and  elsewhere  are  always  given  at  exact  hours  of  Greenwich  mean  time.  This 
practical  trial  of  the  method  has  received  the  strong  support  of  nautical  officers,  and 
if  the  change  advocated  is  given  effect  to,  then  these  time  signals  will  be  directfy  avail¬ 
able  for  the  rest  of  the  community. 

5.  Precedents  for  the  alteration  are  to  be  found  in  the  case  of — 

(a.)  South  Africa^  which  from  1892  to  1903  used  a  time  1  h.  30  m.  fast  on  Greenwich 
mean  time.  In  1903  the  time  was  altered  to  an  exact  number  of  hours 
fast  on  Greenwich  mean  time — viz.,  2  h. — when  all  clocks  were  put  on  half 
an  hour. 

( b .)  Ireland,  where  Greenwich  mean  time  has  recently  been  adopted,  and  the  clocks 
were  put  on  25  minutes. 


*  This  corresponds  to  the  meridian  of  172£°  E.  of  Greenwich.  New  Zealand  lies  between  the 
longitudes  178°  36'  and  166°  26',  the  mean  of  which  is  172°  31'.  The  meridian  which  has  an  equal  area 
of  land  on  each  side  of  it  has  been  given  as  172°  49'.  On  the  other  hand,  the  mean  longitude  for  the 
population  is  probably  about  174°. 
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6.  As  the  time  meridian  passes  nearly  through  Lincoln,  Canterbury,  a  reference 
to  the  map  will  show  that  the  whole  of  the  North  Island  and  a  considerable  part  of  the 
South  Island  lie  to  the  east  of  the  present  time  meridian.  If  the  proposal  to  alter  the 
time  meridian  from  172°  30'  east  to  180°  east  is  given  effect  to,  then  the  whole  of  New 
Zealand  will  be  to  the  west  of  the  time  meridian,  which  condition  corresponds  closely 
to  that  of  the  United  Kingdom,  of  South  Africa,  and  of  South  Australia. 

7.  Most  workshops  and  offices  would  be  enabled  to  open  and  close  in  winter  within 
the  hours  of  daylight,  while  in  the  summer  an  additional  half-hour  would  be  available 
in  the  evening  for  outdoor  work  or  recreation.  It  is  already  the  practice  of  many  farmers, 
sawmillers,  engineers,  surveyors,  and  others  to  keep  the  clock  fast  on  New  Zealand  time 
in  order  to  take  advantage  of  the  daylight  in  winter-time. 

It  might  be  objected  that  the  more  westerly  and  southerly  towns,  such  as  Inver¬ 
cargill,  would  be  adversely  affected.  This  would  not  be  the  case,  however,  as  is  evident 
from  an  inspection  of  the  table  given  below.  It  is  further  ty  be  noted  that  Invercargill 
bears  the  same  relation  to  the  new  time  meridian  as  does  Cape  Town  to  its  time  meridian, 
each  town  being  about  46  m.  west  of  the  time  meridian. 

The  suggestions  contained  herein  relate  to  one  permanent  alteration  of  the  clock 
by  which  an  additional  half-hour  of  daylight  will  be  obtained  every  afternoon. 

A  proposal  to  put  the  clock  on  an  hour  for  the  sumner  months  and  to  change  back 
again  for  the  winter  is  not  recommended,  for  many  of  the  advantages  referred  to  above 
would  not  be  gained  by  an  alteration  in  summer  only. 

Briefly,  the  contentions  in  favour  of  the  alteration  are  as  follows  : — 

( 1 . )  Direct  saving  in  all  lighting  of  half  an  hour  daily,  as  well  as  a  saving  in  capital 
expenditure  on  plant  and  machinery. 

(2.)  Conformity  with  International  Time  Agreement  for  exact  hours  different  from 
Greenwich. 

(3.)  Ease  of  conversion  of  times  between  New  Zealand,  United  Kingdom,  and  other 
countries,  with  less  liability  of  error. 

(4. )  Method  already  in  practical  use  at  the  Hector  Observatory,  Wellington. 

(5.)  Precedents  of  (a)  South  Africa,  (6)  Ireland. 

(6.)  Whole  of  North  Island  and  part  of  South  Island  are  slow  on  New  Zealand  time. 
Alteration  would  bring  New  Zealand  into  line  with  the  United  Kingdom. 

(7.)  Direct  benefits  to  the  individual  in  reduction  of  period  for  using  artificial  light 
in  the  workshop,  office,  and  home. 


Table  showing  Times  of  Sunrise,  Sunset,  and  Useful  Daylight  for  certain 

Places  in  New  Zealand. 


— 

Invercar¬ 

gill. 

Dunedin. 

; 

Christ¬ 

church. 

Welling¬ 

ton. 

Napier. 

Auckland. 

Latitude,  south 

46°  26' 

45°  52' 

43°  32' 

41°  17' 

39°  29' 

36°  53' 

Longitude,  minutes  of  time  W. 
of  180°  meridian 

46|-  m. 

38  m. 

29|-  m. 

21  m. 

12  m. 

21  m. 

Midwinter,  June  22 — 

h.  m. 

h.  m. 

h.  m. 

h.  m. 

h.  m. 

h.  m. 

Daylight  begins  . . 

7  56 

7  46 

7  30 

7  16 

7  02 

7  05 

Sunrise 

8  30 

8  19 

8  02 

7  46 

7  32 

7  33 

Sunset 

5  06 

5  00 

5  00 

4  59 

4  56 

5  12 

Daylight  ends 

5  41 

5  34 

5  32 

5  30 

5  25 

5  40 

Midsummer,  December  21 — 

Daylight  begins  .  . 

4  11 

4  06 

4  09 

4  11 

4  09 

4  28 

Sunrise 

4  50 

4  44 

4  44 

4  44 

4  41 

4  58 

Sunset 

8  40 

8  29 

8  11 

7  55 

7  40 

7  41 

Daylight  ends 

9  19 

9  07 

8  47 

8  28 

8  12 

• 

8  11 

The  times  of  sunrise  and  sunset  are  for  the  first  and  last  appearance  of  the  sun’s 
edge,  taking  refraction  into  account.  Daylight  is  assumed  to  begin  or  end  when  the 
sun’s  centre  is  6°  below  the  horizon.  Its  duration  before  sunrise  or  after  sunset  is 
about  one -third  that  of  twilight. 

All  times  are  New  Zealand  mean  time  on  the  basis  of  12  hours  east  of  Greenwich. 
To  find  the  corresponding  times  for  the  present  system  of  civil  time  subtract  30  minutes. 

D.  M.  Y.  Sommerville,  Convener. 

Wellington,  New  Zealand,  3rd  July,  1917. 
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Variable  Stars. 

The  following  lists  are  selected  from  the  lists  in  the  Companion  to  the 

Observatory: —  n  , 

borne  Long-period  Variable  stars. 


This  list  gives  the  dates  of  all  maxima  reaching  7*5  in.  in  1918. 


Star. 

It.  A. 
1915-0. 

Dec. 

1915-0. 

Mag 

Max. 

nitude. 

Min. 

Dates  of  Maximum, 
1918. 

Period 

in 

Days. 

h.  m.  s. 

o  / 

m. 

m. 

T  Ceti 

0  17  28 

-20  32-2 

5-4 

6-9 

June  4,  Nov.  13 

162 

S  Ceti 

0  19  44 

-  9  48-1 

7-3 

13-6 

June  15 

321 

o  Ceti 

2  15  3 

-  3  21-5 

2-0 

9-6 

Sept.  11 

331 

R  Ceti 

2  21  42 

-  0  33-9 

7-0 

<  12-9 

April  28,  Oct,  12 

167 

U  Ceti 

2  29  39 

-13  31-1 

6-6 

12-7 

May  19 

235 

R  Leporis  .  . 

4  55  44 

-14  56-3 

6-0 

10-4 

Mar.  13 

436 

Z  Puppis  .  . 

7  28  58 

-20  28-3 

7-5 

14-0 

April  26 

516 

T  Hydrae  .  . 

8  51  32 

-  8  48-6 

7-4 

13*1 

April  20 

289 

R  Corvi 

12  15  13 

-18  46-7 

5-9 

12*5 

Oct.  31 

318 

R  Hydrae  .  . 

13  25  4 

—22  50-4 

3-5 

10-1 

Oct.  16 

415 

S  Virgin  is 

13  28  34 

-  6  45-4 

6-2 

12-5 

Feb.  9 

377 

RS  Librae 

15  19  22 

-22  36-6 

7-1 

13-0 

Mar.  15,  Oct.  18 

217 

V  Ophiucki 

16  22  0 

-12  13-9 

6-9 

10-8 

Oct.  9 

302 

R  Ophiuchi 

17  2  53 

-15  59-1 

6-0 

13-6 

Oct,  14 

302 

T  Sagittarii 

19  11  20 

-17  7-2 

7-2 

<  13 

(1919,  Jan.  17) 

390 

R  Sagittarii 

19  11  42 

-19  27-5 

7-0 

<13 

Jan.  25,  Oct,  21 

269 

T  Aquarii 

20  45  27 

-  5  27-7 

6-8 

13-4 

July  7 

203 

R  Aquarii 

23  39  26 

-15  45-5 

6-0 

10-8 

Nov.  5 

387 

Some  Short-period  Variable  Stars. 


Star. 

R.A. 

1915-0. 

Dec. 

19150. 

Magnitude. 

Period  in  Days. 

Max. 

Min. 

h.  m. 

O  / 

in. 

in. 

T  Velorum  . . 

8  35*6 

-  47  8 

7*7 

8-5 

4*6392 

1  Carinae 

9  42-7 

-  62  7 

3-6 

5-0 

35*523 

R  Crucis 

12  20-0 

-  61  16 

6-8 

7-9 

5*82485 

R  Muscae 

12  38-1 

-  69  2 

6-7 

7-6 

0*88247 

R  Trianguli  Australis  .  . 

15  13-9 

-  66  15 

6-7 

7*4 

3*38922 

X  Sagittarii  .  . 

17  43-5 

-  27  49 

4-4 

5-0 

7*01188 

Y  Ophiuchi  . . 

17  48-1 

-  6  7 

6-2 

7-0 

17*121 

W  Sagittarii  . . 

18  0-9 

-  29  35 

4-3 

5-1 

7*5946 

Y  Sagittarii  . . 

18  16-4 

-  18  54 

5-8 

6*6 

5*7734 

K  Pavonis 

18  50*3 

-  67  19 

3-8 

5-2 

9-092 

A  Common-sense  Calendar. 

In  Science,  19th  April,  1918,  Professor  Howard  C.  Warren  describes  a 
common-sense  calendar  in  which  he  proposes  that  the  quarters  should  be 
91  days,  each  consisting  of  two  months  of  30  days,  followed  by  one  month  of 
31  days.  The  first  day  of  January,  April,  July,  and  October  is  always  a 
Monday ;  the  first  day  of  February,  May,  August,  and  November  is  always  a 
Wednesday  ;  and  the  first  day  of  March,  June,  September,  and  December  is 
always  a  Friday.  This  accounts  for  364  days.  He  proposes  that  an  extra 
day— the  year  day — is  to  precede  J anuary  1  every  year.  This  day  is  to  be 
a  holiday  and  is  to  run  through  a  week  of  its  own.  Thus  in  1918  year  day 
is  Year  Saturday  ;  1919,  Year  Sunday  ;  1920,  Year  Monday  ;  1921,  Year 
Tuesday;  &c.  The  leap  day  is  to  precede  July  1,  and  this  day  is  also 
a  holiday  and  is  to  run  througfi  a  week  of  its  own,  thus — 1920,  Leap 
Wednesday  ;  1924,  Leap  Thursday ;  1928,  Leap  Friday  ;  &c.  b 

Although  year  day  and  leap  day  run  through  weeks  of  their  own,  the 
adjacent  days  do  not  change :  thus  December  31  is  always  Sunday, 
January  1  is  always  Monday,  June  31  is  always  Sunday,  and  July  1  is 
always  Monday. 

The  proposal  is  certainly  an  ingenious  one,  and  gives  another  solution 
to  the  problem  of  the  simplification  of  the  calendar.  C.  E.  A. 
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DEPARTMENTAL  REPORT. 

Fireproofing  and  Antiseptic  Treatment  of  New  Zealand 

Timbers.* 

By  C.  S.  Hicks,  M.Sc.,  A.I.C.,  F.C.S.,  New  Zealand  National 

Research  Scholar. 

PART  I. 

Introduction. 

Summary  of  Investigations  in  Fireproofing. 

Salts  employed. 

Antiseptic  Treatment  of  New  Zealand  Timbers- — 

Methods  of  Application. 

Tests  and  Descriptions  of  Preservatives  used. 

Descriptions  of  Treatment  and  Comparison  of  Results. 

Conclusions. 

INTRODUCTION. 

The  researches  on  New  Zealand  economic  timbers  presented  in  this  report 
arose  out  of  a  suggestion  by  Dr.  Inglis  that  the  preference  shown  by  the 
white-pine  borer  for  kahikatea  might  have  a  chemical  foundation.  Accord¬ 
ingly  an  investigation  of  the  chemical  constituents  of  the  various  native 
timbers  was  undertaken  to  elucidate  if  possible  this  well-known  pheno¬ 
menon. 

The  method  adopted  was  to  distil  the  wood  in  a  current  of  superheated 
steam,  the  aqueous  distillate,  together  with  the  tarry  residues  therefrom, 
being  examined  for  specific  chemical  compounds. 

To  summarize  the  results  of  this  first  step,  it  might  be  stated  that  in 
no  case  was  any  compound  isolated  that  could  be,  from  its  chemical 
nature,  a  prophylactic  against  the  borer. f  This,  of  course,  represented  a 
considerable  amount  of  negative  work. 

It  was  then  decided  to  extend  the  work  further  in  a  technical  direction, 
which  was  to  include  (1)  an  investigation  of  means  of  fireproofing  our 
economic  timbers  ;  (2)  antiseptic  treatment  against  decay. 

SUMMARY  OF  INVESTIGATIONS  IN-!  FIREPROOFING. 

For  the  investigation  of  means  of  fireproofing  timber  the  ignition 
temperatures  of  the  thoroughly  seasoned  woods  was  first  determined,  and 
then  similar-sized  blocks  were  impregnated  with  the  chemicals  likely  to 
hinder  ignition,  and,  after  drying,  the  ignition-point  was  determined  and 
compared  with  that  of  the  untreated  wood. 

Before  concordant  results  could  be  obtained  many  trials  with  apparatus 
of  different  types  were  made,  culminating  successfully  in  the  adaptation 
of  an  electric  dental  furnace  for  the  purpose.  The  furnace  was  placed 


*  Abbreviated  from  report  presented  to  the  Chairman,  Research  Scholarship  Board, 
Otago  University,  on  the  21st  January,  1917,  and  printed  by  direction  of  the  Board 
of  Science  and  Art. 

I  See  H.  B.  Kirk,  On  the  Occurrence  of  Starch  and  Glucose  in  Timber,  Trans. 
N.Z.  Inst.,  vol.  37,  1905,  pp.  379-80.  The  attacks  of  the  borer  are  stated  to  be 
determined  by  the  presence  of  starch  and  glucose. 
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at  my  disposal  by  Professor  Pickerill,  Dean  of  the  Dental  Faculty,  Otago 
University,  and  was  fitted  up  according  to  the  annexed  diagram. 

For  the  purpose  of  examination,  blocks  that  could  be  conveniently 
placed  in  the  muffle  were  cut  carefully  to  uniform  size,  2  in.  by  2  in.  by  J  in., 
and  the  test  applied  as  follows  :  The  current  was  increased  at  a  uniform 
rate,  and  the  gases  together  with  air  were  allowed  to  escape  from  the 
muffle  through  an  asbestos  chimney  fitted  with  a  mica  window,  and  having 
a  pilot  gas-flame  inside.  At  a  temperature  which  differed  for  different 


Fig.  1.- — -Apparatus  for  determining  the  ignition  temperatures  of  timber. 

woods  the  gases  ignited,  and  burned  continuously  in  the  flue.  This  was 
taken  as  the  ignition-point.  A  comparison  of  average  figures  may  prove 
of  interest :  Rimu,  349°  C. ;  kauri,  360°  C.  ;  birch,  370°  C. ;  totara,  320°  C. ; 
kahikatea,  290°  C. ;  black-pine,  320°  C. 

Impregnation. — Saturated  solutions  of  the  various  salts  were  used,  the 
method  of  impregnation  being  first  to  subject  the  wood  to  the  action  of 
a  vacuum,  while  immersed  in  the  solution,  and  then,  when  escape  of  air 
has  ceased  (by  cessation  of  bubbling,  which  was  found  to  be  concluded 
after  one  hour),  the  atmospheric  pressure  was  restored,  thus  forcing  the 
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liquid  into  the  pores  of  the  timber.  The  pieces  were  weighed  before  and 
after  treatment,  and,  the  strength  of  the  solution  being  known,  the  weight 
of  dry  salt  introduced  could  be  computed.  The  blocks  were  now  heated 
in  an  air-oven  until  all  excess  moisture  was  removed.  This  was  essential 
to  the  accuracy  of  the  ignition  tests,  which  would  be  affected  by  excess  of 
moisture. 

The  tests  were  then  carried  out  as  before,  but  with  this  modification  : 
that  the  burning  was  continued  for  twenty  minutes  after  ignition,  the  loss 
in  weight  so  caused  being  the  determining  factor  as  to  the  efficiency  of 
the  various  chemicals.  This  will  appear  obvious  when  one  considers  that 
impregnation  will  not  prevent  the  ignition  of  the  inflammable  gases  given 
off,  but  will  hinder  or  prevent  the  continued  burning  of  the  wood  itself. 

In  elaborating  these  tests  it  was  found  that  the  strength  of  the  solutions 
could  be  cut  down  to  5-10-per-cent,  solution  only,  the  results  becoming 
thereby  very  little  altered,  while  the  cost  as  a  commercial  process  thus 
becomes  not  only  reasonable,  but  quite  low. 


Salts  employed. 


1.  Chemicals  that  sublime  at  high  temperatures,  the  vapours  of  which 
are  non-inflammable  :  ( a )  ammonium  sulphate  ;  (b)  ammonium  chloride. 

2.  Chemicals  that  lose  their  water  of  crystallization,  or  decompose  with 

the  evolution  of  non-inflammable  gases,  on  being  subjected  to  high  tempera¬ 
tures  :  (a)  ammonium  phosphate ;  (b)  sodium  bicarbonate ;  (c)  oxalic 

acid  ;  (cl)  aluminium  sulphate  ;  ( e )  borax  ;  (/)  ammonium  alum. 

3.  Chemicals  that  fuse,  or  that  melt  in  their  own  water  of  crystallization 
when  heated  :  (a)  borax  ;  (b)  ammonium  alum  ;  (c)  ammonium  phosphate. 

The  strength  of  solution  of  the  most  efficacious  salts  or  mixtures  of 
salts — i.e.,  to  prevent  free  combustion— with  rimu  (red-pine)  are  given  in 
the  following  table  : — 


Ammonium  phosphate 
Ammonium  sulphate 
Ammonium  chloride 
Sodium  borate 

Equal  parts  sodium  borate  and  am¬ 
monium  sulphate 


5-6-per-cent,  solution. 
8-10-per-cent,  solution. 
8-1 0-per-cent.  solution. 
8-10-per-cent.  solution. 

8-10-per-cent,  solution. 


A  mixture  of  ammonium  phosphate  and  sulphate  gave  good  results, 
requiring  even  less  concentrated  solutions  than  those  given,  the  total  per¬ 
centage  strength  being  6.  Although  this  mixture  gave  the  best  results, 
the  tendency  for  phosphates  to  encourage  the  growth  of  moulds  and  fungi 
must  not  be  overlooked,  as  well  as  the  cost  of  ammonium  phosphate.  Taking 
into  account  the  relative  corrosive  actions  of  the  salts  used,  since  this  affects 
the  cost  of  treatment  owing  to  depreciation  of  plant,  we  might  choose 
the  following  for  use  in  ordinary  steel  impregnating-cylinders  :  ammonium 
sulphate  ;  ammonium  phosphate  ;  ammonium  chloride  ;  sodium  borate  ; 
mixtures  of  these. 

As  regards  cost  of  treatment,  based  on  cost  of  material,  sodium  borate 
and  ammonium  borate  have  the  advantage. 

Since  wood-preservation  by  means  of  pressure  treatment  with  salts  soluble 
in  water — e.g.,  zinc  chloride — requires  apparatus  that  could  without  modi¬ 
fication  be  used  for  fireproofing,  it  would  seem  to  offer  advantages  in  treat¬ 
ment  of  structural  timber,  such  as  is  used  for  factories,  storehouses,  &c. 
Double  treatment,  first  with  borate  and  then  with  zinc  chloride,  leads  to 
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precipitation  of  zinc  borate  within  the  pores  of  the  wood,  and  if  excess  of 
chloride  over  the  amount  required  for  complete  precipitation  as  borate  is 
taken  a  considerable  degree  of  fireproofing  is  obtained,  in  addition  to  anti¬ 
septic  treatment  against  decay  ;  and  since  zinc  borate  is  insoluble  in  water 
the  method  is  especially  applicable  to  timber  for  use  in  bridges,  particularly 
road-bridges  common  in  county-engineering  work,  where  first  cost  might 
argue  against  creosote,  and  fire-resistance  is  desirable  owing  to  the  danger 
from  grass-fires. 

ANTISEPTIC  TREATMENT  OF  NEW  ZEALAND  TIMBERS. 

An  investigation  of  the  efficiency  of  various  antiseptic  methods  was 
undertaken,  the  scheme  adopted  being  a  modification  of  that  proposed  by 
Chapman  (American  Society  for  Testing  Materials).  The  data  to  be  gathered 
were — (1)  The  class  of  wood-preservative  most  efficacious  in  preventing 
decay  in  native  woods  exposed  to  the  action  of  damp  soil  and  the  air  ; 
(2)  the  most  efficient  method  of  application  of  the  preservative  ;  (3)  relation 
of  nature  of  timber  to  efficiency  of  different  methods  of  treatment. 

Methods  of  Application. 

A  metal  cylindrical  container  for  the  preservative  was  made  in  this 
case  from  stout  galvanized  iron,  measuring  in.  in  diameter  and  13  in. 
high.  Specimens  were  cut  with  a  \  in.  saw-cut  in  the  top,  and  were 
suspended  in  the  preservative  by  being  threaded  on  to  a  metal  holder  by 
means  of  the  slit.  Four  specimens  were  treated  at  a  time. 

Three  methods  of  treatment  were  used — namely,  cold  dip,  hot  dip,  and 
saturation.  Cold  dip  is  considered  equivalent  to  a  brush  coat  with  cold 
materials.  The  specimens  are  immersed  for  fifteen  seconds  in  the  cold 
liquid  and  then  hung  up  to  allow  the  surplus  to  drain  off.  The  temperature 
of  the  preservative  for  this  treatment  is  about  21°  C. 

The  hot-dip  treatment  is  deemed  equivalent  to  the  hot  open-tank  treat¬ 
ment  as  commonly  used  in  practice.  The  specimens  are  immersed  for  one 
minute  in  the  hot  liquid  and  then  hung  up  to  drain.  The  temperature  of 
the  preservative  for  this  treatment  is  about  100°  C.,  except  in  those  cases 
in  which  the  preservative  boils  or  gives  off  vapour  at  this  temperature.  In 
such  cases  the  temperature  is  reduced  only  enough  to  prevent  boiling.  These 
are  solutions  of  inorganic  compounds  and  one  or  two  low-boiling  distillates. 

Saturation  treatment  is  intended  to  produce  the  same  degree  of  penetra¬ 
tion  in  these  small  specimens  as  would  be  produced  by  the  closed-tank 
pressure  treatment  of  full-sized  timbers.  The  specimens  are  kept  immersed 
in  the  hot  liquid  for  one  hour,  allowed  to  cool  in  the  liquid,  and  then  hung 
up  to  drain.  The  temperature  for  this  treatment  is  maintained  at  105°  C., 
except  where  the  preservative  boils  at  a  lower  temperature,  in  which  case 
the  temperature  is  kept  just  below  the  boiling-point  of  the  liquid.  Because 
of  the  comparatively  small  size  and  thickness  of  the  specimen  it  is  probable 
that  something  approaching  the  full-cell  treatment  results  from  this  method. 

Tests  and  Descriptions  of  Preservatives  used. 

In  order  that  the  results  of  the  fungus-bed  tests  should  carry  a  standard 
value,  it  was  deemed  necessary  that  the  preservatives  used  in  this  connection 
should  be  accurately  defined  by  chemical  analysis,  and  the  necessary  data 
are  therefore  given  in  case  it  should  be  necessary  at  any  time  to  correct 
any  erroneous  impression  regarding  the  efficacy  of  any  of  the  preservatives 
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enumerated.  This  is  especially  necessary  in  the  case  of  creosote,  which 
varies  in  an  inordinate  degree,  and  might  lead  to  wrong  conclusions  when 
used  in  practice.  Another  point  in  this  connection  is  the  fact  that  the 
creosote  had  already  been  used  by  the  Railway  Department,  and  an  analysis 
might  prove  instructive  at  some  later  date. 

Fractionation  of  Creosote. — The  method  of  Deans,  as  given  in  Allen’s 
Commercial  Organic  Analysis,  was  used.  Creosote  from  the  Railway 
Department,  obtained  through  the  kindness  of  the  Assistant  District 
Engineer,  was  taken  as  first  sample,  the  reason  being  that  it  was  the  same 
as  had  been  used  by  the  Department  in  their  practical  tests  at  Woodend, 
Southland,  where  a  complete  plant  had  been  installed  for  the  purpose  of 
treating  the  native  varieties  of  beech,  chiefly  Fagus  Menziesii.  Into  a 
tared  Jena  distilling-flask  250  c.c.  of  creosote  were  weighed  and  distilled  at 
a  rate  of  one  drop  per  second.  Fractions  were  collected  in  tared  flasks. 
The  results  are  shown  in  Table  I. 


Table  I. — Fractionation  of  Creosote. 


Fractions. 

Temperatures. 

Percentage. 

I 

Below  170° 

4-60 

II 

170°-205° 

2-16 

III 

205°-245° 

34-03 

IV  . 

245°-270° 

12-60 

V 

270°-325° 

26-80 

VI 

325°-345° 

13-00 

Specific  gravity  at  16°  C.,  1-076.  Heavy  residue  of  naphthalene  crystals 
at  this  temperature. 


Temperature.  (Deg  Cent) 


Fig.  2. — 'Distillation  graph  of  creosote.  Heavy  line,  fraction  graph  of  sample  ; 
broken  line,  limits  for  grade  A ;  light  line,  limits  for  grade  B. 

Fractionation  of  “  LignoliteF — A  sample  of  the  above  proprietary  com¬ 
pound  was  proffered  by  Messrs.  Keith  Ramsay  and  Co.,  together  with  a 
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sample  of  “  Anti-damp,”  5  gallons  of  each.  Fractionation  of  these  gave 
the  results  shown  in  Table  II. 


Table  II. — Fractionation  of  “  Lignolite." 
(Specific  gravity  at  16°  C.,  0*0968.) 


Fractions. 

Temperatures. 

Percentage. 

I 

Below  170° 

8*35 

II 

170°-205° 

4*61 

III 

205°-235° 

4*40 

IV 

235°-255°  ’ 

5*07 

V 

255°-265° 

12*35 

VI 

265°-275° 

17*35 

VII 

275°-295° 

4*37 

VIII 

295°-315° 

21*24 

170°  190°  210°  230°  250°  270c  290°  310°  330° 

Temperature.  (  Deg  Cent  ) 

Fig.  3. — 'Distillation  graph  of  “  Lignolite.” 

WATER-SOLUBLE  PRESERVATIVES. 

Zinc  Chloride. — The  solution  used  in  these  tests  was  made  up  according 
to  the  specifications  of  the  American  Wood-preservers’  Association — - i.e 
3*5°  Baume  at  70°  F.  This  is  stronger  than  the  Burnett  specification  of 
2  per  cent.  (2°  Baume). 

Sodium  Fluoride. — As  this  salt  is  being  investigated  only  on  the  Continent 
of  Europe  and  in  the  United  States,  and  as  the  reports  so  far  seem  to  point 
to  its  being  even  more  efficacious  than  zinc  chloride,  these  investigations 
would  not  be  complete  without  its  inclusion.  In  the  absence  of  any  refer¬ 
ence  a  solution  containing  2  per  cent,  (i.e.,  of  specific  gravity  1*022)  was 
used.  It  does  not  discolour  the  wood  in  any  way,  and  is  cleaner  to  work 
than  the  zinc  chloride.  So  far  as  one  can  judge  at  the  present  stage,  it 
quite  deserves  the  high  reputation  that  reports  have  given  it. 

Powellizing  Solution. — This  was  obtained  from  the  Railway  Department’s 
plant  at  Woodend,  Southland,  and  was  included  for  purposes  of  comparison, 
as  well  as  to  estimate  its  value  with  New  Zealand  woods. 
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Aluminium  Sulphate. -—This  salt,  either  alone  or  in  conjunction  with 
zinc  chloride,  has  been  tried  by  Hubertumuhle  in  Germany,  and  was  tested 
using  (1)  A12(S04)3,  2  per  cent,  (specific  gravity  1-013)  ;  (2)  equal  parts  of 
both  salts. 

Descriptions  of  Treatment  and  Comparison  of  Results. 

Fungus-bed  Tests. — In  these  tests  pegs  of  standard  dimensions,  12  in. 
by  1  \  in.  by  \  in.,  were  inserted  in  an  infected  plot,  and  examined  from 
time  to  time  to  note  the  progress  of  the  decay,  if  any.  Sufficient  time 
having  elapsed,  the  pegs  were  all  withdrawn,  their  identification  marks 
noted,  along  with  the  degree  of  decay,  this  latter  being  based  on  a  purely 
arbitrary  scale,  taking  for  a  basis  the  decay  of  control  pieces,  which 
crumbled  on  slight  pressure,  as  100  units.  All  other  degrees  of  decay  may 
for  practical  purposes  be  taken  as  percentages  thereof. 

Care  in  repetition  of  the  examination  of  so  many  pieces  removed  any 
early  errors  in  gauging  the  correct  degree  of  decay,  so  that  the  figures 
given  below  may  be  taken  as  representing  within  experimental  error  the 
proper  numerical  relation  between  the  test  pieces  at  the  termination  of  the 
test. 

The  chief  timber  chosen  was  the  New  Zealand  beech  Fagus  Menziesii , 
since  it  is  the  most  important  from  this  point  of  view.  Other  timbers  have 
been  used  for  both  absolute  and  relative  purposes — e.g.,  rimu  and  kahikatea 
'(white-pine).  The  chief  importance  of  the  results  is  that  they  give  material 
for  estimating  probable  cost  of  treatment,  as  well  as  the  relative  values  of 
the  different  methods.  It  has  been  thought  advisable  on  this  account 
to  record  the  tables  in  full.  The  weights  before  and  after  treatment  were 
taken,  unfortunately,  on  the  metric  system,  but  in  the  case  of  full-cell  treat¬ 
ment,  &c.,  these  figures  have  been  converted  into  pounds.  To  convert 
any  of  the  figures  into  pounds  avoirdupois,  divide  by  1,000  and  multiply 
by  2-2.  Details  of  the  method  were  stated  previously,  so  that  I  will  proceed 
to  the  tabular  results  and  the  conclusions  based  thereon.  In  this  and  the 
subsequent  tables,  test  1  is  cold  dip,  test  2  is  hot  dip,  and  test  3  is  full-cell 
treatment . 


Table  III. — Creosote  (N.Z.R.)  Tests. 


Name  of  Wood. 

Test. 

Weight 

before. 

Weight  after. 

Decay. 

Grammes  of 
Creosote  per 
Cubic  Foot. 

Pounds  of 
Creosote  per 
Cubic  Foot. 

1  1 

Red-beech 

1 

Grammes. 

89-97 

Grammes. 

91-92 

20 

384 

0-8 

White-pine  heart  .  . 

1 

48-05 

49-05 

30 

288 

0-6 

White-pine  sap 

1 

43-80 

47-60 

20 

768 

17 

Red-beech 

2 

89-25 

103-15 

20 

760 

1:6 

White-pine  heart  .  . 

2 

43-40 

46-70 

10 

632 

1-3 

White-pine  sap 

2 

38-15 

46-77 

20 

1,592 

35 

Red-beech 

3 

95-15 

134-57 

7.551 

152 

White-pine  heart  .  . 

3 

45-27 

72-45 

5.176 

11  4 

White-pine  sap 

3 

40-77 

93-80 

10,160 

223 
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Duration  of  test,  fourteen  months.  Averages  based  on  .a  total  of 
seventy-two  specimens,  six  to  each  test.  Decay  shown  by  controls  was 
100  according  to  scale. 


Table  I V .-Zinc-chloride  Tests. 


Name  of  Wood. 

Test. 

Weight 

before. 

Weight  after. 

Decay. 

Dry  Salt  injected 
per  Cubic  Foot. 

Rimu  heart 

2 

Grammes. 

54-75 

Grammes. 

55-50 

60 

Grammes. 

lb. 

White-pine  sap 

2 

39-55 

43-50 

50 

.  . 

.  . 

White-pine  heart  .  . 

2 

45-22 

46-67 

40 

.  . 

Red-beech 

2 

87-70 

96-00 

40 

.  . 

.  . 

Rimu  sap 

2 

51-50 

53-00 

40 

,  , 

Rimu  heart 

3 

57-62 

69-30 

20 

57-6 

0-12 

Rimu  sap 

3 

53-22 

76-85 

10’ 

134-4 

0-30 

White-pine  heart  .  . 

3 

40-28 

48-52 

50 

48-0 

o-io 

White-pine  sap 

3 

39-25 

64-37 

40 

153-6 

0-33 

Red-beech 

3 

88-62 

113-70 

30 

153-6 

0-33 

Duration  of  test,  sixteen  months.  In  each  case  the  results  are  the 
averages  of  four  pegs,  thus  the  above  data  are  obtained  from  thirty- two 
pegs,  so  that  allowance  has  been  made  for  individual  differences  sufficient 
to  form  an  estimate  of  the  cost  of  preserving  on  the  amount  of  salt  used. 

Table  V. — Aluminium- sulphate  Tests. 


Red-beech  (average  of  twenty-four  specimens) 


Test. 

Weight  before. 

Weight  after. 

Dry  Salt  per  Cubic 
Foot, 

Decay. 

Grammes. 

Grammes. 

Grammes. 

1 

90-60 

98-15 

28-0 

60 

2 

95-65 

105-20 

38-4 

40 

3 

90-15 

110-35 

76-8 

40 

Duration  of  tests,  twelve  months. 


Aluminium -sulphate  and  Zinc-chloride  Tests.  —  Results  were  so  close  to 
those  obtained  for  straight  zinc-chloride  treatment  as  to  afford  no  ground 
for  diluting  the  latter  with  the  salt. 


Table  VI — Treatment  of  Kamahi  with  “  Lignolite,”  Ac.  (Full-cell  Tests). 


Amount  injected  per 

Decay. 

Cubic  Fcot. 

“  Lignolite  ”  .  . 

.  1,344  grm.  (2-8  lb.) 

Nil 

‘  ‘  Anti-damp  55 

960  grm.  (2*0  lb.) 

20 

Control 

* 

50 

Duration  of  test,  six  months. 
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Kamahi  treated  with  zinc  chloride  averaged  384  grm.  (0-624  lb.)  of  dry 
salt  per  cubic  foot,  and  twelve  specimens  showed  no  decay  after  twelve 
months. 


Table  VII. — Sodium- fluoride  Tests. 


Name  of  Wood. 

Test. 

Weight 

before. 

Weight  after. 

Decay. 

Dry  Salt  injected 
per  Cubic  Foot. 

Grammes. 

Grammes. 

Grammes.  lb. 

Red-beech 

1 

81-67 

89-17 

50 

•  •  •  - 

Rimu  sap 

1 

65-95 

72-17 

60 

•  •  •  . 

White-pine  sap 

1 

65-00 

74-50 

60 

.  •  { 

White-pine  heart  .  . 

1 

.  . 

.  . 

Red-beech 

2 

81-60 

99-60 

30 

Rimu  sap 

2 

63-57 

75-80 

40 

White-pine  sap 

2 

40-30 

61-30 

50 

.  . 

White-pine  heart  .  . 

2 

45-50 

.  . 

.  . 

.  . 

Red-beech .  . 

3 

85-60 

122-20 

10 

140  0-30 

Rimu  sap 

3 

66-80 

98-60 

10 

120  0-26 

White-] )ine  sap 

3 

43-60 

68-90 

• 

30 

.  96  0-22 

Duration  of  test,  fourteen  months. 


Table  VIH.—Powellizing  Solution  Tests. 


Name  of  Wood. 

' 

Test. 

Weight  before. 

Weight  after. 

Decay. 

Red- beech 

1 

Grammes. 

97-50 

Grammes. 

101-70 

80 

White-pine  sap  .  . 

1 

39-65 

42-35 

100 

White-pine  heart 

1 

46-50 

48-25 

60 

Rimu  sap 

1 

50-32 

52-17 

100 

Red-beech 

2 

95-65 

102-50 

80 

White-pine  sap  .  . 

2 

39-00 

42-85 

60 

White-pine  heart 

2 

48-30 

52-10 

80 

Rimu-sap 

2 

54-90 

58-50 

100 

Red-beech 

3 

106-70 

117-50 

80 

White-pine  sap  .  . 

3 

38-60 

46-00 

60 

White-pine  heart 

3 

47-25 

54-15 

80 

Rimu  sap 

3 

51-00 

57-35 

100 

Duration  of  test,  fourteen  months. 


CONCLUSIONS. 

The  general  value  of  preservative  treatment  will  be  obvious  when 
it  is  remembered  that  the  control  pieces  had  undergone  decay  sufficient 
to  permit  crushing  by  hand,  while  in  no  case,  except  in  the  powellizing 
tests,  did  the  decay  exceed  60  units  according  to  the  scale  adopted — i.e., 
60  per  cent. 
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Creosote. — Beech,  with  full-cell  treatment  with  the  creosote  available — 
namely,  grade  2 — gave  best  results  compatible  with  cost,  but  empty-cell 
treatment  with  higher-grade  oil  would  prove  more  economical.  Apart 
from  comparison  with  the  following  there  is  nothing  of  importance. 

Zinc  Chloride. — This  salt  gave  fairly  good  results,  the  maximum  weight 
of  dry  salt  for  F.  Menziesii  being  J  lb.  per  cubic  foot.  The  results  agree  well 
with  United  States  tests,  and  would  seem  to  offer  a  cheap  means  of  treatment 
in  localities  where  the  rainfall  is  not  too  great,  this  latter  precaution  being 
necessary  owing  to  the  solubility  of  this  salt.  So  far  as  one  can  judge,  how¬ 
ever,  F.  Menziesii  is  a  poor  structural  timber  from  other  points  of  view, 
and,  since  cost  is  the  chief  consideration,  straight  zinc  treatment  would 
prove  more  economical  than  creosote,  owing  to  lower  initial  cost.  I  would 
suggest  the  following  as  a  method  of  treating  fencing-posts.  It  corresponds 
to  a  full-cell  treatment  with  zinc  chloride,  and  for  the  purpose  would  be  just 
as  efficient  and  much  cheaper  than  creosoting. 

The  butts  of  the  posts  are  to  receive  a  preliminary  two-hours  boiling  in 
any  cheap  crude  oil,  which  expands  the  air  in  the  cells  and  thoroughly  heats 
the  timber  to  the  centre.  The  posts  are  then  to  be  withdrawn  and  imme¬ 
diately  immersed  in  the  zinc-chloride  (3  per  cent.)  solution,  at  ordinary 
temperature. 

Another  way,  though  less  efficacious,  would  be  to  soak  the  posts  in  a 
6-per-cent,  solution  for  at  least  one  week.  According  to  my  tests  this  would 
give  about  J  lb.  per  cubic  foot  of  dry  salt ;  the  other  method  would  give  as 
much  as  \  lb.  per  cubic  foot. 

Of  course,  the  foregoing  only  applies  to  the  poorer  grades  of  fencing- 
timber. 

For  railway-sleepers  full-cell  zinc  has  been  suggested,  but  this  may  be 
modified  by  injecting  an  emulsion  of  3  parts  zinc  salt  and  1  part  creosote  for 
wet  localities. 

A  comparison  of  costs  of  different  methods  adopted  in  the  United  States 
of  America  is  here  given,  culled  from  different  sources  : — 

Cost  of  treating  sleepers,  7  in.  by  9  in.  by  8  ft.,  exclusive  of  season¬ 
ing  :  zinc  chloride,  5d.  to  7d.  per  sleeper ;  zinc  and  creosote  emulsion, 
6d.  to  8d.  per  sleeper  ;  empty-cell  (final  vacuum)  creosote,  Is.  OJd.  to 
Is.  2Jd.  per  sleeper ;  full-cell  creosote,  Is.  7Jd.  to  Is.  l(>Jd.  per  sleeper. 
For  purposes  of  comparison  these  figures  apply  equally  to  treatment  of 
our  own  timbers. 

Zinc  Chloride  and  Aluminium  Sulphate. — From  the  results  obtained,  this 
mixture  does  not  seem  to  be  indicated  as  possessing  any  special  value.  It 
is  supposed  to  give  greater  penetration  than  zinc  alone,  but  does  not  in 
these  experiments  show  any  advantage. 

Sodium  Fluoride.— This  salt  gave  surprising  results,  as  will  be  seen  from 
the  tables.  This  preservative  had  just  been  suggested,  and  tests  inaugurated 
before  the  war,  by  the  German  Government  railways.  It  was  hinted  then 
that  good  results  were  anticipated  owing  to  the  high  toxicity  of  the  salt, 
which  exceeds  that  of  zinc  chloride  and  phenol.  It  does  not  have  such 
corrosive  properties,  nor  does  it  attract  moisture,  and  an  even  more  important 
feature  is  its  sparing  solubility  in  water.  About  J  lb.  per  cubic  foot  gives 
results  which,  while  not  comparable  with  full-cell  creosote,  are  greatly  superior 
to  zinc. 

Powellizing  Solution. — The  results  obtained  seemed  little  better  than 
the  controls,  as  even  rimu  with  full-cell  treatment  rotted  completely. 
Evidently  the  arsenic  which  was  added  to  the  sample  from  the  Railway 
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Department  had  little  or  no  effect.  The  fungus  grew  luxuriantly  on  treated 
wood,  leaving  in  some  cases  only  a  shell. 

I  can  see  no  reason  why  timber  treated  with  sodium  fluoride  could 
not  be  used  for  structures  which  required  a  coat  of  paint  afterwards. 
Here  the  full  advantage  over  zinc  can  be  obtained,  since  the  latter  cannot 
be  painted  over.  Wooden  buildings  if  built  of  such  timber  would  not 
only  last  longer,  but  be  immune  from  attack  by  boring-insects,  and  would 
also  obtain  some  measure  of  protection  against  fire.  The  present  Railway 
preserving  plants  could  thus  treat  all  timber  to  be  used  along  the  line,  if 
it  could  be  shown  that  an  economy  would  be  effected.  This  latter  phase 
is  not  within  the  scope  of  this  work,  which  merely  aims  at  being  the 
beginning  of  an  investigation  in  a  branch  of  human  economics  which 
elsewhere  is  attaining  enormous  proportions. 

Addendum. — The  results  of  the  test  on  the  proprietary  preservative 
Ci  Lignolite,”  inserted  for  comparative  purposes,  were  quite  good.  Taken  in 
conjunction  with  its  good  penetrating-power,  its  toxicity  makes  it  an 
exceJent  preservative  for  brush  treatment.  It  was  the  only  sample  on 
the  market  locally. 

(To  be  continued.) 


UNIVERSITY  AND  SCIENTIFIC  NEWS. 
University  of  New  Zealand. 

As  a  result  of  the  elections  for  the  Senate  held  in  May,  Professor  T.  Gilray 
replaces  Professor  P.  Marshall,  and  Professor  A.  Wall  replaces  Professor 
C.  Chilton.  The  Senate  is  now  constituted  as  follows  : — 

Appointed  by  the  Governor-General  in  Council :  W.  J.  Anderson, 
M.A.,  LL.D.  ;  Hon.  W.  E.  Collins,  C.M.G.,  M.B.,  M.R.C.S.  ; 

H.  F.  von  Haast,  M.A.,  LL.B.  ;  Hon.  J.  A.  Hanan,  M.P. 

» 

Appointed  by  Councils  of  Affiliated  Institutions  :  H.  L.  Ferguson, 
M.A.,  M.D.,  F.R.C.S.I ,  and  Rev.  W.  Hewitson,  B.A.  (Otago 
University)  ;  J.  C.  Adams,  B.A.,  and  R.  J.  Scott,  M.Inst.C.E., 
M.Inst.M.E.,  Fellow  A.Inst.E.E.  (Canterbury  College)  ;  Rev. 
W.  A.  Evans  and  Hon.  Sir  Robert  Stout,  K.C.M.G.,  LL.D. 
(Victoria  University  College)  ;  H.  J.  D.  M.  Mahon,  B.A.,  and 
Hon.  J.  A.  Tole,  K.C.,  B.A.,  LL.B.  (Auckland  University 
College). 

Appointed  by  Professorial  Boards  :  W.  B.  Benham,  M.A.,  D.Sc., 
F.R.S.  (Otago  University)  ;  A.  Wall,  M.A.  (Canterbury  College)  ; 
H.  B.  Kirk,  M.A.  (Victoria  University  College)  ;  H.  ^W.  Segar, 
M.A.  (Auckland  University  College). 

Appointed  by  Dstrict  Courts  of  Convocation:  Rev. ‘A.  Cameron, 
B.A.,  and  T.  Gilray,  M.A.,  LL.D.,  F.R.S.E.  (Otago)  ;  J.  M. 
Brown,  M.A.,  LL.D.,  and  J.  Hight,  Litt.D.,  F.R.E.S.  (Canter¬ 
bury)  ;  T.  A.  Hunter,  M.A.,  M.Sc.,  and  H.  H.  Ostler,  LL.B. 
(Victoria)  ;  W.  C.  W.  McDowell,  B.A.,  M.D.,  C.M.,  and  J.  W. 
Tibbs,  M.A.  (Auckland). 


1918.]  The  N.Z.  Journal  of  Science  and  Technology. 


247 


Cawthron  Institute  of  Scientific  Research,  Nelson. 

At  a  meeting  of  the  Cawthron  Trustees  held  on  the  30th  May,  1918,  the 
appointment  of  the  Advisory  Board  was  confirmed  for  six  years  from  the 
date  of  their  appointment  on  the  25th  September,  1916.  The  Advisory 
Board  consists  of  Sir  James  G.  Wilson,  K.B.  (Chairman)  ;  Professor 
W.  B.  Benham,  M.A.,  D.Sc.,  F.R.S. ;  Dr.  L.  Cockayne,  F.R.S. ;  Professor 
T.  H.  Easterfield,  M.A.,  Ph.D.  ;  Dr.  P.  Marshall,  F.G.S.,  F.R.G.S. ;  and 
Professor  B.  P.  Worley,  M.A.,  D.Sc.,  D.I.C.,  F.C.S. 

The  Advisory  Board,  in  conjunction  with  the  Chairman  of  the  Trustees, 
is  to  make  inquiries  in  regard  to  the  appointment  of  a  Director,  such  Director 
to  be  a  chemist  with  biological  leanings,  and  to  be  a  man  of  fair  business 
ability. 

It  was  resolved  that  the  Cawthron  Trustees  approach  the  Government 
with  a  view  to  the  appointment  of  two  scientific  investigators  to  operate  in 
the  Nelson  District  with  a  view  to  finding  out  the  causes  and  cures  of  certain 
blights  ;  and  that  the  Trustees  are  willing  to  place  at  the  disposal  of  the 
Government  the  sum  of  £1,000  per  annum  for  a  period  of  two  years  on  con¬ 
dition  that  any  results  obtained  be  the  joint  property  of  the  Government 
and  the  Cawthron  Institute. 

The  regulations  for  the  Cawthron  Minor  Scholar,  hip  are  now  published, 
and  copies  may  be  obtained  from  Messrs.  W.  Bout  and  Sons  (Limited),  Nelson. 
Candidates  must  be  British  subjects,  and  the  scholar  must  matriculate  at 
a  University  college  and  study  for  the  B.Sc.  degree,  and  sign  a  declaration 
that  he  will,  after  graduation,  accept  (if  offered)  a  Cawthron  Scholarship 
of  £150  per  annum  and  pursue  his  studies  for  not  less  than  two  years  at 
the  Cawthron  Institute.  The  Minor  Scholarship  is  of  the  value  of  £80  per 
annum,  plus  the  fees  for  attendance  at  University  classes  up  to  the  amount 
of  £25  per  annum.  The  tenure  of  the  scholarship  is  for  three  years.  Pre¬ 
ference  in  the  selection  of  a  scholar  shall  be  given  (< ceteris  paribus)  to  candi¬ 
dates  from  Nelson  and  Marlborough.  The  scholarship  will  be  awarded  on 
the  science  papers  of  the  University  Scholarship  Entrance  Examination  in 
not  less  than  two  nor  more  than  three  of  the  following  subjects  :  Mathematics, 
physics,  chemistry,  and  botany.  The  marks  obtained,  together  with  a 
criticism  of  the  work  of  the  first  three  candidates  in  each  subject,  are  to  be’ 
forwarded  to  the  Advisory  Board,  which  shall  then  recommend  that  candi¬ 
date  for  election  who  appears  to  give  the  greatest  promise  of  being  useful 
to  the  institute. 

The  second  annual  Cawthron  lecture  was  delivered  in  the  School  of 
Mines,  Nelson,  by  Professor  W.  B.  Benham,-  M.A.,  D.Sc.,  F.R.S.,  on  the 
30th  May.  The  subject  chosen  was  “  Biology  in  Relation  to  Agriculture,” 
and  the  lecturer  devoted  particular  attention  to  the  problems  of  fruit¬ 
growing  and  the  kinds  of  research  the  institute  should  attempt.  These 
include  inquiries  into  the  efficiency  of  different  kinds  of  sprays  on  different 
kinds  of  trees,  the  most  productive  method  of  pruning,  and  the  most  suitable 
and  economic  methods  of  manuring.  Other  matters  that  ought  to  receive 
attention  are;  (1)  A  thorough-going  soil  survey — the  investigation  of  the 
chemistry,  physics,  and  biology  of  the  soil,  and  especially  of  the  humus  and 
its  effect  on  plant-growth,  of  which  little  is  as  yet  known  :  (2)  an  extended 
programme  of  investigation  of  the  diseases  that  attack  our  plants,  and 
especially  those  that  are  injurious  to  the  fruit-tree. 

The  lecture,  together  with  the  first  annual  lecture  by  Professor  T.  H. 
Easterfield,  is  to  be  published  bv  the  institute. 
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Philosophical  Institute  of  Canterbury. 

May  1. — Mr.  W.  H.  Skinner  delivered  a  presidential  address  on  "  The 
Decorated  Cave  Shelters  of  Canterbury.”  He  pointed  out  the  immense 
gains  to  archaeology  brought  about  by  the  discovery  of  the  paintings  by 
the  cave  and  rock-shelter  men  in  Europe,  and,  while  not  claiming  that 
the  crude  paintings  on  the  rock  shelters  of  North  Otago  and  Canter¬ 
bury  possessed  a  similar  value,  strongly  urged  their  preservation,  as  the 
only  examples  known  of  the  figure-drawing  done  by  the  New  Zealand 
branch  of  the  Polynesian  race.  The  steps  already  taken  in  this  direction 
were  outlined,  but  the  matter  must  be  pressed  to  a  successful  conclusion. 
The  lecturer  then  went  on  to  discuss  the  possible  authors  of  the  paintings, 
outlining  what  is  known  of  the  pre-European  inhabi  ants  of  the  South  Island. 


Hawke’s  Bay  Philosophical  Institute. 

May  17. — Mr.  T.  Hyde  delivered  the  opening  address,  on  “  Scientific 
Development — Past,  Pres  nt,  and  Future.”  He  endeavoured  to  trace 
analogies  between  the  wave  theory  as  applied  to  light  and  electricity 
and  the  mechanism  of  thought  in  animals  and  man,  suggesting  that  as 
electricity  depends  upon  magnetism,  thought  may  depend  on  “  animal 
magnetism.” 


Wellington  Philosophical  Society. 

May  8. — Mr.  S.  H.  Jenkinson  delivered  an  inaugural  address  to  the 
Technological  Section  on  “  Some  Considerations  on  National  Efficiency.” 
He  contended  that  increased  production  was  the  only  solution  of  labour 
troubles.  Only  by  that  means  could  there  be  sufficient  profits  in  industry 
to  pay  such  wages  as  would  ensure  reasonable  standards  of  health  and 
leisure.  So  far  as  New  Zealand  was  concerned,  the  chief  methods  of 
•increasing  production,  besides  the  co-operation  of  labour,  were  intensive 
land  -  development,  settlement  of  chosen  districts,  one  at  a  time,  and 
improved  methods  of  banking.  Next  in  importance  came  education  and 
the  scientific  management  of  industries. 

May  15. — Dr.  C.  A.  Cotton  read  a  paper  before  the  Geological  Section 
on  “  Geomorphology  of  the  Coastal  District  of  South-western  Wellington.” 

May  22. — Mr.  Elsdon  Best  read  a  paper  on  “  The  Discovery  and 
Rediscovery  of  Wellington.” 

June  5. — Mr.  A.  W.  Burrell  read  a  paper  before  the  Astronomical 
Section,  entitled  “  Is  Earth-rotation  the  Cause  of  the  Ocean  Currents  ?  ” 
The  paper  was  illustrated  by  a  model  of  the  continents  and  oceans, 
which  when  rotated  reproduced  very  accurately  the  main  currents  of  the 
oceans. 


June  12. — Mr.  E.  Parry  read  a  paper  before  the  Technological  Section, 
on  “  Electrification  of  New  Zealand  Railways.” 

June  19.— Dr.  J.  Henderson  read  a  paper  before  the  Geological  Section, 
entitled  “  Notes  on  the  Post-Tertiary  History  of  New  Zealand.” 
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REVIEWS  AND  ABSTRACTS. 

Polynesian  Navigators  :  their  Exploration  and  Settlement  of  the  Pacific, 

by  Elsdon  Best.  Geographical  Review ,  vol.  5,  No.  3,  pp.  169-82,  with 
map  ;  March,  1918. 

Two  years  ago  Mr.  Best  contributed  to  the  Transactions  of  the  New 
Zealand  Institute  an  article  on  Maori  voyagers  and  their  vessels,  an  article 
as  valuable  from  its  poetic  lire  as  it  is  undoubtedly  from  the  scientific 
standpoint.  Since  then  he  has  completed  the  manuscript  of  a  proposed 
Museum  Bulletin  on  canoes,  the  publication  of  which  unfortunately  has 
to  be  held  over  until  after  the  war.  Meanwhile  lie  has  returned  to  the 
subject  in  the  article  under  review,  and  has  given  American  readers  a  most 
interesting  account  of  the  peopling  of  the  Pacific  islands  by  the  Polynesian 
navigators,  the  true  Argonauts.  No  one  interested  in  Maori  studies  should 
miss  this  article,  of  which  the  following  extract  is  typical 

“  Long  centuries  before  Columbus  and  his  timid  crews  crept  fearfully 
across  the  Western  Ocean,  the  Polynesian  was  making  voyages  of  thousands 
of  miles  in  rude  vessels  on  seas  unknown  to  Europeans.  He  did  not  waste 
time  nor  weaken  his  resolution  by  fearing  unseen  dangers,  or  by  whining  to 
his  gods  to  keep  him  from  falling  over  the  edge  of  the  world,  for  he  firmly 
believed  his  gods  to  be  on  his  side  and  ever  upholding  him.  Gripping  his 
long  steering-oar  and  trimming  his  lofty  sails,  he  threw  the  racing  leagues 
astern  and  boldly  sailed  down  into  unknown  seas  in  search  of  adventure 
or  a  new  home.  Ignorant  of  the  compass  and  of  charts,  he  held  his  prow 
on  the  heavenly  bodies  or  followed  the  regular  roll  of  the  waves  before  the 
trade  winds.  From  the  far-flung  Carolines  to  the  lone  outpost  of  Easter 
Island,  from  Hawaii  in  the  north  to  New  Zealand  in  the  south,  across  seven 
thousand  miles  of  the  ocean  the  Polynesian  lifted  the  rolling  water-trails 
of  the  Pacific.  Ever  yielding  to  the  lure  of  Hine-moana,  urged  on  by  the 
spirit  of  adventure,  he  drove  his  long  boat  across  many  lines  of  longitude, 
through  many  degrees  of  the  thermal  line.”  J.  A.  T. 

Mosquitoes  and  their  Relation  to  Disease :  their  Life-history,  Habits, 
and  Control,  by  F.  W.  Edwards.  British  Museum,  Natural  History, 
Economic  Series,  No.  4,  20  pp.,  1916.  Price,  Id. 

This  pamphlet  is  one  of  a  most  valuable  series  issued  by  the  British 
Museum,  dealing  with  the  part  played  by  insects  in  the  spread  of  disease. 
The  series  should  be  in  the  hands  of  all  public  bodies,  medical  men,  sanitary 
inspectors,  and  householders  who  aspire  to  healthy  surroundings.  The 
pamphlets  are  all  at  popular  prices,  and  may  be  obtained  from  the  Director, 
British  Museum  (Natural  History),  Cromwell  Hoad,  London  S.W. 

The  diseases  so  far  proved  to  be  transmitted  by  mosquitoes  are  malaria, 
yellow  fever,  elephantiasis,  dengue  fever,  and  filarial  worms.  While  the 
first  four  are  tropical  diseases,  and  carried  by  particular  species  not 
identified  from  New  Zealand,  it  must  be  remembered  that  the  mosquitoes 
of  New  Zealand  are  still  far  from  being  well  known,  and  that  -there 
is  always  the  possibility  of  the  introduction  of  Stegomyia  fasciata ,  the 
Vellow-fever  mosquito,  from  the  South  Sea  Islands.  In  any  case,  mosquito- 
control  is  desirable  for  its  own  sake,  because  of  the  irritation  caused  by 
the  bite. 
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The  most  satisfactory  method  of  control  is  the  destruction  of  larvae 
and  their  breeding-places.  The  main  features  to  be  noticed  are  the  removal 
where  possible  of  all  collections  of  water — e.g.,  in  old  tins,  roof-gutters, 
bottles,  rain-puddles,  &c.-  the  screening  of  water-barrels,  or  adding  1  part 
of  copper  sulphate  to  5,000  parts  of  water,  which  will  destroy  the  larvae, 
but  will  not  affect  the  water  for  drinking  purposes.  In  the  case  of  larvae 
living  in  streams  and  pools  the  introduction  of  small  fish  has  been  of  value  ; 
ducks  are  also  beneficial. 

A  common  practice  is  oiling  the  surface  of  water  with  kerosene, 
petroleum,  &c.  ;  the  lighter  oils  may  be  sprayed  on  the  water.  The  follow¬ 
ing  larvicide  was  found  to  be  very  successful  in  the  Panama  Canal  zone  : 

150  gallons  of  carbolic  acid  is  heated  in  a  tank  to  the  temperature  of 
212°  F.,  then  150  lb.  of  powdered  or  finely  broken  resin  is  poured  in,  30  lb. 
of  caustic  soda  is  then  added,  and  solution  kept  at  212°  F.  until  a  perfectly 
dark  emulsion  without  sediment  is  obtained.  The  mixture  is  thoroughly 
stirred  from  the  time  the  resin  is  put  in  until  the  end.”  One  part  of  the 
emulsion  in  5,000  parts  of  water  is  recommended.  It  is  diluted  one-sixth 
and  sprayed  on  the  water,  even  on  moderately  flowing  streams.  There 
are  several  other  larvicides  mentioned.  In  large  swamp  areas  oiling  is 
sometimes  resorted  to,  but  the  most  satisfactory  results  are  obtained  by 
extensive  draining.  I).  M. 

Studies  in  Australian  Mecoptera.  No.  1,  The  New  Family  Nannochoristidae, 
with  Descriptions  of  a  New  Genus  and  Four  New  Species  ;  and  an 
Appendix  descriptive  of  a  New  Genus  and  Species  from  New  Zealand, 
by  R.  J.  Tillvard.  Proc.  Linn.  Soc.  N.S.W.,  vol.  42,  pt.  2,  pp.  284-301, 
1917. 

The  small  order  Mecoptera,  or  scorpion-flies,  is  still  treated  by  the  more 
conservative  entomologists  as  a  family  of  the  Neuroptera,  but  Dr.  Tillyard 
considers  that  its  separation  into  a  distinct  order  rests  on  absolutely  un¬ 
assailable  foundations,  and  promises  to  deal  later  with  the  view  of  Handlirsch 
that  it  is  ancestral  to  the  Trichoptera,  Lepidoptera,  and  Diptera.  Though 
small  in  its  number  of  species  at  the  present  day,  the  fossil  record  leads 
to  the  belief  that  it  was  more  abundant  in  past  days.  Dr.  Tillyard  has 
already  described  a  fossil  representative  from  the  Triassic  beds  of  Ipswich, 
Queensland,  and  now  announces  the  discovery  of  other  fossils  from  the 
Wianamatta  shales  and  the  Permo-Carboniferous  beds  of'  Belmont,  near 
Newcastle,  N.S.W.  In  the  present  paper  a  number  of  Tasmanian  specimens 
are  placed  in  the  new  genus  Nannochorista,  which  is  stated  to  be  an  example 
of  a  highly  specialized  reduced  type  based  upon  a  very  archaic  foundation. 
“  It  seems  clear  that  the  discovery  of  this  remarkable  new  type  of  insect 
is  of  the  greatest  interest  to  students  of  all  the  Panorpid  orders,  and 
cannot  fail  to  influence  very  greatly  our  views  upon  the  phylogeny  of  the 
Lepidoptera  and  Diptera,  as  well  as  radically  altering  our  conception  of  the 
Mecoptera  as  an  order  preserving  an  original  freedom  of  action  between 
fore-  and  hind- wings.” 

In  an  appendix  Dr.  Tillyard  describes  a  pair  of  specimens  from  Queens¬ 
town  and  Longwoods,  N.Z.,  forwarded  to  him  by  Mr.  A.  Philpott,  of 
Invercargill,  for  which  he  makes  the  new  genus  and  species  Choristella 
philpotti.  He  remarks  :  “I  have  little  doubt  that  this  insect  would  be 
found  in  any  of  the  mountainous  regions  of  the  South  Island,  especially 
along  the  borders  of  lakes  and  small  mountain-streams.  .  .  .  The 

bearing  of  this  discovery  upon  the  Antarctic  theory  as  advocated  by 
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Mr.  Hedley  is  obvious.  A  highly  specialized  derivative  from  a  very  ancient 
stock,  and  quite  unlike  anything  else  known  to  exist  in  any  other  part  of 
the  world,  the  Nannochoristidae  form  one  of  those  test-groups  upon  which 
the  theory  may  be  found  to  stand  or  fall.  The  distribution  of  this  family, 
so  far  as  is  at  present  known,  in  Tasmania,  the  eastern  highlands  of 
Australia,  and  in  New  Zealand,  can  only  be  explained  by  dispersal  from 
an  original  common  Antarctic  ancestor.  If  another  form  belonging  to 
this  family  were  to  be  found  in  south  Chile  or  Patagonia  the  evidence 
would  be  complete  ;  but  it  seems  almost  hopeless  to  expect  this  region 
to  be  searched  for  such  out-of-the-wav  insects  for  a  very  long  time  to 
come.55  '  ‘  W.  N.  'B ,  J.  A.  T. 

British  Antarctic  (“Terra  Nova”)  Expedition,  1910:  Natural  History 

Report. 

Marine  Algae,  by  A.  Gepp  and  E.  S.  Gepp  ;  Melobesieae,  by  Mine  Paul 

Lemoine.  Botany ,  part  II,  pp.  17-28. 

The  small  amount  of  seaweed  material  collected  by  the  “  Terra  Nova  ” 
is  rather  disappointing  for  such  an  expedition  ;  one  would  expect  far  more. 
Clearly,  as  pointed  out  by  Mr.  Gepp,  seaweeds  kt  were  not  the  subject  of 
the  collectors’  special  attention.”  The  far  southern  seas  must  contain 
many  forms  of  marine  Algae  not  yet  recorded. 

Including  fragments,  the  number  of  Algae  recorded  by  Mr.  and  Mrs 
Gepp  for  this  expedition  is  twenty-one.  Eleven  of  these  have  been  well 
known  to  New  Zealand  for  many  years.  These  are — Caulerpa  hypnoides 
C.  Ag.,  C.  articulata  Harv.,  Pterocladia  lucida  J.  Ag.,  S tenogramma 
interruptum  Mont.,  Dactylmenia  Berggreni  J.  Ag.,  Anal.  Algol  ( Kallymenia 
Berggreni  J.  Ag.,  Epier.),  Melanthalia  abscissa  Hook.  &  Harv.,  Gracilaria 
multipartita  Harv.,  Plocamium  abnorme  Hook.  &  Harv.,  P.  coccineum  var. 
jlexuosum  Harv.,  Ptilota  formosissima  Mont.,  Bostrychia  arbuscula  Hook.  & 
Harv. 

One  species  is  apparently  quite  new,  and  has  not  previously  been 
recorded  from  New  Zealand—  viz.,  Melobesia  Geppii  Lemoine,  which  was 
collected  at  Spirits  Bay,  North  Cape.  Of  the  other  seaweeds  mentioned 
by  Mr.  and  Mrs.  Gepp,  numbering  nine,  and  unknown  to  New  Zealand, 
three  were  so  fragmentary  that  they  could  not  be  given  specific  rank  until 
more  material  of  the  same  character  was  collected.  J.  C.  S. 

Echinoderma  :  Part  I. — Actinogonidiata,  by  Professor  F.  Jeffrey  Bell. 

Zoology ,  vol.  4,  No.  1,  pp.  1-10. 

Of  the  two  species  of  Echini  taken  near  the  North  Cape  by  the  “  Terra 
Nova,”  one,  Astropyga  radiata,  not  previously  found  in  New  Zealand  waters, 
occurs  throughout  the  Indo-Pacific  region  ;  and  the  other,  a  Laganum,  is 
represented  by  young  specimens  only,  not  identifiable.  It  has  long  been 
known  that  a  species  of  Laganum  not  yet  identified,  but  probably  one  of 
the  Australian  species,  occurs  off  the  southern  shores  of  the  South  Island. 

The  two  Asteroids  collected  are  well-known  forms- — Asterina  regularis, 
and  the  widely  spread  Astropecten  poly  acanthus,  previously  recorded  from 
the  Bay  of  Plenty. 

Seven  Ophiurans  were  taken  in  New  Zealand.  Pectinura  is  represented 
by  young  specimens  not  identified.  Two  specimens  of  Ophiothrix,  “  pro¬ 
bably  new,”  the  first  of  this  widely  spread  genus  found  in  the  New  Zealand 
seas,  are  not  described.  A  specimen  of  Clark’s  Ophiomyxa  brevirima  was 
obtained  off  the  North  Cape.  Specimens  previously  found  in  the  vicinity 
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of  Wellington,  and  supposed  to  be  identical  with  the  Indo-Pacific  form 
0.  australis ,  belong  to  this  species.  Three  new  Astrophiurids  are  briefly 
described  :  Astroporpa  wilsoni  and  Astroschema  elegans  from  near  the  North 
Cape,  and  Astrotoma  benhami  off  the  Three  Kings.  Ophiocreas  eonstrictum, 
previously  recorded  from  the  West  Coast  Sounds  of  the  South  Island,  was 
also  taken  off  the  Three  Kings.  H.  F. 

The  Australian  Forestry  Journal. 

This  new  quarterly  journal  is  issued  by  the  New  South  Wales  Forestry 
Commission  at  a  subscription  of  2s.  per  annum.  The  editorial  to  the  first 
number,  signed  by  Hon.  W.  G.  Ashford,  Minister  for  Lands  and  Forests, 
clearly  indicates  the  scope  of  the  journal :  “  The  Forestry  Journal  is  not 
intended  to  be  a  technical  publication,  burdened  with  highly  scholastic 
articles  and  bristling  with  the  phraseology  of  science,  which  is  little  under¬ 
stood  by  others  than  the  scientists.  On  the  contrary,  it  is  intended  to  be 
understandable  by  all  people  ;  to  be  instructive  to  ‘  the  man  in  the  street  ' 
no  less  than  informative  and  interesting  to  those  for  whom  forestry  is  a 
profession  and  a  business.  Briefly,  the  idea  is  to  put  before  the  public 
periodical  bulletins  of  notes  and  news  which  shall  cause  those  who  read 
to  recognize  that  forestry  is  worth  while  that  trees  are  deserving  of 
attention,  care,  and  respect.'1 

The  first  two  numbers  are  full  of  interesting  matter,  and  illustrated 
with  good  views  of  forests,  and  augur  well  for  the  success  of  the  journal. 
The  Government  of  New  South  Wales  is  to  be  congratulated  on  its  favour¬ 
able  attitude  to  scientific  forestry. 

Metallurgical  Reports,  Department  of  Mines,  South  Australia. 

Government  Departments  tend  to  run  in  grooves  and  to  imitate  one 
another  in  different  countries.  There  is  little  reason  why  nearly  all  countries 
should  possess  a  Geological  Survey  and  not  a  Chemical  or  Natural  History 
Survey,  but  it  is  so.  The  South  Australian  Department  of  Mines  is  to  be 
congratulated  on  departing  from  ordinary  ways  of  Mines  Departments 
by  appointing  a  Government  Metallurgist  and  instituting  a  series  of  metal¬ 
lurgical  reports.  The  first  report  deals  with  the  recovery  of  copper  from  its 
ores  in  the  United  States  by  leaching  and  precipitation,  and  on  appliances 
used  in  connection  therewith,  and  cannot  fail  to  be  of  great  service  to  the 
copper-mining  industry  of  the  State.  The  second  report  deals  also  mainly 
with  the  metallurgy  of  copper,  but  there  is  a  short  note  on  the  milling  of 
barytes  at  Aldgate,  which  will  be  of  interest  to  those  contemplating  the 
development  of  this  mineral  in  New  Zealand. 

The  Active  Volcanoes  of  New  Zealand,  by  E.  S.  Moore.  Journal  of 

Geology,  vol.  25,  1917,  pp.  693-714 ;  two  maps  and  eleven  photographic 

illustrations. 

Professor  Moore  visited  New  Zealand  after  the  Australian  meeting  of  the 
British  Association  in  1914,  and  this  paper  is  a  result  of  his  visit. 

The  most  valuable  parts  of  the  paper  are  notes  of  original  observations 
on  Ruapehu,  Ngauruhoe,  and  Tongariro,  a  detailed  account  of  the  Tarawera 
area  with  an  account  of  the  eruption  of  1886,  and  a  section  on  the  petro¬ 
graphy  of  the  Tarawera  rocks.  The  occurrence  is  noted  of  peculiar  bombs 
with  a  core  of  rhyolite  and  an  enveloping  coat  of  andesite  or  basalt.  They 
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owe  their  origin  to  the  fact  that  fragments  of  rhyolite  were  engulfed  in  the 
more  basic  lava,  and  when  the  explosion  occurred  these  were  hurled  into  the 
atmosphere  with  a  rotary  motion,  so  that  the  viscous  molten  material  became 
well  wrapped  around  the  core  of  solid  rock."  The  author  differs  from 
Marshall  in  determining  enstatite  instead  of  hvpersthene  in  the  andesite  of 
the  bombs  from  Mount  Tarawera. 

A  general  account  is  given  of  the  distribution  of  the  volcanoes  of  the 
North  Island,  and  their  relation  to  structural  lines  is  discussed.  This  is 
followed  by  an  outline  of  the  geological  history,  with  special  reference  to 
orogenesis  and  volcanic  activity,  and  an  account  of  petrographic  provinces 
in  New  Zealand.  The  passages  dealing  with  orogeny  and  the  history  of 
igneous  action  in  New':  Zealand  are  incomplete,  and,  unfortunately,  also  to 
some  extent  misleading.  Here  fuller  use  might  have  been  made  of  the 
published  work  of  New  Zealand  geologists,  the  text-books  of  Park  and 
Marshall  being,  apparently,  alone  relied  on  as  sources  of  information.  The 
author  says,  k‘  The  folding  [post- Jurassic]  raised  the  mountain-ranges  from 
the  sea-bottom,  and  determined  the  major  structures  of  the  islands.  There 
have  been  numerous  oscillations  since  that  time,  but  these  have  not 
materially  altered  the  main  structural  features."  The  later  orogeny,  which 
would  seem  to  be  more  important  in  relation  to  modern  volcanic  action 
than  the  “  post- Jurassic  "  movements,  has  been  entirely  overlooked,  if  we 
except  an  original  observation  on  the  southern  extension  of  the  Thames 
fault-scarp.  The  later  limit  of  the  “  post- Jurassic  "  orogeny  is  stated  as 
the  Miocene  instead  of  the  late  Cretaceous.  Another  omission  from  this 
section  is  the  lack  of  any  reference  to  the  important  Cretaceous  igneous 
activity  in  the  north-east  part  of  the  South  Island. 

In  the  account  of  petrographic  provinces  the  author  had  again  neces¬ 
sarily  to  rely  on  published  statements  ;  but  he  appears  to  have  overlooked 
much  of  the  important  work  of  Marshall  on  the  distribution  of  igneous 
rocks  in  New  Zealand,  for  there  is  no  reference  either  to  Marshall’s  paper 
on  the  subject  in  the  Report  of  the  Australasian  Association  (1907)  or  to  the 
summary  of  his  views  given  in  his  account  of  New  Zealand  geology  in 
Steinmann’s  Hanclhuch  der  regionalen  Geolog  ie. 

The  author  found  no  evidence  of  glaciation  in  the  volcanic  zone  of 
•the  North  Island.  Stria tions  which  he  found  on  boulders  ejected  from 
Ngauruhoe  and  Tarawera  he'  ascribed  to  “  the  action  of  one  mass  of  rock 
falling  on  another  when  hurled  from  the  craters." 

Professor  Moore  is  to  be  congratulated  on  his  pluck  in  ascending  and 
making  original  observations  on  Ngauruhoe  and  Ruapehu  in  the  winter 
season.  C.  A.  C. 


CORRESPONDENCE. 

New  and  Rare  Fish. 

Sir, — Two  of  the  species  of  fish  mentioned  as  new  or  rare  by  Dr. 
Thomson  in  your  first  number  (January,  1918,  pp.  5-7)  have  long  been  in 
the  Wanganui  Museum-  viz.,  Cheilodactglus  hizonarius,  from  Kapiti  Island*, 
caught  about  twenty  years  ago,  and  Germo  germon,  caught  about  the  same 
time  near  the  Waikanae  River.  Unfortunately,  the  exact  dates  of  capture 
are  unknowm.  A.  G.  Drew. 
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The  Carter  Bequest. 

Sir,  These  words  will  not  convey  much  to  the  majority  of  the  people 
of  Wellington,  though  this  bequest  was  made  for  the  benefit  of  Wellington, 
having  for  its  object  the  erection  of  an  astronomical  observatory  in  or  near 
Wellington.  The  words  of  the  bequest  are  as  follows  :  “  As  to  the  residue 

and  remainder  (if  any)  of  the  said  net  proceeds  of  the  sale,  conversion,  and 
getting-in  of  my  estate  aforesaid,  my  trustee  shall  transfer  the  same  to  the 
Governors  for  the  time  being  of  the  New  Zealand  Institute  at  Wellington, 
to  form  a  nucleus  of  a  fund  for  the  erection  in  or  near  Wellington  aforesaid, 
and  the  endowment  of  a  professor  and  staff,  of  an  astronomic  observatory 
fitted  with  telescope  and  other  suitable  instruments  for  the  public  use  and 
benefit  of  the  colony,  and  in  the  hope  that  such  fund  may  be  augmented 
by  gifts  from  private  donors,  and  that  the  observatory  may  be  subsidized 
by  the  Colonial  Government ;  and  without  imposing  any  duty  or  obligation 
m  regard  thereto  I  would  indicate  my  wish  that  the  telescope  may  be 
obtained  from  the  factory  of  Sir  H.  Grubb,  in  Dublin." 

The  Governors  of  the  New  Zealand  Institute,  who  were  some  years  ago 
approached  to  have  something  done  with  the  fund,  considered  that  they 
were  unable  to  do  anything  on  account  of  its  smallness,  then  amounting  to 
some  £2,000,  and  did  not  take  any  steps  to  augment  “  the  nucleus  "  pro¬ 
vided  by  the  bequest.  It  was  thought  that  the  use  of  the  word  “  professor  " 
by  Mr.  Carter  meant  that  the  proposed  observatory  must  be  in  some 
way  connected  with  the  University;  and  at  one  time  it  was  thought 
that  use  might  be  made  of  the  Victoria  University  College,  one  of  whose 
professors  might  be  made  Professor  of  Astronomy.  But  nothing  has 
been  done,  and  the  fund  now  (at  31st  December,  1917)  amounts  to 
£4,138  5s.  lid.  This  sum  is  surely  enough  to  go  to  work  with.  Astro¬ 
nomers  in  other  parts  of  the  world  would  hail  with  pleasure  the  erection 
of  a  properly  equipped  observatory  here,  to  take  up  the  work  on  the 
southern  stars  and  to  form  another  link  in  the  chain  of  the  world’s 
stations  for  observing  the  sun.  helping  to  keep  the  luminary  under 
continuous  observation. 

In  1904  Sir  Howard  Grubb  quoted  the  cost  of  an  observatory  building 
equipped  with  certain  instruments,  such  as  provided  by  him  for  the  inter¬ 
national  survey  of  the  heavens,  as  follows  :  “A  dome  23  ft.  in  diameter 
to  cover  equatorial  stand  on  which  would  be  fixed  a  15  in.  visual  refractor 
and  a  photographic  doublet  10  in.  aperture  ;  the  cost  of  the  whole,  £2,600." 
This  gives  some  idea  of  the  cost  of  a  certain  equipment.  Such  equipment 
might,  of  course,  be  varied  to  suit  the  work  to  be  done  in  conjunction  with 
other  observatories. 

Surely  the  Carter  Bequest  should  now  be  brought  into  use,  and  if  the 
word  “  professor  ”  is  in  the  way  the  Supreme  Court  might  be  approached 
to  sanction  a  scheme  for  the  use  of  the  money  for  “  the  public  use  "  as 
required  by  the  testator. 

The  Government  has  appointed  a  Government  Astronomer,  and  surely 
might  be  asked  to  give  something  by  way  of  subsidy,  as  suggested  by 
Mr.  Carter;  and  the  public  might  be  asked  to  give  subscriptions  and 
donations  so  as  to  build  up  a  fund  to  provide  an  income  for  the  purpose  of 
the  upkeep  of  the  observatory. 

The  Astronomical  Section  of  the  Wellington  Philosophical  Society  has 
done  something  to  provide  for  the  public  in  the  matter  of  astronomy  by 
the  erection  of  a  small  observatory  at  Kelburn,  but  has  not  been  able  to 
do  much  owing  to  the  shortness  of  funds  ;  money  is  much  wanted  to 
complete  the  equipment,  and  their  small  5  in.  refractor  is  not  sufficient 
for  much  research  work.  C.  P.  Powles. 
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Acclimatization  of  Birds  in  New  Zealand. 

Sir, — The  subjects  dealt  with  in  the  papers  by  W.  E.  Collinge  and  H.  W. 
Simmonds  in  the  second  and  third  numbers  of  the  Journal  have  already 
been  touched  upon  in  several  interesting  papers  in  the  Transactions  of  the 
New  Zealand  Institute ,  as  the  following  list  shows  : — 

1873.  R.  W.  Fereday.  Injuries  to  Vegetation  .  .  .  and  Expediency  of  intro¬ 

ducing  Insectivorous  Birds.  Vol.  5,  pp.  289-94. 

I  878.  D.  C.  Wilson.  Disappearance  of  the  Small  Birds  of  New  Zealand.  Vol.  10, 
pp.  239-42. 

1891.  T.  W.  Kirk.  Note  on  the  Breeding  Habits  of  the  European  Sparrow  in  New 
Zealand.  Vol.  23,  pp.  108-10. 

1898.  A.  Bathgate.  Notes  on  Acclimatization  in  New  Zealand.  Vol.  30, 
pp  266-79. 

1904.  A.  Bathgate.  The  Sparrow  Blague  and  its  Remedy.  Vol.  36,  pp.  67-79. 

1903.  W.  T.  L.  Travers.  The  Bird  as  the  Labourer  of  Man.  Vol.  35,  pp.  1-11. 

1907.  J.  Drummond.  On  Introduced  Birds.  Vol.  39,  pp.  227-52.  (Reprinted 
by  N.Z.  Department  of  Agriculture  as  Bulletin  16,  “  Our  Feathered 
Immigrants,  1907.”) 

There  is  no  doubt  that  the  habits  of  the  birds  change  more  or  less  on 
their  introduction  into  another  country,  where  both  climatic  conditions  and 
food-supply  are  different  from  those  to  which  they  are  accustomed.  Accord¬ 
ing  to  Mr.  Collinge's  paper,  for  instance,  the  starling  is  in  England  classed 
among  the  injurious  birds — owing,  it  is  true,  to  its  numbers  and  the  sky¬ 
lark  among  the  beneficial.  In  New  Zealand,  apparently,  their  positions  are 
reversed  :  nothing  but  good  is  spoken  of  the  starling,  and  the  skylark  is 
classed,  though  not  unanimously,  as  next  to  the  sparrow  in  destructiveness. 

Though  suggested  much  earlier,  vigorous  action  in  acclimatizing  small 
birds  and  game  birds  began  about  1863  ;  and  already  bv  1872,  or  in  less 
than  nine  years,  the  as  vigorous  persecution  of  the  small  birds  as  a  pest 
had  begun.  The  greenfinch,  blackbird,  and  house-sparrow  seem  the  chief 
offenders,  especially  the  house-sparrow,  concerning  which  there  appears  to 
be  a  nearly  unanimously  adverse  opinion.  There  is  no  doubt  that  he  confers 
great  benefits,  if  he  makes  great  depredations  :  he  is  still  an  avid  insect 
feeder  during  great  part  of  the  year,  including  in  his  diet  the  large  noisy 
cicada.  He  also  has  a  habit  which,  whilst  it  may  appear  harmful,  may 
really  be  beneficial.  I  have  noted  particularly  that  when  the  flower-buds 
of  the  tree-lucerne  are  forming  he  is  very  busy  among  them,  evidently  in 
search  of  food.  It  may  possibly  be  the  flower-buds,  though  the  trees  do 
not  flower  the  less  ;  or  it  may  be  that  he,  like  the  gardener-persecuted  bull¬ 
finch,  is  simply  searching  for  buds  in  which  there  is  a  cankerous  grub  - 
and  these  already  useless  buds  he  destroys.  The  kaka  provides  an  analogous 
case.  He  was  at  one  time  accused  of  destroying  the  growing  bush  in  his 
search  for  grubs,  but  he  only  attacks  wood  into  which  his  instinct  tells  him 
the  grub  has  made  his  way. 

It  would  seem  that  there  are  already  enough  insectivorous  birds  in  New 
Zealand — renough,  that  is,  from  a  utilitarian  standpoint  or  why  the  neces¬ 
sity  for  destroying  so  many  of  those  we  already  have  ?  If  the  sparrow  were 
exterminated  and  his  place  taken  by  other  birds,  the  case  of  Hungary  might 
be  repeated,  where  the  sparrow  was  at  great  expense  destroyed  and  then  at 
great  expense  re-established.  Mr.  Simmonds  suggests  that  more  purely 
insectivorous  birds,  such  as  titmice,  might,  by  lessening  the  food-supply, 
lessen  the  numbers  of  the  more  objectionable  birds.  But  the  objectionable 
birds  are  the  most  vigorous  ones — that  was  one  of  their  great  recommenda¬ 
tions  originally — and  it  is  more  likely  that  before  the  number  of  house- 
sparrows  is  lessened  other  insectivorous  birds  native  to  New  Zealand  the 
fantail,  the  grey  warbler,  the  brown  creeper,  and  the  blight-bird — would  be 
reduced  or  quite  exterminated  ;  and  the  song  of  all  four  is  infinitely  superior 
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to  the  cry  of  any  titmouse.  Fereday  long  ago  suggested  the  acclimatization 
of  this  bird  ;  Bathgate  doubted  if  it  would  stand  the  sea  voyage — and  it 
apparently  would  not,  as  it  is  not  among  the  number  of  birds  of  which 
repeated  importations  have  been  made.  It  has  been  attempted  to  introduce 
the  nightingale,  white-throat,  robin,  twite — but  all  without  success. 

As  regards  setting  aside  an  island  upon  which  observations  might  be 
made  on  any  doubtful  bird  before  liberating  it  on  the  mainland,  what  con¬ 
veniently  situated  island  would  be  suitable  ?  It  would  be  of  no  use  observ¬ 
ing  the  birds  in  confinement ;  and  the  starling  has  shown,  by  its  establishing 
a  night  roost  on  Toko,  an  islet  near  Kapiti,  that  a  couple  of  miles  of  ocean 
forms  no  bar  to  a  bird. 

Doubtless  a  larger  number  of  species  of  British  birds  would,  as  was 
suggested,  help  readers  to  enter  more  sympathetically  into  the  moods 
and  thoughts  of  the  great  masters  of  English  literature — always  provided 
they  remember  that  the  seasons  are  reversed,  and  that  whereas  Britain 
is  in  large  part  bare  of  leaf  in  winter,  New  Zealand  is  largely  evergreen. 
Here  there  can  never  be  the  joyous  coming  of  the  birds  in  the  merry  month 
of  May  ;  such  as  we  have  never  leave  us,  excepting  the  little-known  cuckoo. 
Britain's  migrating  birds  refuse  to  accept  this  as  a  new  home,  and  amongst 
them  are  the  sweetest  singers-  -the  birds  of  the  poets — the  nightingale,  the 
blackcap,  the  white-throat.  The  immortal  skylark  we  always  have,  and  the 
joyous  thrush  sings  during  practically  nine  months  of  the  year,  being  silent 
only  during  the  moult.  But  if  ours  is  not  the  merry  month  of  May,  we  have 
no  drear-nighted  December  ;  for  in  that  month  the  trees  are  in  their  green 
felicity,  and  the  sun  cometh  as  a  bridegroom  from  his  chamber,  and  rejoiceth 
as  a  giant  to  run  his  course.  Johannes  C.  Andersen. 

Wellington,  31st  May,  1918. 


Clouds  over  Wireless  Station. 

Sir, — I  should  be  glad  if  any  of  your  readers  can  give  an  explanation  of 
a  curious  phenomenon  recently  observed  over  the  wireless  station  on  the 
Tinakori  Hills,  Wellington,  and  can  indicate  whether  anything  similar  has 
been  observed  at  any  other  wireless  station.  On  the  afternoon  of  the  17th 
May,  between  3.30  and  4  p.m.,  I  noticed  what  looked  like  a  faint  pencil  of 
light-grev  cloud  on  top  of  the  northern  mast.  On  the  19th,  about  the  same 
time  of  day,  the  same  phenomenon  occurred,  and  again  very  faintly  on  the 
20th.  My  point  of  view  was  from  Sydney  Street,  which  is  slightly  more 
than  900  ft.  below  the  station.  On  each  occasion  the  day  was  fine,  with  a 
few  light  clouds,  the  17th  and  19th  being  fairly  calm,  with  a  little  more  wind 
on  the  20th.  Although  the  station  has  been  in  operation  for  some  years, 
I  have  never  previously  witnessed  anything  of  the  kind. 

Wellington,  28th  May,  1918.  Marjorie  K.  Mestayer. 

[This  question  was  referred  to  Professor  H.  Clark,  Victoria  University 
College,  who  suggests  the  following  explanation  : — 

“  It  is  well  known  that  air,  in  rising  to  region  of  lower  pressure,  expands 
and  cools.  The  water- vapour  which  it  contains  may  become  saturated ;  in 
quite  clean  air  it  may  become  supersaturated.  A  great  electrical  stress 
ionizes  air,  and  the  ions  act  as  nuclei  for  condensation.  Thus  a  cloud 
would  form  about  the  high-tension  electrical  conductors  if  the  air  at  the 
summit  of  the  hill  were  slightly  supersaturated.’’ — Ed.] 
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Specimens  of  Coprosma  Dyes. 


I 

No.  1. — Coprosma  grandifolia  bark  on 
wool  mordanted  with  3  per 
cent,  potassium  bichromate : 

2  bark  to  1  wool. 

-  ''  1  • 

Y.  .. 

No.  2. — Coprosma  grandifolia  bark  on 
wool  mordanted  with  stan¬ 
nous  chloride  and  potassium 
bichromate :  4  bark  to 

1  wool. 

No.  3. — Coprosma  areolata  bark  (after 
sulphuric -acid  treatment)  on 
wool  mordanted  with  3  per 
cent,  potassium  bichromate : 

6  bark  to  1  wool. 

No.  4. — Copros?na  foetidissima  bark  on 
wool  mordanted  with  stan¬ 
nous  chloride  and  potassium 
bitartrate  (single  bath) : 

1  bark  to  1  wool. 

No.  5. — Coprosma  areoloia  bark  on  wool 
mordanted  with  stannous 
chloride  and  potassium 
bitartrate  (single  bath): 

4  bark  to  1  wool. 

No.  6. — Coprosma  lucida  bark  on  wool 
mordanted  with  3  per 
cent,  potassium  bichromate : 

1  bark  to  1  wool. 

* 

No.  7. — Coprosma  areolata  bark  on  wool 
mordanted  with  3  per  cent, 
potassium  bichromate. 

imu 
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EDITORIAL. 

Maori  Studies  and  Ethnology  in  Education,  rFI  ^ 


“  There  is  no  considerable  kind  of  human  activity  involving  a  wide 
range  and  diversity  of  material  which  is  not  a  fit  subject  for  university 
study.” — Professor  Sir  Walter  Raleigh 


Though  ethnological  studies  do  not  form  a  part  of  the  ordinary  arts  or 
science  courses  of  British  universities,  provision  is  made  for  them  in  the 
chief  universities  by  special  diplomas,  and  teaching  is  provided  by  pro¬ 
fessors  and  lecturers.  In  New  Zealand  there  is  as  yet  no  such  provision. 
Nevertheless,  studies  on  the  history,  the  technology,  and  the  traditions 
of  the  Maori  peoples  have  been  popular  in  New  Zealand  since  its  first 
colonization,  and  much  of  the  results  has  been  published  during  the  last 
fifty  years  by  the  New  Zealand  Institute,  and  still  more  during  the  last 
twenty-six  years  by  the  Polynesian  Society,  which  has  done  most  excellent 
work  in  this  field  in  spite  of  very  inadequate  public  support.  A  disquiet¬ 
ing  feature,  however,  is  that  those  at  present  engaged  in  such  research 
are  nearly  all  elderly  men,  and  that  a  new  generation  of  Maori  scholars 
is  apparently  not  springing  up.  Has  the  time  not  arrived,  then,  when 
the  University  should  step  into  the  breach  and  encourage  this  branch  of 
learning  by  recognizing  it  in  her  examinations  and  by  the  provision  of 
teachers  1 

Neglect  of  ethnological  studies  is  greatly  to  be  regretted  both  for 
individual  and  national  reasons— individually  because  a  knowledge  of  the 
main  results  of  ethnological  and  anthropological  research  is  a  necessity 
for  the  understanding  of  civilized  as  well  as  of  uncivilized  man.  The 
decay  of  custom  is  a  long  process,  requiring  many  centuries.  Thus  the 
habits  of  thought  of  Yorkshire  villagers  are  still  influenced  by  Scandinavian 
mythology.  There  is  no  section  of  the  community  more  in  need  of  such 
knowledge  than  ministers  of  religion,  but,  unfortunately,  it  does  not  yet 
form  an  essential  part  of  their  training. 

Nationally  such  studies  are  of  far-reaching  importance  because  of  the 
geographical  position  of  New  Zealand.  We  have  in  our  midst  a  race 
backward  in  civilization — the  Maori — and  still  bound  by  ancient  custom 
of  thought  in  spite  of  a  veneer  of  alien  culture.  The  proper  treatment  of 
the  many  problems  thus  involved  is  impossible  without  a  knowledge  of 
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ethnology,  and  of  the  Maori  people  themselves,  on  the  part  of  the  legislators 
and  electors.  The  probable  absorption  of  the  Maoris  in  the  people  of  the 
North  Island  will  produce  a  type  differing  from  that  in  the  South  Island, 
and  it  is  desirable  that  this  problem  should  be  properly  envisaged  by  our 
thinkers. 

Any  future  expansion  of  New  Zealand  in  the  Pacific  islands  will  bring 
further  problems,  for  all  of  which  ethnological  knowledge  will  be  necessary. 
Those  who  are  directly  concerned  in  the  administration  of  these  islands 
should  above  all  receive  such  a  training.  New  Zealand  must  play  a  part 
of  some  kind  during  the  next  five  hundred  years  in  the  solution  of  the 
colour  problem — the  relations  between  black,  yellow,  and  white  peoples. 
If  it  is  to  be  a  worthy  part  there  must  be  an  increase  of  ethnological  studies. 
This  does  not  mean  that  a  new  subject  should  be  introduced  into  the 
syllabus  of  the  primary  and  secondary  schools,  for  it  would  even  now  be 
possible  for  a  teacher  with  the  necessary  knowledge  to  introduce  very 
interesting  and  educative  lessons  on  ethnology  into  the  geography  course. 
But  a  prior  necessity  is  the  training  of  teachers  to  a  higher  standard,  and 
a  beginning  should  therefore  be  made  in  the  University.  Representations 
to  this  effect  have  recently  been  made  to  the  New  Zealand  University  and 
colleges  by  a  number  of  representative  British  ethnologists,  and  we  reproduce 
their  letters  elsewhere  in  this  number. 


ANTHROPOLOGY  AS  A  UNIVERSITY  SUBJECT. 

The  subjoined  letters,  which  are  self-explanatory,  have  been  forwarded 
by  Mr.  H.  D .  Skinner  to  the  Registrar  of  the  University  of  New  Zealand 
and  to  the  Chairmen  of  the  Professorial  Boards  of  the  four  Universitv 
colleges.  They  are  here  reprinted  for  general  information. 

(1.)  H.  D.  Skinner ,  B.A.  ( N.Z. ),  Christ's  College .  Cambridge  ;  27th  April, 

1918. 

As  a  student  of  anthropology  I  have  several  times  discussed  with 
Dr.  A.  C.  Haddon,  F.R.S.,  the  need  for  instruction  in  that  subject  by  the 
University  of  New  Zealand.  Dr.  Haddon  has  now  been  good  enough  to 
make  in  writing  the  suggestion  which  I  enclose.  On  bringing  the  proposal 
before  Sir  James  Frazer,  Dr.  Marett,  and  Dr.  Seligman,  they  also  have 
been  good  enough  to  support  it,  and  I  enclose  copies  of  their  letters. 

As  one  who  has  had  to  cross  the  seas  in  order  to  obtain  instruction  in 
anthropology,  may  I  express  the  hope  that  the  University  will  consider 
the  matter  favourably. 

(2.)  H.  D  Skinner .  B.A.  ( N.Z. ),  Christ's  College ,  Cambridge  ;  20th  July, 

1918. 

1  should  be  much  indebted  to  you  if  you  would  bring  to  the  notice  of 
the  Chancellor  and  members  of  the  Senate  the  following  points  which  have 
arisen  since  my  previous  letter  to  you  on  this  matter. 

At  a  meeting  on  the  18th  June  of  the  Council  of  the  Royal  Anthropo¬ 
logical  Institute,  of  which  I  have  the  honour  to  be-  a  member,  I  proposed 
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the  following  motion  :  “  That  this  Council  expresses  its  strong  approval 
of  the  movement  for  the  teaching  of  anthropology  by  the  University  of 
New  Zealand.”  The  motion,  which  was  seconded  by  Mr.  Sidney  Ray, 
was  received  with  enthusiasm,  and  carried  unanimously.  The  President, 
Sir  Hercules  Read,  Director  of  the  British  Museum,  pointed  out  that 
the  University  of  New  Zealand,  owing  to  its  geographical  position,  had 
an  unrivalled  opportunity  for  field-work  in  anthropology.  Sir  Everard  im 
Thurn,  well  known  as  an  Administrator  of  British  possessions  in  South 
America  and  in  the  western  Pacific,  spoke  strongly  on  the  need  of  training 
for  those  Civil  servants  and  administrators  whose  work  lies  among  the 
more  primitive  peoples  In  the  discussion  the  following  members  expressed 
strong  assent  :  Miss  M.  Murray,  Mr  Sidney  Ray,  Dr.  Alfred  Haddon, 
Dr.  Shrubsall,  and  the  proposer.  It  was  further  resolved  to  forward  the 
resolution  to  Section  H  of  the  British  Association,  which  has  doubtless 
already  communicated  with  you  on  the  subject. 

I  have  also  discussed  the  matter  with  Professor  Flinders  Petrie,  who 
emphasized  the  following  points:  (1)  The  need  to  train  native  field-workers; 
(2)  the  desirability  of  obtaining  the  services,  for  the  first  five  years  or  so 
after  the  establishment  of  a  Chair,  of  a  really  eminent  anthropologist  who 
could  train  field-workers  After  that  period,  in  Professor  Flinders  Petrie’s 
opinion,  the  eminence  of  the  teacher  would  not  matter  so  much 

(3.)  A.  C.  Haddon,  M.A.,  Sc.D.,  F.R.S. ,  Fellow  of  Christ's  College, 
Cambridge;  University  Reader  in  Ethnology  in  the  University  of 
Cambridge . 

May  I,  a  complete  stranger  to  you,  take  the  liberty  of  making  the 
following  suggestions  ?  I  feel  it  savours  somewhat  of  impertinence  on  my 
part  to  offer  advice  on  a  subject  upon  which  I  have  not  been  consulted, 
but  may  I  be  excused  if  my  zeal  outruns  my  discretion. 

It  is  well  known  that  your  University  has  won  recognition  in  England, 
and  is  acknowledged  to  be  catholic  and  thorough.  For  these  reasons  I 
venture  to  suggest  that  you  should  add  anthropology  to  your  curriculum. 

Anthropology  is  now  a  recognized  study  in  the  Universities  of  Oxford, 
Cambridge,  and  London ;  it  has  also  received  some  recognition  in  the 
University  of  Liverpool,  and  is,  I  believe,  about  to  be  undertaken  in 
the  University  of  Manchester.  It  is  to  be  expected  that  other  British 
universities  also  will  not  ignore  its  claim  as  an  academic  study. 

In  Britain  we  usually  employ  the  term  “  anthropology  ”  to  include  all 
the  branches  of  study  which  treat  of  man  from  zoological  and  cultural 
points  of  view.  Appended  is  a  copy  of  the  schedule  adopted  by  the 
Board  of  Anthropological  Studies  in  the  University  of  Cambridge,  which 
gives  a  good  general  idea  of  the  various  aspects  of  the  subject,  but  it  is 
by  no  means  exhaustive.  The  more  important  universities  of  the  United 
States  have  well-organized  anthropological  departments,  in  which  great 
prominence  is  given  to  investigations  in  the  field. 

It  is  evident  that  anthropology  (or  ethnology,  if  that  term  be  preferred) 
affords  a  very  wide  field  for  study  and  research.  At  the  same  time  it  is 
m  intimate  relation  with  other  studies,  as,  for  example,  human  anatomy, 
geography,  history,  sociology,  jurisprudence,  ethics,  and  religion.  Certain 
aspects  of  anthropology  could  usefully  be  combined  with  any  of  these 
subjects,  or  could  with  profit  be  studied  as  fourth-year  or  post-graduate 
courses  on  the  completion  of  any  one  of  them.  A  training  in  natural 
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science  is  a  very  good  preparation  for  the  study  of  anthropology  ;  indeed, 
it  is  highly  desirable  that  a  student  should  have  a  good  previous  know¬ 
ledge  of  natural  science  —  geology,  geography,  botany,  zoology,  human 
anatomy,  and  physiology  being  of  especial  value.  Most  of  the  dis¬ 
tinguished  anthropologists  of  the  present  day  have  had  their  training  in 
one  or  more  of  these  sciences.  Practically  any  branch  of  knowledge  is 
ancillary  to  anthropology. 

Another  advantage  of  this  study  is  that  it  combines  practical  work 
in  the  museum  and  in  the  field  with  study  in  the  library.  The  very 
voluminous  literature  of  exploration,  travel,  and  of  official  and  missionary 
records  has  to  be  ransacked,  and  a  critical  weighing  of  the  evidence  of  the 
recorded  data  has  to  be  made.  Disconnected  observations  have  to  be 
co-ordinated.  Not  merely  cultural  elements  but  culture-complexes  have 
to  be  isolated,  and  their  distribution  and  wanderings  tabulated.  A  con¬ 
siderable  knowledge  of  technical  processes  is  necessary  in  order  to  appre¬ 
ciate  the  data  of  material  cultures,  for  which  some  knowledge  of  botany 
and  zoology  is  also  highly  desirable.  A  knowledge  of  Recent  geology  is 
essential  for  archaeology.  Some  knowledge  of  linguistics  and  phonology 
is  necessary,  as  is  also  an  acquaintance  with  psychology.  Every  student 
should  have  sufficient  instruction  in  human  anatomv  in  order  to  under- 
stand  the  researches  of  the  physical  anthropologist,  and  to  enable  him  to 
make  observations  on  the  living  and  on  skulls  or  other  bones.  The  student 
should  always  be  impressed  with  the  fact  that  anthropology  is  a  living  and 
growing  science,  and  that  his  aim  should  be  to  make  new  observations 
and  original  investigations.  A  university  in  New  Zealand  is  in  a  peculiarly 
favourable  position  for  field  work  of  this  nature,  either  at  home  or  among 
the  islands  of  the  Pacific.  The  lack  of  any  teaching  on  the  subject  is  a 
reproach  to  the  universities  of  Australasia,  which  have  immediate  access 
to  an  unsurpassed  field  of  research. 

It  is  needless  to  point  out  how  important  a  study  of  anthropology  is 
for  those  who  have  to  administer  barbaric  or  savage  countries,  and  it  is 
of  especial  value  in  the  training  of  missionaries. 

The  nature  of  academic  recognition  naturally  depends  on  the  consti¬ 
tution  of  each  university,  and  in  a  matter  of  this  kind  I  can  only  venture 
to  indicate  what  appear  to  me  as  general  principles. 

At  first  a  new  subject  is  usually  associated  with  more  or  less  cognate 
subjects  which  have  attained  university  recognition.  Thus  anthropology 
might  conveniently  find  a  place  in  the  biological  group,  or  if  geography 
be  a  well-established  subject  it  might  very  well  be  grouped  with  it. 

Given  a  three-years  course,  I  think  it  would  be  advisable  for  the  first 
two  years  to  be  devoted  solely  to  science,  and  the  student  should  be 
recommended  to  take  geology,  botany,  and  zoology.  General  anthropology 
might  be  studied  in  the  third  year  only,  or  it  might  be  distributed  over  the 
second  and  third  years,  other  subjects  being  taken  concurrently. 

For  an  honours  examination  it  would  be  necessary  to  give  at  least 
another  year  to  the  study  of  anthropology,  and  for  this  a  dissertation  in 
addition  to  an  examination  should  be  required.  Further,  the  candidate 
should  be  required  to  specialize  in  one  department  in  addition  to  having 
a  working  knowledge  of  the  whole  subject. 

If  a  student  has  already  proved  that  he  possesses  a  really  good  general 
knowledge  of  the  subject  it  should  be  unnecessary  to  examine  him  for  the 
D.Sc.  in  anthropology,  but  for  this  degree  a  thesis  based  on  original  work 
should  be  obligatory. 
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The  following  schedules  for  the  diploma  in  anthropology  by  examination 

have  been  issued  by  the  Cambridge  Board  of  Anthropological  Studies  : — 

• 

General  Anthropology. — The  history  and  methods  of  anthropology ;  develop¬ 
ment  and  degeneration,  survival,  parallelism,  and  convergence ;  the  contact  and 
fusion  of  peoples ;  mental  development  and  human  culture ;  influence  of  environ¬ 
ment  ;  the  races  of  man  and  their  distribution,  present  and  past ;  the  chief 
families  of  languages,  their  relation  to  other  features  of  culture  and  to  race  ;  social 
structure  and  social  function ;  religion  and  magic  ;  relation  of  morality  to  custom 
and  religion ;  medicine  ;  arts  and  crafts  ;  aesthetic  aspect  of  human  culture  ;  games 
and  play. 

Physical  Anthropology. — Elementary  human  anatomy,  with  special  reference  to 
osteology  ;  a  general  knowledge  of  the  Primates,  and  more  especially  of  the  Simiidae, 
with  a  view  of  their  comparison  with  the  Hominidae  ;  the  employment  of  the  somatic 
characters  in  classifying  the  varieties  of  mankind ;  the  osteological  characters  of 
prehistoric  types  of  mankind ;  variations  and  deformations  ;  the  effects  of  the  environ¬ 
ment  on  man  ;  the  genetics  of  man  ;  the  senses  and  mental  characters  from  the  racial 
standpoint. 

Archaeology  and  Technology.  —  The  artifacts  of  the  palaeolithic,  neolithic, 
copper,  bronze,  and  early  iron  ages  of  Europe,  and  their  various  subdivisions,  together 
with  the  associated  animal  and  plant  remains  ;  a  general  knowledge  of  the  stone 
implements  of  other  parts  of  the  world  ;  prehistoric  art  ;  typology  and  sequence-dating. 
The  technological  processes  employed  by  the  peoples  of  lower  culture  and  their  distri¬ 
bution  ;  the  form,  decoration,  and  distribution  of  the  more  important  implements, 
weapons,  and  structures  of  savage  and  barbaric  peoples  ;  pictorial,  decorative,  plastic, 
literary,  and  musical  art. 

Social  Anthropology.  —  Social  organization  ;  marriage  and  kinship  ;  property 
and  rank,  descent,  inheritance,  and  succession  ;  age  grades ;  totemism ;  caste ;  secret 
societies ;  government  ;  trade  and  currency ;  slavery ;  customs  and  ceremonial  of 
birth,  childhood,  adolescence,  marriage,  and  death  ;  religion  and  magic  ;  animism  ; 
cult  of  the  dead  ;  animal  and  vegetable  cults  ;  gods  ;  mythology. 

(4.)  C.  G.  Seligman,  M.I),,  Professor  of  Ethnology  in  the  University  Oj 

London. 

Anthropology  has  an  educative  value  at  least  equal  to  that  of  the  other 
subjects  studied  in  a  university,  with  many  of  which  it  has  numerous 
points  of  contact  ;  thus  the  description  of  the  main  races  and  the  study 
of  their  geographical  distribution  have  zoological,  geographical,  historical, 
and  often  archaeological  bearing.  Physical  anthropology  is  connected  with 
human  anatomy  and  physiology  ;  cultural  anthropology  provides  the  key 
to  many  of  the  puzzles  in  aesthetics  and  religion.  This  is  but  the  barest 
summary  of  the  sciences  upon  which  anthropology  has  a  direct  bearing  ; 
as  a  matter  of  fact,  anthropology,  or  ethnology — whichever  it  be  called — 
has  now  been  recognized  by  the  principal  universities  in  this  country  and 
on  the  Continent. 

Anthropology  has  special  value  in  the  training  of  administrators  and 
missionaries.  There  is  abundant  evidence  that  the  efficient  administration 
of  an  alien  people  must  be  based  on  sympathy,  and  there  can  be  no 
sympathy  without  understanding  and  knowledge. 

New  Zealand  is  very  happily  situated.  Apart  from  her  own  natives 
she  has  surrounding  her  in  the  Pacific  a  number  of  islands,  whose  peoples 
are  perhaps  the  most  interesting  in  the  world,  yet  whose  culture  is 
vanishing  so  rapidly  that  even  now  in  many  places  our  chance  of  recover¬ 
ing  it  depends  solely  on  the  prolongation  of  the  life  of  a  few  old  men  who 
have  preserved  in  their  memories  the  details  of  rites  and  customs  that 
have  not  been  practised  for  years. 

It  cannot  be  said  that  in  the  past  either  New  Zealand  or  Australia 
have  risen  to  their  opportunities  or  even  to  their  responsibilities.  Short 
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as  is  the  time,  and  though  much  has  utterly  perished,  there  is  no  doubt 
that  much  can  be  saved  and  recorded.  It  should,  however,  be  realized 
that  though  we  may  know  that  certain  comparatively  untouched  localities 
may  give  the  largest,  the  most  interesting,  and  even  the  most  valu¬ 
able  results,  these  should  not  be  studied  before  other  places,  all  too 
numerous  in  the  Pacific,  where  so  short  a  period  as  ten  years  will  see 
not  only  a  change,  but  the  complete  extinction  of  the  knowledge  and 
traditions. 

(5.)  Sir  James  G.  Frazer ,  D.C.L.,  LL.D.,  Litt.D.,  Fellow  of  Trinity  College, 
Cambridge ;  Professor  of  Social  Anthropology  in  the  University  of 
Liverpool. 

In  my  opinion  it  is  very  desirable,  in  the  interest  both  of  education  and 
of  science,  that  the  University  of  New  Zealand  should  provide  teaching 
and  facilities  for  research  in  anthropology. 

As  an  -.educational  subject  anthropology  is  of  high  value.  Forming  a 
link  between  the  humane  studies  and  natural  science,  it  is  fitted  to  appeal 
to  men  of  very  varied  tastes  and  talents,  as  appears  from  the  observation 
that  the  ranks  of  professional  anthropologists  have  been  recruited  both 
from  the  humane  and  the  scientific  branches  of  learning.  It  opens  up 
wide  intellectual  vistas,  and  is  thus  eminently  fitted  to  interest  the  student 
and  to  stimulate  him  to  think  for  himself.  But,  apart  from  its  value  as 
a  subject  of  general  education,  it  is  of  special  importance  in  the  training 
of  all  whose  duties  bring  them  into  contact  with  native  races.  Without 
some  insight  into  the  habits,  institutions,  and  modes  of  thought  of 
uncivilized  peoples  it  is  almost  impossible  for  an  administrator  in  his 
dealings  with  them  to  avoid  falling  into  mistakes  which  may  have  serious 
and  even  disastrous  practical  consequences,  but  from  which  some  acquaint¬ 
ance  with  anthropology  might  have  saved  him.  Again,  a  missionary 
who  has  had  anthropological  training  gains  incalculably  in  influence  for 
good  with  his  native  flock  by  starting  from  a  basis  of  mutual  sympathy 
and  understanding,  instead  of  from  one  of  mutual  prejudice  and  ignorance, 
if  not  open  and  avowed  hostility.  For  it  is  to  be  remembered  that  many 
customs  observed  by  savages  are  not  only  innocent  but  beneficial,  being 
the  fruit  of  long  experience  and  adaptation  to  circumstances,  and  that  much 
harm  may  be  done  by  their  hasty  abolition  and  the  substitution  for  them 
of  others  which  may  be  far  less  suited  to  the  mental  condition  and  natural 
surroundings  of  the  people. 

But  besides  its  educational  value  anthropology  possesses  a  high  degree 
of  scientific  interest.  Indeed,  dealing  as  it  does  in  large  measure  with  races 
of  men  who  are  rapidly  disappearing  or  being  transformed  by  contact  with 
Europeans  or  people  of  European  descent,  it  stands  in  the  forefront  of 
those  sciences  which  have  an  immediate  and  imperative  claim  on  the 
attention  of  all  who  are  concerned  for  the  advancement  of  knowledge  ; 
for  every  year  makes  a  serious  inroad  on  those  records  of  the  human  past 
which  can  still  be  rescued  for  posterity  by  an  attentive  study  of  savage 
life.  Few  countries  are  better  situated  for  prosecuting  such  inquiries  than 
New  Zealand,  for  not  only  does  it  possess  in  the  Maoris  a  fine  specimen 
of  a  people  till  lately  in  a  state  of  savagery,  but  it  enjoys  ample,  if  not 
unique,  opportunities  for  investigating  the  still  purely  savage  tribes  of 
Melanesia,  which  offer  one  of  the  best  remaining  fields  for  the  study  of 
primitive  man. 
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On  these  grounds  I  am  of  opinion  that  the  University  of  New  Zealand 
should  with  all  speed  take  steps,  first,  for  the  appointment  of  teachers  in 
anthropology,  and,  second,  for  the  establishment  of  travelling  scholarships 
to  be  used  for  the  prosecution  of  anthropological  research  in  New  Zealand 
and  the  other  islands  of  the  Pacific. 

(6.)  R.  R.  Marett,  M.A.,  D.Sc.,  Fellow  of  Exeter  College,  Oxford  ;  Reader  of 
Social  Anthropology  in  the  University  of  Oxford. 

My  only  difficulty  is  to  restrain  myself  on  such  a  topic.  The  advantages  , 
are  so  obvious,  whereas  the  disadvantages  amount  to  no  more  than  a  little 
expense  and  the  effort  involved  in  all  pioneer  work — the  sort  of  effort 
that,  I  should  think,  appeals  to  New  Zealand  !  To  speak  shortly  of  the 
advantages  of  such  a  course,  these  may  be  classified  as  practical  and 
scientific.  Not  to  attempt  to  be  exhaustive,  there  are  at  least  three 
groups  of  practical  activities  which  an  education  in  anthropology  can 
assist,  namely — 

(1.)  Administration. — New  Zealand  has  had  considerable  experience  in 
the  handling  of  native  affairs,  and  has  stood  the  test  well.  After 
the  war  it  is  likely  to  have  more.  It  is  obvious  that  knowledge — 
knowledge  of  languages,  of  customs,  and  so  on — must  be  the 
basis  of  successful  government. 

(2.)  Missionary  work. — The  missionaries  of  the  Pacific  region  have  a 
fine  record.  What  we  know  of  the  anthropology  of  that  part  of 
the  world  is  mostly  due.  to  them.  But  the  present  generation, 
without  knowledge,  may  easily  fall  behind.  On  the  other  hand, 
with  the  fuller  opportunities  now  available  they  ought  to  improve 
on  the  old  standards. 

(3.)  Commerce. — In  Germany  the  trade  with  the  more  backward  peoples 
has  been  cleverly  directed  by  scientific  research,  largely  organized 
in  connection  with  ethnological  museums  in  which  native  arts 
and  crafts  are  scientifically  studied  and  illustrated.  The  British 
Empire  has  as  yet  hardly  waked  up  to  the  possibilities  of  applied 
anthropology  having  such  ends  in  view. 

So  much  for  the  practical  advantages.  The  purely  scientific  side  of 
such  work,  however,  is  no  less  important.  I  enclose  copies  of  my  presidential 
address  to  Section  H  of  the  British  Association,  which  deals  somewhat  fully 
with  this  side  of  the  subject,  while  it  likewise  makes  suggestions  as  to  the 
organization  of  a  School  of  Anthropology,  such  as  the  one  we  have  here  in 
Oxford.  Suffice  it  to  say  that  New  Zealand,  by  its  geographical  position, 
is  a  natural  centre  for  research  into  the  ethnology  of  the  Pacific  region. 
No  doubt  there  are  plenty  of  students  ready  to  engage  in  such  stimulating 
work — anthropology  is  an  ocean  in  which  every  one  can  hope  to  catch 
big  fish,  if  only  they  are  trained  to  observe  the  right  things  in  the  right 
way.  • 

The  great  increase  in  our  numbers  about  the  year  1913  was  due  to  the 
encouragement  given  by  the  Colonial  Office  to  the  training  of  officers  of  the 
Public  Service  in  anthropology.  Of  course,  with  the  outbreak  of  the  war 
such  officers  no  longer  came  to  Oxford,  and  our  numbers  dropped,  though 
even  during  war-time  the  subject  has  remained  alive  as  few  others  have 
done  here.  My  object  in  reporting  these  facts  is  to  show  how  quickly  and 
steadily  a  modern  subject  such  as  anthropology  can  come  to  its  own  in  a 
congenial  atmosphere. 
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University  of  Oxford. — Syllabus  of  the  Subjects  for  Examination. 


I. 


Physical  Anthropology. 


(1.) 


(2.) 


Zoological :  The  comparative  study  of  the  anatomical  and  other  physical, 
characters  which  determine  the  zoological  position  of  man,  with  special 
reference  to  the  group  Anthropomorpha. 

Palaeontological :  The  antiquity  of  man  as  ascertained  by  geological  and 
anatomical  evidence. 


(3.)  Ethnological  :  The  comparative  study  of  the  physical  characters  which  dis¬ 
tinguish  the  principal  races  of  mankind  from  each  other  ;  the  classifica¬ 
tion  and  geographical  distribution  of  races  and  sub-races  ;  the  influence 
of  environment  upon  physique  ;  the  elements  of  anthropometry ;  the 
physiology  of  sensation,  and  the  methods  of  the  comparative  study  of 
the  senses. 


II.  Cultural  Anthropology. 


(1.)  Archaeological  :  The  antiquity  of  man  as  ascertained  by  the  earliest  remains 
of  his  handiwork ;  the  chief  characteristics  of  the  prehistoric  periods, 
and  the  methods  employed  in  determining  their  sequence  and  duration  ; 
the  persistence  of  early  conditions  of  culture  in  later  times. 

(2.)  Ethnological  :  The  comparative  study  and  classification  of  peoples,  based 
upon  conditions  of  material  culture,  language,  and  religious  and  social 
institutions  and  ideas,  as  distinguished  from  physical  characters  (see  I,  3) ; 
the  influence  of  environment  upon  culture. 

(3.)  Sociological  :  The  comparative  study  of  social  phenomena,  with  special 
reference  to  the  earlier  history  of — (a)  Social  organization  (including 
marriage  customs),  government,  and  law  ;  ( b )  moral  ideas  and  codes  ; 
(c)  magical  and  religious  practices  and  beliefs  (including  treatment  of  the 
dead)  ;  ( d )  modes  of  communicating  ideas  by  signs,  articulate  language, 
pictographs,  and  writing. 

(4.)  Technological  :  The  comparative  study  of  the  origin,  development,  and  geo¬ 
graphical  distribution  of  the  principal  arts  and  industries,  with  their 
appliances. 

There  is  also  a  practical  examination. 


the  genus  coprosma  as  a  source  of  dyes.* 

By  B.  C.  Aston,  F.I.C.,  Chemist  to  the  Department  of  Agriculture. 

Plate  II. 

The  family  Rubiaceae  is  one  of  the  largest  and  best  defined  in  the  vegetable 
kingdom,  containing  upwards  of  350  genera,  comprising  some  4,000  species. 
Members  of  this  family  are  mainly  tropical  or  subtropical,  and  furnish  pro¬ 
ducts  which  have  become  indispensable  to  mankind.  Of  these  it  will  be 
sufficient  to  mention  quinine,  obtained  from  some  three  dozen  species  of 
cinchona  ;  ipecacuanha,  from  Cephaelis  Ipecacuanha  and  other  nearly  allied 
plants,  yielding  the  well-known  emetic  drug  ;  Coffoea  arabica,  from  which 
the  coffee  of  commerce  is  obtained  ;  and  Rubia  tinctorum,  furnishing  the 
madder-root,  one  of  the  oldest  dyes,  and  from  which  the  very  important 


*  A  preliminary  note  on  the  subject  appeared  in  this  Journal,  vol.  1,  No.  1,  p.  3, 
January,  1918,  and  some  notes  have  appeared  in  the  Journal  of  Agriculture  for  June, 
1918.  The  investigation  was  prompted  by  a  resolution  passed  by  the  Dominion 
Conference  of  the  Farmers’  Union,  1916. 
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dyestuff  alizarin  was  first  prepared.  New  Zealand  is  the  headquarters  of 
the  genus  Coprosma,  containing  some  sixty  species,  about  two-thirds  of 
which  are  endemic  to  New  Zealand,  where  they  everywhere  form  a  large 
proportion  of  the  shrubby  vegetation,  whether  in  littoral  scrub,  lowland 
forest,  or  subalpine  scrub. 

Of  the  thirty-nine  species  of  Coprosma  described  by  Cheeseman  in  the 
Manual  of  the  New  Zealand  Flora  (1906),  nineteen  occur  in  the  vicinity  of 
the  City  of  Wellington.  These  are  Coprosma  grandifolia  Hook,  f.,  C.  lucida 
Forst.,  C.  Baueri  EndL,  C.  robusta  Raoul,  C.  Cunninghamii  Hook,  f., 

C.  rotundifolia  A.  Cunn.,  C.  areolata  Cheesem.,  C.  tenuicaulis  Hook,  f., 

C.  rhamnoides  A.  Cunn.,  C.  parviflora  Hook,  f.,  C .  Buchanani  T.  Kirk, 

C.  crassifolia  Col.,  C.  acerosa  A.  Cunn.,  C .  propinqua  A.  Cunn.,  C.  Kirkii 

Cheesem.,  C.  linariifolia  Hook,  f.,  C.  foetidissima  Forst.,  C.  Colensoi  Hook,  f., 
C.  microcarpa  Hook.  f.  Of  these  only  some  half-dozen  of  the  more  abundant 
have  been  tested  for  dyeing-capacity.  These  are  C.  grandifolia,  C.  lucida, 
C.  Baueri,  C.  robusta,  C.  areolata,  and  C.  foetidissima.  Owing  to  the  small 
size  or  rarity  of  the  other  species  it  was  not  thought  desirable  to  include 
them  within  the  scope  of  the  present  experiments  beyond  examining  the 
colour  reactions  which  they  yield  on  treatment  with  alkalis.  Some  of 
these  last  would  no  doubt  yield  interesting  results,  notably  C.  linarii¬ 
folia  (the  mikimiki,  or  yellow-wood),  which,  although  rare  in  Wellington, 
is  commoner  in  the  South  Island,  where  it  attains  a  good  size  and  is 
remarkable  for  the  yellow  colour  of  the  wood.  Of  the  six  larger  and 
commoner  species  mentioned,  C.  grandifolia  and  C.  areolata  certainly  fall 
into  a  class  apart  in  giving  purplish  or  maroon  fast  dyes  on  chrome 
mordants  with  wool,  and  orange-scarlet  (tangarene)  to  dark-red  shades 
with  stannous  mordants  and  tartar  in  the  single-bath  method.  C.  grandi¬ 
folia  has  a  yellow  bark,*  the  depth  of  colour  varying  in  different  trees. 
From  this  species  the  dye  is  best  extracted  from  the  bark  by  comminuting 
it  in  a  mincing-machine,  digesting  in  water  with  gentle  heat,  and  washing 
three  times  with  warm  water,  which  is  strained  off  by  means  of  a  filter 
frame  covered  with  cheesecloth,  the  wash  water  being  discarded,  finally 
extracting  the  pulp  with  very  dilute  caustic-soda  solution  (0*05  per  cent. 
NaOH)  with  the  aid  of  gentle  heat.  Three  extractions  are  usually  sufficient, 
and  a  pound  of  bark  will  dye  a  pound  of  wool.  The  solution  generally 
becomes  acid  on  standing,  but  if  alkaline  should  always  be  made  acid  with 
acetic  acid  before  using  in  the  dye-bath.  Attempts  to  use  the  wash  water 
instead  of  the  alkaline  extract  as  a  dye-beck,  although  resulting  in  darker 
colours  with  alumina  mordants,  have  not  proved  satisfactory.  The  wood 
of  Coprosma  grandifolia  is  often  yellow,  especially  the  root  wood  of  the 
older  trees  in  winter,  and  yields,  by  a  method  similar  to  that  employed 
with  the  bark,  a  light-brown  fast  dye  on  chrome  mordants.  Five  pounds 
of  finely  divided  yellow  wood  will  dye  a  pound  of  wool  a  good  light  brown, 
but  with  larger  quantities  of  wood  very  dark  reddish-browns  are  obtained. 
The  wood  in  the  dry  state  retains  its  dyeing-power  for  several  months,  as 
recent  experiments  with  wood  gathered  in  November  last  proved.  The 
wood  is  best  reduced  by  passing  fresh  chips  reduced  by  a  chopper  through 
an  Enterprise  fowl-grit  machine,  from  which  it  is  discharged  as  a  coarse 
sawdust. 


*  The  term  “  bark  ”  is  used  in  this  paper  in  a  general  sense  to  denote  the  cortical 
and  adjoining  tissue  which  is  easily  removable  in  sheets  from  the  tree,  and  the  colour 
and  colour  reactions  refer  to  the  inner  surface  of  such  sheet. 
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To  extract  the  dye  from  Coprosma  areolata  a  totally  different  procedure 
is  necessary,  for  contact  of  the  bark  with  alkalis  or  iron  or  mineral  acids 
changes  the  nature  of  the  colour -producing  bodies,  so  that  instead  of  getting 
results  similar  to  those  yielded  by  C.  grandifolia  only  brown  colours  are 
given  to  chrome  mordants  instead  of  maroon.  It  is  therefore  necessary 
to  boil  the  pieces  of  bark  with  water  several  times,  when  the  dye  passes 
into  the  solution,  which  is  now  used  in  the  dye-bath.  C.  areolata  bark 
must  not  be  reduced  in  the  mincing-machine  or  it  would  thereby  come 
into  contact  with  the  perforated  iron  plate  and  become  contaminated 
with  iron,  which  is  inimical  to  the  best  results.  Another  peculiarity 
of  this  species  is  that  by  boiling  the  solution  of  the  bark  with  dilute 
sulphuric  acid  a  dark-green  colour  and  precipitate  is  produced,  which 
on  nearly  neutralizing  the  liquor  with  soda  gives  a  purplish  black  on 
wool,  fast  to  soap  and  light  (see  specimen  No.  3).  The  water  extract 
of  this  species  may  be  used  as  a  substantive  dye  (i.e.,  without  any 
mordant)  on  wool,  which  it  dyes  an  olive-bronze  colour  fast  to  light, 
although  as  an  adjective  dye  with  the  mordants  mentioned  it  gives 
better  colours. 

Two  very  common  species  in  Wellington,  C.  Baueri  (the  taupata)  and 
C.  robusta,  have  given  quite  negative  results  in  dyeing  tests.  Coprosma 
lucida,  which  also  has  bark  and  wood  of  a  yellow  colour,  gives  good  reddish- 
brown  colours,  which  are  fast  to  light  and  soap,  to  chrome  and  alumina 
mordants.  Coprosma  foetidissima  (the  hupiro  of  the  Maori  and  the  “  stink- 
wood  ”  of  the  settler),  which  has  a  light-green  bark,  has  proved  a  dis¬ 
appointment,  for  although  giving  excellent  brown  and  yellow  colours  to 
chrome  and  stannous  mordants*  respectively,  and  fast  to  soap,  they  are  not 
fast  to  light.  This  is  more  to  be  regretted  as  the  plant  has  strong  tinc¬ 
torial  properties  and  is  very  abundant  in  some  districts.  The  difficulty  of 
working  with  a  plant  having  such  a  powerful  and  repulsive  odour  is  greater 
than  most  people  would  imagine.  The  best  specimens  of  bark  are  obtained 
from  old  trees  in  the  higher  forest,  at  from  1,500  ft.  to  2,500  ft.  Unfortu¬ 
nately,  to  get  to  these  habitats  tram,  train,  or  boat  must  be  availed  of,  and 
often  the  situation  of  the  bark-collector  with  the  other  passengers  and  the 
conductor  becomes  one  of  some  embarrassment.  The  name  of  the  genus  is 
certainly  fully  earned  by  this  one  disgusting  species.  The  smell  is,  how¬ 
ever,  easily  washed  out  of  the  dye  fabric.  The  Maori  priests  are  said 
(Treasury  of  Botany )  to  have  practised  certain  rites  in  order  to  discover  the 
will  of  the  gods  by  means  of  hupiro-leaves.  A  stronger  instrument  could 
hardly  be  imagined,  albeit,  one  would  think,  more  suitable  to  conjure  devils 
than  gods. 

About  a  dozen  of  the  commonest  or  most  accessible  species  growing  in 
the  vicinity  of  Wellington  have  been  subjected  to  preliminary  examination 
with  regard  to  the  colour  of  the  cortical  layers  (bark),  the  reaction  which 
they  give  when  treated  with  a  10-per-cent,  caustic-soda  solution,  and  in  a 
few  cases  the  capacity  of  aqueous  acid  and  alkaline  extracts  for  dyeing- 
mordants  on  wool.  From  these  experiments  it  appears  probable  that  the 
colour  of  the  cortex  and  its  reaction  to  alkalis  may  prove  of  distinct  value 
to  botanists  in  differentiating  species  of  the  genus,  which,  according  to 
Cheeseman  (Trans.  N.Z.  Inst.,  vol.  19,  p.  218,  1886),  is,  next  to  Veronica, 
the  most  puzzling  in  the  New  Zealand  flora. 


*  Molybdenum  used  as  a  mordant,  however,  shows  signs  of  giving  faster  colours 
with  this  species. 
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* 

The  author  has  been  struck  with  the  individuality  of  closely  allied 
species  in  the  matter  of  these  colour  reactions.  For  instance,  Coprosma 
areolata  and  C .  tenuicaulis  are  very  similar  in  external  characters,  and  are 
considered  by  Cheeseman  to  be  closely  allied.  But  the  former  has  a  cortex 
of  a  dark-brown  colour  which  gives  with  alkalis  a  violet  reaction,  whereas 
C.  tenuicaulis  has  a  yellow  cortex  and  gives  a  red  colour  with  alkalis. 

(To  be  continued.) 


EXPLANATION  OF  SPECIMENS  OF  DYED  WOOL  (PLATE  II). 

(c.c.  =  cubic  centimetre.) 

No.  1.  Coprosma  grandifolia  bark. — The  wool  was  mordanted  by  boiling  for  one 
hour  with  potassic  -  bichromate  solution  in  water  of  such  strength  that  for  every 
100  parts  of  wool  there  were  3  parts  of  K2Cr207.  The  wool  was  then  taken  from  the 
mordanting-bath,  well  rinsed  in  cold  water,  and  entered  in  the  cold  dye-beck  consisting 
of  the  alkaline  extract  of  1  lb.  of  Coprosma  grandifolia  bark  (which  had  been  previously 
extracted  by  warm  water  three  times)  in  2,300  c.c.  of  solution  (K189)  made  slightly 
acid,  the  bath  being  of  such  strength  that  2  parts  of  bark  were  added  to  1  part  wool. 
The  wool  was  placed  in  the  cold  beck  and  the  temperature  of  the  whole  gradually 
raised,  taking  about  one  hour  to  reach  the  boiling-point,  and  then  boiled  for  one  hour. 
The  wool  was  then  taken  out  and  thoroughly  rinsed  in  cold  water. 

No.  2.  Coprosma  grandifolia  bark.  —  Single-bath  process.  A  fresh  portion  of  the 
same  standard  solution  (K189)  used  in  dyeing  No.  1  specimen  was  used  on  this  wool, 
the  mordanting  and  dyeing  being  performed  in  one  bath  as  follows  :  The  mordant  is 
first  prepared  by  measuring  off  1  c.c.  of  a  solution  of  stannous  chloride  (made  by 
dissolving  100  grams  stannous  chloride  in  100  c.c.  pure  concentrated  hydrochloric  acid 
and  50  c.c.  water)  for  every  10  grams  of  wool,  diluting  with  water,  and  adding  sodium- 
hydrate  solution  drop  by  drop,  with  constant  stirring  until  a  very  slight  opalescence 
becomes  permanently  visible.  100  c.c.  of  0-5  per  cent,  potassic  bitartrate  were  then 
added  for  every  10  grams  wool,  which  causes  a  turbidity  ;  the  whole  was  then  diluted 
with  enough  water  to  cover  the  wool,  which  was  entered  and  the  whole  boiled  for  half 
an  hour.  The  wool  was  then  taken  out,  and  the  proportion  of  dye  solution,  which 
must  be  only  very  slightly  acid,  was  added  in  proportion  of  4  bark  to  1  wool,  and  the 
mordant  and  dye  solution  were  boiled  for  ten  minutes.  The  wool  was  now  re-entered 
and  boiled  for  half  an  hour,  at  the  end  of  which  time  it  was  rinsed  thoroughly  in  cold 
water.  The  success  of  this  method  depends  largely  on  obtaining  the  right  conditions, 
careful  neutralization  of  the  dye-beck  being  one  of  them. 

No.  3.  The  root  and  trunk  bark  of  Coprosma  areolata  in  small  sheets  as  taken 
from  the  tree  were  repeatedly  boiled  with  water,  and  the  solutions  filtered  hot  through 
cheesecloth  and  the  extracts  mixed  and  measured.  A  portion  of  the  solution  equal 
to  6  parts  of  bark  for  every  part  of  wool  to  be  dyed  was  measured  off,  and  for  every 
4  litres  of  solution  75  c.c.  of  strong  sulphuric  acid  were  cautiously  mixed  in  with  the 
dye,  and  the  solution,  which  is  at  -  first  brown,  was  boiled  for  about  fifteen  minutes,  or 
until  the  whole  turns  a  clark-green  colour  with  formation  of  a  dark-green  precipitate. 
The  liquid  is  now  cooled,  and  nearly  neutralized  by  adding  caustic-soda  solution.  The 
solution  should  not  be  allowed  to  become  violet-coloured  either  before  or  after  boiling. 
If  it  does,  too  much  soda  has  been  added.  The  wool  mordanted  with  bichromate  of 
potash  as  in  specimen  No.  1  is  now  entered,  and  boiled  for  one  hour,  when  it  should  be 
almost  a  black  colour.  It  is  now  thoroughly  rinsed  in  cold  water. 

No.  4.  Coprosma  foetidissima  bark. — Extracted  by  dilute  alkali  in  the  same  way 
as  No.  1,  only  using  a  portion  of  the  dye  liquid  equivalent  to  1  of  bark  to  every  1  of 
wool.  The  single-bath  method  was  then  used  as  described  in  No.  2. 

No.  5.  Coprosma  areolata  bark. — Extracted  as  in  No.  3;  treated  exactly  as 
described  in  No.  2  single-bath  method. 

No.  6.  Coprosma  lucida  bark. — Extracted  exactly  as  in  No.  1.  Used  in  the 
proportion  of  1  bark  to  1  wool. 

No.  7.  Coprosma  areolata  bark. — Extracted  exactly  as  in  No.  1.  Used  in  propor¬ 
tion  of  1  bark  to  1  wool. 
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EDIBLE  FISHES  OF  WELLINGTON. 

By  W.  J.  Phillipps,  Dominion  Museum. 

Introduction. 

In  1877,  1878,  and  1879  P.  Thomson*  published  three  consecutive  papers 
giving  the  results  of  his  daily  observations  on  the  Dunedin  fish-supply.  On 
the  advice  of  Dr.  J.  A.  Thomson  I  have  kept  a  similar  record  of  the  fish 
exposed  for  sale  in  Wellington  during  1917-18,  on  which  this  paper  is 
mainly  based.  The  results  need  a  closer  analysis  than  those  of  Thomson, 
as  the  Wellington  fish-supply  is  only  partially  ’ocal,  being  drawn  in  con¬ 
siderable  part  from  Napier,  the  Chatham  Islands,  and  the  northern  coasts 
of  the  South  Island. 

Records  of  this  kind  are  easily  made,  and  have  a  distinct  utility,  which 
would  be  enormously  increased  if  similar  records  were  kept  concurrently 
in  all  the  fishing  centres  of  the  Dominion.  We  might  then  hope  to  add 
greatly  to  our  limited  knowledge  of  the  migrations,  spawning  seasons, 
■  and  habits  of  our  chief  food  fishes. 

I  wish  to  express  my  indebtedness  to  the  officers  of  the  Hawke's  Bay 
Fisheries  Company  and  the  New  Zealand  Trawling  and  Fish-supply  Com¬ 
pany,  through  whose  never-failing  courtesy  I  have  at  times  been  permitted 
to  obtain  much  valuable  information.  1  wish  also  to  thank  Mr.  W.  Mearns, 
who  has  in  a  most  accurate  manner  kept  daily  records  over  a  lengthened 
period  when  absence  from  the  city  or  illness  prevented  my  doing  so. 


Groper,  or  Hapuku.  Polyprion  oxygeneios  (Bloch  and  Schneider). 

This  species  is  abundant  in  Wellington  during  the  winter  months, 
especially  in  the  spawning  season,  during  July  and  August.  Hector| 
mentions  that  during  the  winter  months  the  hapuku  is  seldom  caught. 
ThomsonJ  bears  out  Hector’s  assertion.  However,  from  close  observation 
I  have  found  that  at  present  the  contrary  is  the  case,  only  small  numbers 
of  hapuku  being  in  the  market  during  the  summer.  During  a  several 
days’  cruise  on  the  “  Nora  Niven  ”  in  Hawke  Bay  during  December  I 
noticed  only  three  examples  of  this  fish  brought  up  in  the  trawl.  One  of 
the  largest  hapuku  on  record  was  caught  recently  off  Cape  Brett,  and 
weighed  130  lb.  Specimens  weighing  over  100  lb.  are  at  times  to  be  seen 
in  Wellington. 

In  pre-European  times  there  were  several  famous  hapuku-fishing  rocks 
outside  the  Heads.  These  were  always  resorted  to  by  the  Maoris,  and 
hence  were  given  proper  names.  Latterly,  however,  the  inshore  stock  of 
hapuku  has  disappeared,  and  the  pakeha  fisherman  has  to  resort  to  deeper 
water.  This  is  perhaps  due  to  the  hapuku  becoming  wary  on  account  of 
the  traffic  near  the  shore,  or  to  the  constant  thinning-out  of  its  numbers. 
There  is  a  general  idea  prevalent  among  fishermen  that  the  quantities  of 
this  species  around  our  coasts  are  being  rapidly  depleted. 


*  P.  Thomson,  Fish  and  their  Seasons,  Trans.  N.Z.  Inst.,  vol.  9,  pp.  484-90,  1877  ; 
The  Dunedin  Fish-supply,  ibid.,  vol.  10,  pp.  324-30,  1878;  Our  Fish-supply,  ibid., 
vol.  11,  pp.  380-86,  1879! 

f  J.  Hector,  Notes  on  the  Edible  Fishes  of  New  Zealand,  p.  102,  1872. 

X  P.  Thomson,  loc.  cit.,  p.  326,  1878. 
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Bass.  Polyprion  americanus  (Bloch  and  Schneider). 

Until  recently  described  by  Waite,  this  species  was  considered  to  be 
an  older  hapuku.  Numbers  come  into  the  city  for  several  days  on  each 
month  from  midsummer  to  autumn,  when  the  supply  commences  to 
increase.  Towards  the  end  of  winter  a  marked  falling -off  in  numbers 
is  noticed,  and  the  supply  ceases  altogether  during  the  spring  and  early 
summer  months. 


Snapper.  Pagrosomus  auratus  (Forster). 

Though  essentially  a  North  Island  fish,  the  snapper  is  an  occasional 
visitor  to  the  coastal  towns  of  the  South  Island.  I  have  recorded  it  as 
being  abundant  in  Wellington  during  October,  November,  and  December. 
Sandager*  gives  the  spawning  season  during  November  and  December. 
This  is  probably  correct,  as  I  have  noticed  numbers  with  fully  developed 
ova  brought  up  with  the  trawl  early  in  December. 

Boughleyt  in  his  recent  work  has  called  the  snapper  the  national  fish 
of  Australia,  and  in  many  ways  it  amply  justifies  its  title.  In  his  use 
of  this  elegant  species  in  design  Roughley  has  shown  the  possibility  of 
fishes  being  adopted  by  our  art  instructors  to  give  a  grace  and  charm 
to  decorative  art,  which  so  far  as  New  Zealand  is  concerned  is  as  yet 
practically  undeveloped. 

Hake,  or  Southern  Iyingfish.  Rexea  furcifera  (Waite). 

Although  undescribed  until  recently,  this  is  one  of  the  chief  food  fishes 
of  New  Zealand.  In  the  spring  numbers  of  immature  specimens  are 
received  in  Wellington  by  rail  from  Napier.  Towards  the  end  of  September 
mature  individuals  arrive  in  abundance,  and  continue  to  come  in  large 
quantities  until  the  end  of  January,  when  the  supply  commences  to  diminish. 
Small  quantities  continue  to  come  in  during  each  month  of  the  year. 

The  hake  is  extremely  voracious,  and  readily- devours  any  smaller  fishes 
which  come  its  way.  On  one  occasion  I  noticed  an  example  brought  up 
in  the  trawl  which  had  its  stomach  enormously  distended  to  accommodate 
a  kahawai — Arripis  trutta  (Forster) — which  it  had  swallowed  in  two  pieces, 
and  which  in  life  had  been  nearly  as  long  as  the  hake  itself. 

Ling.  Genypterus  blacodes  (Bloch  and  Schneider). 

This  species  appears  for  sale  on  several  days  during  each  of  the  summer 
months,  but  comes  into  the  city  in  larger  numbers  during  May,  June,  and 

July. 

On  the  14th  February  of  this  year  I  received  a  message  from  the 
Hawke’s  Bay  Fisheries  Company  to  inform  me  that  no  fish  had  been  caught 
that  morning  by  the  launches  which  went  out  from  Island  Bay  at  day¬ 
break,  but  numbers  of  ling  and  whiting  were  found  floating  on  the  surface 
in  a  dead  or  dying  condition.  Some  of  these  had  been  collected  and 
brought  into  the  city.  During  the  day  I  was  enabled  to  examine  these 
fish,  and  all  were  of  a  large  size  and  in  perfectly  good  condition. 


*  F.  S.  Sandager,  List  of  Fishes  found  round  Mokohinou  Islands,  their  Spawning- 
times,  and  Observations  regarding  some  of  the  Species,  Trans.  N.Z.  Inst.,  vol.  20, 
pp.  127-33  (ref.  to  p.  127),  1888. 

t  Tr  C.  Roughley,  Fishes  of  Australia  and  their  Technology,  Technological  Museum, 
Sydney  :  Technical  Education  Series ,  No.  21,  pp.  1-296,  with  67  plates,  1916. 
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Waite*  remarks  on  the  extreme  buoyancy  of  the  ling,  stating  that  when 
the  air-bladder  and  tissues  are  distended  it  resembles  an  elongated  barrel. 
It  is  interesting  to  note  that  the  above  date  was  the  last  day  of  the  spring 
tides.  In  this  connection  Dr.  J.  A.  Thomson  has  suggested  that  in  Cook 
Strait  during  certain  tidal  upheavals  a  strong  current  sweeps  from  the 
sea-floor  at  a  depth  of  200  fathoms  to  the  surface,  bringing  with  it  large 
numbers  of  fish  which  naturally  live  in  those  depths.  The  ling  and 
whiting  seem  unable  to  adjust  themselves  to  meet  the  new  conditions 
of  pressure  met  with  near  the  surface,  and  probably  find  sudden  descent 
impossible  on  account  of  their  buoyancy.  In  this  instance,  as  the  fish  had 
been  already  cleaned,  I  was  unable  to  examine  the  swim-bladders,  which 
would  probably  have  been  burst  by  the  upheaval.  Various  reports  which 
I  have  received  state  that  the  disturbance  takes  place  in  Cook  Strait  every 
few  years,!  anc^  I  have  ascertained  that  no  fish  other  than  the  aforesaid 
seem  to  be  much  affected.  The  popular  idea  that  submarine  volcanic 
eruptions  are  the  cause  of  the  death  of  these  fish  is  discredited  by  all 
geologists. 

Whiting.  Merluccius  gciyi  (Guichenot). 

I  have  mentioned  this  species  above  with  the  ling  as  being  cast  up  in 
Cook  Strait.  All  examples  which  I  had  the  opportunity  of  examining  on 
that  occasion  measured  a  little  over  4  ft.  Waite!  mentioned  that  examples 
over  3  ft.  in  length  had  been  reported  to  him,  the  largest  he  had  measured 
totalling  2  ft.  9  in.  Small  specimens,  12  in.  or  so,  were  common,  and  sold 
under  the  name  of  “  whiting.” 

This  fish  is  popularly  known  as  “  English  hake:”  It  is  not,  however, 
identical  with  the  hake  of  England,  although  it  is  a  closely  allied  species. 
Apart  from  a  number  of  small  examples  to  be  seen  during  the  spring,  it  is 
rarely  exposed  for  sale  in  this  city. 

Warehou.  Seriolellci  brama  (Gunther). 

The  season  in  which  this  species  is  abundant  in  Wellington  extends 
from  the  beginning  of  July  to  the  middle  of  November.  Very  few  speci¬ 
mens  are  seen  during  the  remaining  summer  and  winter  months. 

Blue  Cod.  P draper cis  colias  (Forster). 

A  large  proportion  of  the  blue  cod  whicli  arrives  in  this  city  conies  from 
the  Chatham  Islands  ;  but  the  supply  is  seldom  equal  to  the  demand. 
During  the  summer  months  this  species  is  here  considered  a  rarity,  though 
it  is  much  commoner  in  the  South  Island.  Large  numbers  of  blue  cod  are 
continually  arriving  during  the  winter  months,  the  supply  increasing  during 
the  spawning  season,  July  and  August. 

Moki.  Latridopsis  ciliaris  (Forster). 

The  moki  is  one  of  the  fishes  which  appear  in  the  city  practically  all 
the  year  round.  It  is  most  common  during  August,  September,  and  October. 


*  E.  Waite,  Scientific  Results  of  New  Zealand  Government  Trawling  Expedition, 
1907,  Rec.  Gant.  Mus.,  vol.  1,  No.  2,  pp.  41-64,  pis.  i-vi,  and  chart  (ref.  to  p.  54),  1909. 

f  Since  the  above  was  written  another  such  disturbance  has  taken  place,  on  the 
11th  August,  during  spring  tides,  making  the  second  for  this  year. 

$  E.  Waite,  Scientific  Results  of  New  Zealand  Government  Trawling  Expedition, 
1907,  Rec.  Cant.  Mus.,  vol.  1,  No.  3,  pp.  157-272,  pis.  xxiv-lvii  and  figs.  1-3  (ref.  to 
p.  183),  1911. 
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Butterfish.  Coridodax  pullus  (Forster), 

During  the  later  part  of  the  winter  and  in  the  spring  months  large 
quantities  of  this  species  may  be  seen  exposed  for  sale.  Towards  the  end 
of  September  the  supply  ceases  and  during  the  summer  butterfish  seldom 
makes  its  appearance.  In  regard  to  the  spawning  season  of  this  species, 
reports  which  I  have  received  indicate  that  the  butterfish  spawns  twice 
a  year,  in  February  and  in  August. 

Tarakihi.  Dactylosparus  macroplerus  (Forster). 

In  the  winter,  spring  and  early  summer  months  an  abundance  of 
tarakihi  is  constantly  seen  exposed  for  sale.  During  December  and  January 
a  distinct  decrease  in  the  supply  is  noticeable.  Only  small  numbers  arrive 
during  the  remaining  summer  and  autumn  months.  A  large  part  of  the 
supply  of  tarakihi  which  arrives  here  is  trawled  in  the  vicinity  of  Napier 
and  Gisborne. 

Bed  Cod.  Physiculus  backus  (Forster). 

This  is  one  of  the  commonest  food ‘fishes  around  our  southern  coasts, 
and  partly  on  this  account,  and  partly  because  it  is  generally  regarded 
as  a  scavenger,  does  not  command  a  ready  market  in  any  of  the  coastal 
towns.  At  times  practically  all  the  red  cod  secured  are  immature  examples, 
and  occasionally  enormous  shoals  of  these  are  to  be  seen  in  the  Otago 
Harbour. 

Small  numbers  appear  in  this  city  on  several  days  during  each  of  the 
summer  months.  The  adult  fish,  which  lives  in  the  deeper  water,  is  rarely 
obtained,  and  little  is  known  of  its  spawning-habits. 

Trevally.  Caranx  platessa  Cuvier  and  Valenciennes. 

Small  quantities  of  trevally  appear  for  sale  on  several  days  during  each 
of  the  summer  months.  On  account  of  the  dark  nature  of  its  flesh  when 
oooked  it  is  not  much  in  demand,  and  is  generally  regarded  as  being  a 
poor  fish.  It  spawns  during  January  and  February. 

John  Dory.  Zeus  faber  Linnaeus. 

Specimens  of  this  fish  appear  in  small  quantities  from  August  to 
January.  Spawning  usually  takes  place  during  the  month  of  December. 
The  john  dory  is  much  commoner  in  Auckland,  where  large  quantities 
are  taken  by  the  trawlers. 

Kahawai.  Arripis  trutta  (Forster). 

Small  quantities  of  kahawai  may  be  seen  exposed  for  sale  during  the 
summer  months.  Though  not  generally  as  highly  esteemed  as  many  of 
our  chief  food  fishes,  this  species  affords  a  great  deal  of  sport  to  the  anglers 
around  our  coasts.  It  spawns  during  the  autumn  months,  and  is  absent 
from  the  market  during  the  winter. 

Garfish.  Hyporhamphus  intermedius  (Cantor). 

Large  numbers  of  this  species  are  secured  in  the  vicinity  of  Picton  each 
year  during  April  and  May.  They  are  shipped  in  lots  to  Wellington,  where 
they  command  a  ready  sale. 
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ELECTRICITY  APPLIED  TO  GOLD-MINING. 

. 

By  W.  P.  Gauvain,  of  the  Waihi  Gold-mining  Company  (Limited). 

The  application  of  electricity  to  the  gold-mining  industry  has  been  the 
means  of  effecting  large  savings  in  the  power  department,  and  has  resulted 
in  the  possibility  of  the  treatment  of  low-grade  ores  which  formerly  were 
not  capable  of  being  treated  at  a  profit.  The  results  are  more  noticeable 
in  large  mining  districts,  such  as  those  of  South  Africa,  where  central  power 
companies  have  been  formed  and  very  large  stations  erected  for  the  purpose 
of  supplying  power  to  the  mines. 

In  a  short  article  it  is  not  possible  to  deal  with  this  subject  in  great 
detail,  because  in  gold-mining  the  uses  to  which  electricity  can  be  put  are 
numerous  ;  it  is  only  proposed  to  review  the  subject  as  far  as  space  will 
permit,  and  to  give  some  facts  which  may  be  of  interest. 

Gold-mining  may  be  rated  as  one  of  the  unstable  industries — an  industry 
full  of  possibilities,  of  anticipations,  and,  alas  !  of  failures.  In  the  course  of 
the  development  of  a  gold-mine  it  is  necessary  to  move  cautiously,  and  it  is 
sound  practice  to  delay  heavy  capital  expenditure  on  a  power  plant  when 
a  plant  that  is  cheaper  but  not  so  economical  in  running-costs  will  suffice 
until  sufficient  work  has  been  done  to  prove  the  property.  Even  when  the 
producing  stage  is  reached  the  amount  of  ore  reserves  does  not  always 
warrant  large  capital  expenditure,  and  consequently  the  power  plants  are 
often  crude  and  wasteful.  If  development  proceeds  satisfactorily  and  opens 
good  payable  blocks  of  ore,  placing  the  mine  on  a  sound  financial  basis, 
then  it  is  sound  policy  to  install  a  modern  plant  and  scrap  the  original 
plant.  Allowances  for  depreciation  and  sinking  fund  must  of  necessity  be 
high  on  a  gold-mining  plant,  and  far  greater  than  are  required  in  a  stable 
industry. 

So  far  as  the  mine  itself  is  concerned,  there  are,  apart  from  the  expense, 
considerable  engineering  difficulties  to  be  encountered  in  the  application  of 
electricity  to  the  various  problems  :  in  the  mill  the  problem  is  usually  much 
simpler. 

When  hydro-electric  power  is  available  for  a  reasonable  capital  expendi¬ 
ture  a  distinct  saving  may  be  effected  ;  if,  however,  steam  is  the  motive 
power,  and  the  amount  of  power  required  is  not  large,  then  electricity 
is  probably  only  economical  for  operating  what  may  be  termed  the 
auxiliaries  of  the  mine  and  mill. 

When  steam  turbines  came  into  extensive  use  some  years  ago  a  number 
of  companies  decided  to  electrify  their  plants,  not  appreciating  the  fact  that 
the  steam  turbine  in  the  small  sizes  could  not  compete  in  economy  with 
the  high-class  compound  mill-engines  driving  direct.  The  result  was  that 
the  electric  drive  got  rather  a  bad  name,  due  not  to  the  use  of  electricity 
but  to  the  unfortunate  misapplication  of  it. 

The.  Mine. 

To  deal  first  with  the  use  of  electricity  at  the  mine.  Power  is  required 
for  the  following  purposes  :  Pumping,  winding,  air-compressing,  ventila¬ 
tion,  underground  haulage,  &c. 

Pumping.- — The  history  of  the  application  of  mechanical  power  for  the 
purpose  of  raising  water  is  an  intensely  interesting  one,  and  is  closely  allied 
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with  the  history  of  the  steam-engine,  for  the  first  steam-engines  were  practi¬ 
cally  all  pumping-engines,  and  were  employed  in  unwatering  the  Cornish 
tin-mines.  Considering  the  low  steam-pressure  in  use  in  the  early  days, 
and  the  crude  appliances  available  for  manufacturing  these  engines,  the 
results  obtained  were  remarkable.  These  results  may  be  attributed  to 
the  Cornish  cycle  under  which  these  engines  worked,  and  to  the  very  high 
vacuum  which  was  obtained  in  this  type  of  engine.  Advantage  was  taken 
of  the  very  heavy  rods  with  which  these  engines  operated  the  underground 
pumps,  by  utilizing  the  inertia  of  these  rods  to  enable  a  good  degree  of 
expansion  to  be  obtained,  and  their  function  may  be  compared  to  that  of 
a  fly-wheel  on  a  rotative  engine. 

The  first  application  of  electricity  for  the  purpose  of  unwatering  mines 
was  not  particularly  successful,  and  there  are  numerous  instances  of 
electrically  operated  pumps  being  discarded  and  replaced  by  the  older 
type  of  steam-engine. 

In  metalliferous  mines  the  shafts  are  usually  of  a  smaller  size  than  those 
in  use  in  coal-mines,  and  a  smaller  amount  of  space  is  available  for  the 
necessary  pump  gear.  Consequently  the  type  of  engine  adopted  generally 
operated  only  a  single  line  of  rods  as  compared  with  two  lines  of  balanced 
rods  in  coal-mine  engines.  It  will  be  readily  understood  that  the  problem 
of  operating  electrically  a  single  line  of  heavy  pump-rods  calls  for  a  good 
deal  of  mechanical  ingenuity,  and  it  was  soon  realized  that  this  method  of 
operating  pumps  was  not  the  ideal  one.  Not  only  were  mechanical  diffi¬ 
culties  experienced,  but  the  efficiency  of  the  whole  plant  was  low  when 
compared  with  the  direct-coupled  non-rotative  steam-engine. 

So  far  we  have  only  dealt  with  pumps  underground  operated  by  some 
form  of  power  on  the  surface  with  mechanical  connections  between  the 
prime  mover  and  the  pumps.  In  addition  there  were  direct-driven  steam, 
compressed-air,  and  hydraulic  pumps.  These  pumps  were  erected  in  under¬ 
ground  chambers  at  the  various  levels.  The  steam  pumps  were  the  means 
of  introducing  a  considerable  amount  of  heat  into  the  mines — a  very 
undesirable  condition  of  affairs — whilst  the  steam-consumption  was  also 
heavy,  and,  notwithstanding  the  fact  that  advantage  was  taken  of  the 
inertia  of  the  column  of  water  to  obtain  expansion  in  the  steam-cylinders, 
even  then  the  thermo-dynamic  efficiency  was  low.  Mechanically  they  were 
fairly  efficient  and  called  for  little  in  the  way  of  heavy  repairs.  Their  use 
has  been  practically  discontinued. 

Compressed-air  pumps,  although  notoriously  inefficient,  are  still  used  to 
a  great  extent,  but  only  where  a  comparatively  small  amount  of  power  is 
necessary.  They,  however,  have  many  practical  advantages,  and  in  shaft¬ 
sinking  are  useful  in  assisting  ventilation. 

Hydraulic  pumps,  owing  to  the  heavy  pressures  adopted,  require  careful 
handling.  They  possess  the  advantage  that  they  may  be  worked  when 
absolutely  flooded,  and  this  also  applies  to  compressed-air  pumps. 

It  will  thus  be  seen  that  the  electrically  operated  pumps  had  to  compete 
with  the  surface  pumping-engine  as  regards  efficiency  and  with  the  under¬ 
ground  pumping-engines  es  regards  convenience.  There  was  also  another 
very  important  point  to  be  considered,  and  that  was  the  question  of 
the  varying  amount  of  water  to  be  handled.  With  the  pumps  mentioned 
above,  this  problem  was  not  a  difficult  one,  and  the  efficiency  at  different 
loads  did  not  vary  to  any  great  extent.  Having  realized  that  the  correct 
method  of  applying  the  power  to  the  pumps  was  to  erect  the  whole  of  the 
plant  underground,  the  manufacturers  turned  their  attention  to  electrically 
18 — Science. 
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driven  three-throw  pumps,  the  motor  being  coupled  to  the  pumps  by  means 
of  belts  (or  ropes)  and  gearing.  About  the  same  time  another  school, 
mostly  of  Continental  engineers,  introduced  the  idea  of  placing  the  motor 
direct  on  the  crank-shaft  of  the  pump  and  adopting  comparatively  slow- 
speed  motors.  In  order  to  keep  the  size  of  the  motors  within  reasonable 
limits  the  speed  of  the  pumps  was  considerably  increased.  The  water- 
speed  in  the  pumps  was  not  increased  to  any  great  extent,  for  there  is  a 
limit  to  this,  but  the  number  of  revolutions  per  minute  was  greater.  This 
necessitated  the  pump -valves  being  actuated  mechanically,  and  proved  to 
be  a  very  complicated  problem.  Numerous  difficulties  and  failures  were 
encountered,  and  although  to  a  great  extent  these  difficulties  have  been 
overcome,  yet  this  class  of  pump  has  not  realized  the  anticipation!-  of  the 
engineers  who  introduced  it. 

The  inventive  capacity  of  engineers  was  therefore  directed  more  and 
more  to  the  three-throw  plunger-pump,  but  the  great  difficulty  was  the 
successful  application  of  the  electric  motor  to  driving  these  pumps.  It 
was  soon  realized  that  whilst  belts  and  ropes  formed  a  flexible  medium, 
yet  they  were  an  undesirable  feature  for  underground  work  ;  on  the  other 
hand,  gearing,  was  objectionable,  not  only  on  account  of  its  inefficiency, 
but  also  because  of  the  noise  and  the  vibration. 

The  solution  was  the  introduction  of  double  helical  machine-cut  gearing 
running  in  oil,  and  the  installation  of  a  flexible  coupling  between  the  motor 
and  the  pumps.  This  gearing  has  a  high  efficiency,  is  comparatively  noise¬ 
less,  and  the  flexible  coupling  relieves  the  motor  to  a  great  extent  of  shocks 
from  the  pump  ;  and  this  combination  may  be  considered  to  b&  the  most 
efficient  and  economical  so  far  as  these  mine-pumps  are  concerned. 

We  now  come  to  the  type  of  pump  which  in  recent  years  has  made 
remarkable  progress,  and  bids  fair  in  the  majority  of  cases  to  supersede  all 
other  types,  and  that  is  the  turbine  pump.  Now,  this  pump  has  not  such 
a  good  efficiency  as  a  high-class  three-throw  pump,  and  its  efficiency 
decreases  rapidly  with  a  diminishing  load,  but  it  possesses  so  many  other 
advantages  that  it  is  destined  to  become  the  most  popular  pump  so  far  as 
electrical  driving  is  concerned.  It  is  capable  of  being  run  at  a  very  high 
speed,  and  consequently  can  be  coupled  direct  to  a  motor  ;  it  is  usual  when 
running  a  50-cycle  circuit  to  fix  this  speed  at  1,500  revolutions  per  minute. 
The  mechanical  parts  are  simple,  are  easily  repaired  or  renewed,  and  the 
great  advantage  is  the  small  space  taken  up  for  the  amount  of  work  done 
and  the  consequent  saving  effected  in  the  excavation  of  underground 
chambers.  It  has  the  grave .  disadvantage  that  its  efficiency  rapidly  falls 
off  with  the  wear  of  the  internal  parts,  and  in  metalliferous  mines  the  wear- 
and-tear  is  severe,  due  to  the  large  amount  of  grit  in  suspension  in  the  water. 
When  used  as  a  stationary  pump  this  disadvantage,  however,  can  to  a 
great  extent  be  overcome  by  providing  large  settling-cisterns  and  efficient 
silt-traps  ;  but  when  used  for  the  purpose  of  sinking  it  is  not  possible  to 
do  this,  and  convenience  has  to  be  purchased  at  the  price  of  comparatively 
heavy  repairs  and  loss  of  efficiency. 

The  question  of  pumping  has  been  dealt  with  more  fully  than  some  of  the 
other  departments  in  gold-mining  because  it  is  quite  obvious  that,  given 
the  case  of  a  heavily  watered  mine,  everything  depends  on  an  efficient 
pumping  plant.  The  utilization  of  electricity  for  driving  the  pumps  depends 
to  a  great  extent  on  the  cost  of  power,  and  on  the  means  which  can  be 
adopted  to  render  these  pumps  immune  from  flooding.  Each  individual 
case  must  be  judged  on  its  merits,  but  it  may  be  stated  roughly  that,  given 
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cheap  electric  power,  the  turbine  pump  is  probably  the  most  suitable, 
whilst  where  the  cost  of  power  is  high  the  three-throw  pump  has  the 
advantage,  and  that  when  dealing  with  a  small  amount  of  water  the 
latter  pump  also  is  most  advantageous. 

Direct  current  is  most  suitable  where  there  is  a  big  variation  in  the 
amount  of  water  to  be  pumped,  owing  to  the  ease  in  which  the  speed  of  the 
motor  can  be  varied,  but  alternating  current  possesses  simplicity  and  the 
possibility  of  using  much  higher  voltages  than  are  practicable  with  direct 
current. 

In  laying  out  any  electrical  pumping  scheme  it  is  of  vital  importance 
that  the  plant  be  arranged  so  that  in  the  event  of  a  sudden  rush  of  water 
being  met  with,  should  the  failure  of  the  power  or  pumps  occur,  the  pumps 
can  be  immediately  raised.  In  other  words,  stationary  electric  pumps 
should  not  be  installed  where  there  is  a  possibility  of  their  being  flooded. 
The  water  in  the  lower  section  of  the  mine  should  be  handled  by  means 
of  suspended  electric  pumps  connected  to  a  capstan  situated  either  on  the 
surface  or  in  a  chamber  underground,  free  from  the  danger  of  flooding. 

Winding . — Probably  the  most  strenuous  work  which  the  electric  motor 
is  called  upon  to  do  in  gold-mining  is  in  connection  with  winding.  In  order 
to  appreciate  the  difficulties  to  be  met  in  this  department  it  must  be 
realized  that  the  engine  has  to  start  with  the  full  load,  to  accelerate  rapidly 
up  to  full  speed,  and  then,  towards  the  end  of  the  wind,  to  retard.  In  order 
that  the  minimum  amount  of  time  be  taken  during  each  wind,  the  periods 
of  acceleration  and  retardation  must  be  as  short  as  possible,  and  this 
necessitates  a  large  amount  of  reserve  power  and  adequate  braking-capacity. 

The  conditions  of  winding  in  a  gold-mine  are  much  more  strenuous 
than  those  encountered  in  a  coal-mine.  In  the  latter  case  there  is  usually 
only  one  level,  but  in  the  former  the  engine  may  be  called  upon  to  handle 
ore  from  a  large,  number  of  levels,  consequently  it  is  necessary  that  either 
one  or  both  of  the  winding-drums  be  equipped  with  a  clutch.  It  follows 
also  that  the  engine  must,  at  times,  be  capable  of  raising  the  whole  load 
in  an  unbalanced  state — that  is,  receiving  no  benefit  from  the  rope,  cage, 
and  empty  truck  in  the  other  compartment.  In  addition  to  the  above,  it 
is  necessary  for  the  purpose  of  shaft-inspection  that  the  engine  be  capable 
of  winding  at  a  very  low  speed,  and  of  easy  manipulation  at  the  various 
levels  and  at  the  collar  of  the  shaft.  Efficient  overwinding-devices  are  also 
essential. 

The  steam  winding-engine  has  reached  a  great  state  of  perfection,  and 
is  capable  of  adequately  dealing  with  all  the  foregoing  conditions,  but  it 
cannot  be  classed  as  a  very  economical  prime  mover.  However,  when  the 
electric  winder  appeared  in  the  field,  steps  were  taken  to  improve  the  steam- 
consumption,  and  this  was  done  by  compounding  the  engine — usually  two 
sets  of  compound  tandem  engines  being  used — adding  an  air-pump  and 
condenser  to  the  engine,  and,  in  the  case  of  existing  engines,  by  utilizing 
the  exhaust  steam  in  conjunction  with  suitable  steam-accumulators  for 
driving  exhaust-steam  turbines  for  generating  electricity  for  general  use 
around  the  mine. 

All  these  things  tended  to  complicate  the  winding  plant,  and  as  a 
winding-machine  must  be  essentially  reliable,  apart  from  any  consider¬ 
ations  of  economy,  many  users,  especially  colliery-owners,  preferred  to 
sacrifice  economy  for  reliability.  Electrical  engineers  had  a  very  difficult 
problem  to  solve  when  they  began  to  electrify  winding-engines,  but  the 
proof  that  they  have  satisfactorily  dealt  with  the  matter  lies  in  the  fact 
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that  a  very  large  number  of  the  old  steam  winders  have  been  equipped 
electrically.  One  of  the  chief  difficulties  was  the  very  large  amount  of 

power  a  large  winding-engine  takes  in  starting,  and  the  necessity  of 

providing  adequate  equipment  at  the  power-station  to  cope  with  this  peak 
load. 

The  subject  of  electric  winding  is  a  highly  technical  one,  and  it  is  not 
possible  to  deal  with  it  in  detail  in  a  short  article.  Suffice  it  to  say  that 
there  are  two  types  of  winders  in  use — namely,  (1)  the  three-phase  type,  and 
(2)  the  Ward-Leonard  type.  In  the  South  African  mines,  where  a  very 
large  number  of  electric  winders  are  installed,  the  first  type  has  up  to  the 
present  found  favour,  but  solely  on  account  of  the  lower  capital  cost,  and 
the  tendency  is  now  to  install  the  Ward-Leonard  type.  The  three-phase 

type  consists  of  an  induction  motor  coupled  to  the  winding-drums  by 

means  of  gearing,  and  is  a  much  simpler  machine  than  the  Ward-Leonard, 
but  the  control  is  more  complicated.  The  Ward-Leonard  consists  of  a 
motor  generator  set,  the  generator  supplying  current  for  a  direct-current 
motor,  either  direct-coupled  or  geared  with  winding-drums.  A  great 
advantage  of  this  type  is  the  simplicity  of  control  and  the  ease  with  which 
the  cage  may  be  manipulated  when  effecting  a  landing  at  the  brace  or  the 
various  levels,  and  also  the  fact  that  during  braking  operations  at  the  end 
of  a  wind  the  winding-motor  can  be  converted  into  a  generator,  thereby 
returning  current  to  the  line  and  acting  as  a  very  efficient  electric  brake ; 
also,  when  lowering  men  or  large  quantities  of  material  for  use  in  the  mine 
the  greater  part  of  the  energy  can  be  returned  to  the  source  of  supply. 
A  winder  of  this  type  has  been  working  at  the  mine  of  the  Waihi  Gold¬ 
mining  Company  for  the  past  four  years  ;  it  has  cost  nothing  in  the  way 
of  repairs  beyond  the  renewal  of  a  few  brushes,  and  is  preferred  by  the 
drivers  to  the  steam-engine  which  was  previously  in  use. 

Whilst  on  the  subject  of  winding,  it  is  interesting  to  note  that  one  of  the 
steam  winding-engines  at  the  Waihi  Mine  is  now  being  run  on  compressed 
air,  and  a  considerable  saving  has  been  effected.  This  engine  has  two 
high-pressure  cylinders,  each  18  in.  diameter  by  3  ft.  stroke,  and  handles 
a  maximum  load  of  about  6  tons.  The  supply  is  taken  from  the  main 
compressing  plant  at  the  mine,  and  efficient  receiver  capacity  is  provided. 
No  alteration  has  been  made  to  the  engine  except  that  appliances  have  been 
installed  for  pre-heating  the  air.  It  must,  of  course,  be  realized  that,  on 
account  of  conversion  losses  being  heavy,  such  a  system  is  only  possible 
where  cheap  hydro-electric  power  is  available  ;  but  in  this  particular  instance 
it  was  found  cheaper  to  enlarge  the  existing  compressing  plant  (electrically 
driven)  and  utilize  compressed  air  than  to  electrify  the  winding-engine. 

Compressing. — Compressed  air  is  one  of  the  most  useful  and  at  the  same 
time  one  of  the  most  uneconomical  servants  of  the  miner,  but  is  used  for 
a  variety  of  purposes  in  the  mine  and  mill.  Its  chief  use  in  the  mine  is  for 
rock-drilling,  but  it  is  also  largely  used  for  winding,  hauling,  pumping,  and 
ventilation,  for  pneumatic  tools  in  the  workshops,  and  for  operating  tool- 
sharpeners  for  the  tools  used  for  rock-drilling,  whilst  in  the  mill  it  is  used 
for  agitating  and  for  air-lifts. 

Dealing  first  with  its  use  at  the  mine,  it  is  quite  obvious  that  where 
large  quantities  of  compressed  air  are  required  the  ideal  method  is  to  have 
one  main  compressing-station  and  distribute  the  air  to  the  various  depart¬ 
ments.  In  a  mine  equipped  with  a  steam-electric  power-station  it  is 
a  debatable  point  whether  it  is  better  to  generate  the  compressed  air 
electrically  or  to  generate  direct  by  steam.  If  the  amount  of  air  used  is 
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comparatively  small  the  method  of  generating  electrically  appears  to  be  the 
most  economical ;  but  where  a  large  quantity  of  air  is  required  and  it  is 
possible  to  install  economical  steam-driven  compressors,  then,  owing  to  the 
conversion  losses  in  the  electric  compressors,  probably  the  steam-driven  type 
is  preferable.  Against  this  it  may  be  stated  that  the  compressors  provide  a 
very  good  load  for  the  power-station,  and  tend  to  increase  the  load-factor. 
In  the  large  generating-stations  in  South  Africa  for  supplying  power  to  the 
mines  compressed  air  is  generated  by  coupling  rotary  compressors  direct  to 
steam  turbines  and  supplying  the  compressed  air  in  bulk  to  the  various 
mines,  where  it  is  metered.  Some  of  the  mines  still  retain  their  existing 
steam  compressors,  which  in  several  cases  have  been  electrified. 

Up  to  the  present  time  no  electrically  driven  rock-drills  have  been 
a  practical  success,  and  compressed-air  drills  possess  so  many  obvious 
advantages  that  there  is  little  doubt  that  the}'  will  continue  to  be  the 
most  suitable  machine  for  this  class  of  work.  The  exhaust  from  these 
machines  materially  assists  in  the  ventilation  of  the  mine. 

Compressed  air  is  also  extensively  used  for  winches  for  sinking  shafts 
and  winzes.  For  pumping  its  use  is  confined  practically  to  sinking,  and 
draining  sumps. 

Ventilation . — This  is  most  effectively  carried  out  by  an  exhaust  fan  on 
the  surface  and  by  pressure  or  exhaust  fans  underground.  The  most  suitable 
method  of  driving  the  fans  is  by  means  of  an  electric  motor ;  but  great  care 
has  to  be  exercised  in  installing  an  electrically  driven  fan  underground, 
because  these  fans  are  often  placed  in  exposed  positions,  and  the  cables, 
switch  gear,  and  motor  must  be  efficiently  protected  and  earthed.  Under 
some  conditions  it  is  therefore  advisable  to  resort  to  fans  driven  by  com¬ 
pressed-air  motors,  or  to  jets  of  compressed  air  arranged  so  as  to  induce  air 
from  the  downcast  shafts  and  deliver  to  the  various  faces. 

Underground  Haulage. — Underground  haulage  is  not  carried  out  in  gold¬ 
mines  to  anything  like  the  extent  that  it  is  in  coal-mines,  and  the  reason 
is  that  whereas  a  coal-mine  has  usually  only  one  level,  a  gold-mine  has 
numerous  levels,  and  the  drives  on  the  reefs  are  often  very  irregular  ;  also, 
the  various  levels,  owing  to  the  workings  in  the  vicinity,  are  often  in  a  state 
of  movement.  Compressed-air-driven  rope  haulage  is  sometimes  adopted, 
owing  to  its  simplicity.  In  the  Waihi  Mine  an  electric  locomotive  is  in 
use  in  one  of  the  levels  for  the  purpose  of  filling  the  depleted  stopes  with 
mullock.  This  locomotive  has  a  run  of  about  1,000  ft.,  and  is  driven  by  a 
direct-current  motor  receiving  current  from  an  overhead  trolly-wire  at 
220  volts,  and  has  proved  to  be  very  satisfactory  in  practice. 

The  Mill. 

The  application  of  electricity  for  driving  the  various  machines  in  a 
battery  and  treatment  plalit  is  in  most  cases  not  difficult,  but  calls  for  some 
skill  in  the  arrangement  of  the  circuits.  The  various  sections  of  a  treat¬ 
ment  plant  are  so  intimately  connected  that  care  has  to  be  taken  that  the 
failure  of  a  small  motor  does  not  mean  shutting  down  a  considerable  section 
of  plant  in  addition  to  portions  driven  by  the  said  motor.  Alternating 
current  has  very  considerable  advantages  in  mill  work.  Practically  the 
whole  of  the  machinery  requires  to  be  run  at  a  constant  speed,  and  in 
certain  sections  of  the  plant  it  is  absolutely  essential  that  speed  be  con¬ 
stant  to  ensure  efficient  conditions.  In  this  class  of  work  the  advantages 

o 

of  the  alternating-current  motors  are  undisputed.  The  simplicity  of  the 
alternating-current  motors,  and  the  small  number  of  wearing-parts  as 
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compared  with  direct-current  machines,  make  them  particularly  suitable 
under  adverse  conditions  such  as  are  met  with  in  every  mill.  As  to  the 
type  of  alternn  ting-current  motor  adopted,  it  may  be  said  that  for  small 
sizes  the  squirrel-cage  type  is  the  most  suitable,  but  it  has  disadvantages 
which  are  well  known,  and  when  larger  sizes  are  reached  it  is  preferable  to 
use  a  slip-ring  motor  rather  than  a  squirel-cage  motor  and  clutch.  The 
slip-ring  motor  can  usually  stand  up  to  all  mill  requirements,  and  it  is  very 
rarely  necessary  to  adopt  a  clutch  with  this  type. 

The  experience  gained  in  the  electrification  of  the  South  African  mills 
is  very  valuable,  and  the  various  papers  on  this  subject  in  the  Transactions 
of  the  Institute  of  Electrical  Engineers  are  of  great  assistance  to  any  one 
interested  in  this  subject. 

The  various  departments  of  a  mill  may  be  summarized  thus  : — 

Crushing.— The  ore  is  dumped  into  crushers,  usually  of  the  gyratory 
type.  The  load  is  variable,  but  a  considerable  percentage  of  power  is 
taken  in  driving  the  crushers  themselves  when  no  ore  is  being  broken.  It 
is  usual  to  drive  these  machines  by  ropes  or  belts,  the  reduction  in  the 
crusher  being  through  bevel  gearing.  The  starting  is  fairly  heavy,  but 
a  slip-ring  motor  is  suitable,  although  sometimes  this  type  of  motor  is 
provided  with  a  clutch  for  this  class  of  work. 

Stamps. — In  laying  down  new  plants  it  is  customary  for  each  motor 
to  drive  10  heads  of  stamps,  and  with  the  heavy  stamps  now  in  use  this 
requires  about  a  50-horse-power  motor.  The  stamps  make  about  100  drops 
a  minute,  corresponding  to  a  speed  of  50  revolutions  per  minute  of  the 
cam  shaft;  the  ratio  between  this  speed  and  the  motor-speed  being  large, 
an  intermediate  shaft  is  necessary,  and  this  shaft  runs  at  a  speed  of  100 
revolutions  per  minute.  The  low  belt-speed  necessitates  large  belts,  and  a 
jockey  pulley  is  invariably  employed.  In  the  South  African  mills  slip-ring 
motors,  running  at  a  speed  of  600  revolutions,  are  employed,  and  in  the 
Victoria  mill  at  the  Waihi  Gold-mining  Company  one  300-horse-power 
synchronous  and  two  110-horse-power  slip-ring  motors  are  used,  the  speed 
of  these  motors  being  300  revolutions  per  minute.  It  is  necessary  for 
efficient  duty  to  keep  the  number  of  drops  per  minute  constant. 

Tube  Mills.— Tube  mills  are  employed  for  the  purpose  of  grinding  the 
product  received  from  the  stamps,  and  the  fineness  of  grinding  required 
depends  largely  on  the  method  subsequently  adopted  in  the  treatment  plant. 

At  the  Victoria  mill  the  tube  mills  employed  are  each  18  ft.  long  by 
4  ft.  9  in.  diameter  (inside  shell  measurements)  ;  they  carry  a  load  of  about 
5|-  tons  of  flints,  and  when  running  at  a  speed  of  26  revolutions  per  minute 
require  about  55  horse-powerA 

The  mills  in  use  in  South  Africa  are  considerably  larger  and  take  about 
120  horse-power,  and  are  each  driven  by  a  separate  motor.  Direct  driving 
through  gearing  has  been  tried,  and  even  machine-cut  double  helical  gearing 
has  been  used,  but  has  not  been  very  successful  owing  to  the  end  move¬ 
ment  of  the  mill  in  its  main  trunnions.  It  is  customary  to  drive  by  belt, 
the  final  reduction  being  by  spur  gearing. 

Treatment  Plant—  Power  is  required  in  this  department  for  driving 
elevator-wheels,  vanners,  air-compressors  for  agitating,  vacuum  pumps,  and 
cranes  in  connection  with  the  slimes  plant,  disintegrators,  and  sundry  pumps 
for  pumping  slimes,  solutions,  and  water.  In  most  of  these  cases  it  is  usual 
to  drive  by  either  belts  or  ropes,  with  the  exception  of  the  pumps,  which, 
should  they  be  of  the  centrifugal  type,  are  generally  direct-coupled  to  the 
motor.  None  of  these  drives  calls  for  comment.  The  larger  motors  are 
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invariably  of  the  slip-ring  type,  whilst  the  smaller  are  either  slip-ring  or 
squirrel-cage. 

Lighting. — In  the  Victoria  mill  it  is  the  practice  to  use  carbon-filament 
lamps  in  the  battery  and  in  places  subject  to  vibration,  as  the  life,  com¬ 
pared  with  the  metallic  lamp,  is  considerably  longer  under  these  conditions. 
The  current-consumption  is,  of  course,  much  higher,  but  in  the  case  of  a 
cheap  supply  the  lower  cost  of  the  carbon  lamp  more  than  counterbalances 
the  power  bill.  It  is.  customary  to  hang  these  lamps  on  light  springs  with 
the  object  of  damping  the  vibration,  and  this  practice  considerably  increases 
the  life  of  the  lamp.  In  places  not  subject  to  vibration  metallic-filament 
lamps  of  large  candle-power  are  used,  and  have  been  found  considerably 
cheaper  in  upkeep  than  arc  lamps,  and  are  preferable.  The  lighting  is  all 
direct  current,  and  the  voltage  is  230. 

Refining. — In  the  Waihi  Gold-mining  Company’s  plant  the  electrolytic 
method  is  used  for  refining  the  bullion.  The  slabs  of  bullion  received  from 
the  melting  department  weight  about  200  oz.  and  contain  approximately 
12  per  cent,  gold  and  87  per  cent,  silver.  The  stationary  cathode  type  of 
cell  is  used,  and  each  cell  requires  about  90  amperes  at  3  to  4  volts. 

The  following  figures  will  be  of  interest  as  showing  the  amount  of  power 
used  in  a  mill  and  the  percentage  consumed  in  the  various  departments 
of  the  mill.  The  figures  are  taken  from  the  records  of  the  Victoria  mill 
of  the  Waihi  Gold-mining  Company  (Limited).  This  mill  is  over  twenty 
years  old,  and  was  not  laid  out  with  the  intention  of  adopting  the  electric 
drive,  consequently  it  cannot  be  considered  to  be  so  efficient  (so  far  as  the 
arrangement  of  the  power  plant  is  concerned)  as  a  modern  mill  specially 
designed  to  be  operated  electrically.  Moreover,  the  mill  has  been  consider- 


ably  extended  from  the  original  design,  but  at  present 
to  its  full  capacity. 

is  not  running  up 

The  actual  consumption  of  current  amounts  to  from  35  to  38  units  per 
ton  of  ore  crushed  and  treated,  and  the  following  table  shows  the  percentage 

of  power  used  in  the  various  departments  : — 

Crushers 

2-3 

Stamping 

26-2 

Tube  mills 

33-2 

Treatment 

30-5 

Concentrates  treatment 

3-2 

Lighting  . .  . .  • 

3-9 

Workshops  . . 

0-7 

> 

100-0 

The  load  on  the  mill  is  very  constant,  as  shown  by  the  fact  that  the 
daily  load-factor  averages  about  95  per  cent.  The  power  of  connected 
alternating-current  motors  is  about  2,300  horse-power,  and  includes  one 
300-horse-power  and  two  375-horse-power  synchronous  motors.  The 
power-factor  averages  about  96  per  cent. 

Conclusion. 

It  will  be  seen  from  the  above  that  electricity  can  be  made  to  play  a 
most  important  part  in  the  gold-mining  industry,  and  when  intelligently 
used  is  the  means  of  effecting  a  considerable  saving. 

In  a  country  like  New  Zealand,  endowed  with  an  abundant  supply  of 
water-power,  capable  in  many  instances  of  being  harnessed  at  a  reasonable 
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capital  expenditure,  and  where  the  labour  problem  is  always  a  complicated 
one,  we  must  look  to  our  natural  advantages  for  stimulating  industries 
and  increasing  the  wealth  of  the  country.  Gold-mining  in  New  Zealand 
is  at  the  present  time  in  a  depressed  state,  but  hydro-electric  power  has 
been,  and  will  continue  to  be,  the  means  of  enabling  the  mine-owner  to 
handle  bodies  of  low-grade  ore  which  could  not  be  treated  at  a  profit  with 
any  other  form  of  power. 

The  chairman  of  the  Waihi  Gold-mining  Company,  in  his  speech  at  the 
annual  meeting  of  the  company  held  in  May,  1916,  stated,  in  reference  to 
the  Horahora  hydro-electric  plant,  which  supplies  power  to  the  company, 
“It  is  exercising  a  most  beneficial  influence  on  our  costs  in  every  way. 
So  far  as  it  can  be  estimated  it  is  effecting  a  saving  of  between  £20,000  and 
£25,000  per  annum.” 

There  seems  no  reason  to  doubt  that  the  next  few  years  will  see  large 
developments  in  connection  with  hydro-electric  power  in  New  Zealand, 
but  as,  in  all  probability,  money  will  be  dear,  the  whole  question  calls  for 
most  careful  consideration  from  a  financial  point  of  view. 

Up  to  the  present  a  large  proportion  of  the  hydro-electric  plant  imported 
has  been  of  foreign  manufacture.  It  is  sincerely  to  be  hoped  that  British 
manufacturers  will  in  the  future  cater  for  this  class  of  work,  and  more 
particularly  for  turbine  and  extra-high-tension  gear.  The  comparatively 
small  amount  of  water-power  available  in  England,  and  the  fact  that  very 
high  voltages  are  not  in  use  there,  is  no  doubt  responsible  for  the  neglect 
on  the  part  of  the  manufacturers  in  these  two  branches. 


MOUNTAINS. 

By  C.  A.  Cotton,  D.Sc.,  F.G.S.,  Victoria  University  College,  Wellington. 

One-cycle,  Two-cycle,  and  Multi-cycle  Mountains. 

In  the  older  classifications  of  mountains  “  fold  mountains  ”  figured  pro¬ 
minently,  while  the  term  “  mountains  of  circumdenudation  ”  was  generally 
reserved  for  residuals  of  high-standing  plateaux  of  horizontally  bedded 
rocks  that  had  become  deeply  dissected  by  erosion.  In  a  sense  however,  the 
ma  ority  of  mountains,  excluding  young  volcanic  mountains  but  including 
those  classed  as  “  fold  mountains,”  are  mountains  of  circumdenudation. 
It  has  long  been  recognized  that  there  is  little,  if  any.,  correspondence 
between  the  fold-structures  and  the  actual  forms  of  mountains  formed  of 
folded  rocks. 

If  a  mountain-range  be  uplifted  by  the  compressive  folding  of  which  -we 
find  evidence  in  the  folded  structure  of  the  rocks,  its  initial  form  must  be 
a  huge  pile  of  crowded,  squeezed,  and  broken  arches  of  rock.  At  a  later 
time  the  limits  of  the  range,  though  not  its  height,  might  be  expected  to 
correspond  with  the  limits  of  the  whole  geanticline  or  composite  arch ;  but 
no  agreement  need  be  looked  for  between  the  surface  forms  of  individual 
arches  and  the  details  of  the  mountain-peaks.  It  is  a  commonplace  that 
erosion  is  extremely  rapid  among  mountain-peaks  ;  bare-rock  surfaces 
abound,  frost-action  is  vigorously  at  work,  and  steep  slopes  lead  the  broken 
waste  downhill  as  talus,  which  is  presently  delivered  into  mountain  torrents 
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and  swept  away.  Indeed,  it  appears  certain  that  a  range  with  a  highly 
accidented  initial  surface  would  be  maturely  dissected  while  still  in  its  period 
of  vigorous  growth,  and  long  before  it  had  attained  its  maximum  height. 

Not  many  years  ago  all  the  great  mountain-ranges  of  the  world  which 
are  built  of  folded  rocks  were  believed  to  have  originated  as  “  fold 
mountains,”  and  to  be  now  in  process  of  reduction  by  erosion  for  the  first 
time  ;  for  it  was  recognized  that  erosion'  must  reduce  their  height,  round 
off  their  peaks,  and  ultimately  destroy  their  relief.  In  the  language  of 
geomorphology,  the  mountains  were  believed  to  be  undergoing  erosion  in 
a  cycle  introduced  by  the  uplift  accompanying  or  resulting  from  folding. 
To  put  it  in  another  way,  they  were  one-cycle  mountains. 

The  absolute  length  of  a  complete  cycle  (the  time  required  for  the 
destruction  o';  a  mountain-range)  is  unknown,  and  even  its  relative  length 
as  compared  with  intervals  of  geological  time  is  but  vagely  understood. 
Moreover,  it  varies  enormously  with  different  kinds  of  mountain-forming 
rocks,  and  in  different  climates.  While,  however,  the  immensity  of 
geological  time  is  being  more  clearly  realized,  the  efficiency  of  subaerial 
erosion  and  the  comparative  brevity  of  the  cycle  of  mountain-destruction 
are  becoming  more  apparent ;  and  the  intervals  since  the  geological  dates 
of  the  folding  in  many  ranges,  though  formerly  regarded  as  brief,  seem 
now  more  than  sufficient  to  allow  of  the  dissection  and  reduction  of  the 
mountains  to  their  present  state. 

In  many  parts  of  the  world  evidence  has  come  to  light  also  which 
proves  that  mountain-ranges  are  really  dissected  plateaux,  though  com¬ 
posed  of  folded  rocks  ;  that  is  to  say,  they  are  two-cycle,  or  perhaps 
multi-cycle ,  mountains,  the  region  having  been  worn  down  by  erosion  to 
small  relief  at  least  once,  and  possibly  more  than  once,  prior  to  a  nearly 
even  uplift,  which  was  followed  by  deep  dissection  of  the  plateau  so 
formed.  Mountains  that  have  originated  in  this  way  are  recognized  owing 
to  the  preservation  of  some  remnants  of  the  plateau  from  which  they 
have  been  carved.  The  initial  form  in  this  case,  having  a  level  surface,  is 
not  so  quickly  eroded  away  as  the  tumbled  crest  of  a  pile  of  folds,  but 
is  encroached  upon  little  by  little  as  dissection  of  the  highland  proceeds, 
a  few  remnants  far  from  the  principal  rivers  perhaps  surviving  long  after 
other  parts  of  the  region  have  been  completely  dissected  to  a  sea  of  sharp 
ridges  and  peaks.  It  is  justifiable  to  suspect  that  other  mountain-ranges 
in  which  plateau-remnants  no  longer  survive  have  also  had  a  multi-cycle 
origin,  and  this  suspicion  often  receives  a  considerable  amount  of  confirma¬ 
tion  from  an  accordance  of  summit-levels,  which  suggests  the  restoration 
of  a  vanished  plateau  a  little  above  the  present  summits  of  numerous  peaks 
of  nearly  even  height. 

A  list  of  the  important  mountain-ranges  that  have  gone  through  more 
than  one  cycle  of  erosion  would  be  so  long  that  it  would  make  tedious 
reading,  but  it  may  be  mentioned  that  even  the  Jura  Mountains,  so  often 
referred  to  as  an  example  of  a  system  of  rock-folds  not  yet  destroyed  by 
erosion,  are  now  known  to  have  been  reduced  to  small  relief,  uplifted, 
and  redissected.* 

It  is  quite  conceivable  that  the  mountains  formed  by  the  original 
folding  on  the  sites  of  some  of  the  great  ranges  of  the  present  day  were 
of  relatively  insignificant  height.  The  piling-together  of  rock-folds  does 
not  necessarily  form  a  great  protuberance  on  the  earth’s  surface,  for  the 


*  E.  Bruckner,  Notice  preliminaire  sur  la  rr.orphologie  du  Jura  suisse  et  fraru^ais, 
Arch.  sci.  phys.  nat.,  4e  ser.,  tome  14,  pp.  633-41,  Geneve,  1902. 
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lithosphere,  or  “  crust,”  is  not  rigid,  but  yields  under  a  load  ;  and  so  the 
folded  rocks  may  sink  until  isostatic  equilibrium  is  restored,  a  place  being 
made  for  them  by  lateral  flow  of  deeply  buried  rocks.  As  to  the  cause 
of  the  broad  upswellings  of  the  surface  that  have  taken  place  later  and 
have  led  to  deep  dissection  and  the  sculpture  of  mountains  nothing  is 
known. 

Block  Mountains. 

Instead  of  even  uplift  .or  broad  doming  taking  place  to  form  a  plateau 
that  is  later  destroyed  by  erosion,  the  land  surface  is  sometimes  broken 
into  blocks  some  of  which  are  uplifted,  either  evenly  or  irregularly,  while 
others  either  sink  or  remain  stationary.  The  surface  that  is  thus  broken 
may  previously  have  strong  relief,  low  relief,  or  no  relief  at  all :  it  may 
be  part  of  a  sea-floor.  The  underlying  rocks  may  or  may  not  have  a 
folded  or  otherwise  deformed  structure. 

The  uplifted  blocks  and  the  higher  parts  of  tilted  blocks  form  initial 
mountains,  or  mountain-ranges,  upon  which  erosion  begins  at  once  its 
work  of  dissection  and  sculpture.  Block  mountains  thus  formed  are  strictly 
one-cycle  mountains,  and  yet,  when  the  surface  of  the  initial  form  is  an 
eroded  surface,  perhaps  truncating  deformed  structures,  they  are  seen  to 
be  closely  akin  to  the  multi-cycle  mountains  described  above,  differing 
from  them  in  that  the  uplift  to  which  they  are  due  is  differential  instead 
of  regional. 

In  various  parts  of  the  world  block  mountains  are  known  in  which 
sculpture  is  not  so  far  advanced  but  that  the  initial  form  is  still  clearly 
traceable.  On  the  summit  of  a  block  (or  on  the  back  slope  of  a  tilted 
block)  this  is  generally  an  earlier  land  surface,  while  along  the  lines  of 
fracture  between  adjacent  blocks  there  are  fault-scarps. 

i 

The  Mountains  of  New  Zealand.* 

Formerly  the  mountains  of  New  Zealand — that  is  to  say,  the  Southern 
Alps  and  other  chains  formed  of  the  older  rocks — were  regarded  as  one- 
cycle  fold  mountains,  though  the  great  length  of  the  period  that  has 
elapsed  since  the  folding  is  sufficient  in  itself  to  render  this  explanation 
extremely  doubtful.  In  recent  years  the  opinion  has  been  gaining  ground 
that  the  original  fold  mountains  were  more  or  less  completely  destroyed 
by  erosion  prior  to  an  uplift  which  initiated  the  sculpture  of  the  present 
ranges.  The  writer  has  now  put  forward  the  view  that  not  only  were  the 
fold  mountains  destroyed  by  erosion,  but  also  that  their  site  was  largely 
covered  by  younger  rocks,  and  that  the  later  uplifts,  to  which  the  present 
relief  is  due,  were  differential.  To  these  the  name  “  Kaikoura  orogenic 
movements  ”  is  applied.  The  features  to  which  they  gave  rise  are  still, 
in  some  parts  of  New  Zealand,  well-preserved  block  mountains,  and  practi¬ 
cally  everywhere  the  tectonic  nature  of  the  relief  is  still  recognizable. 
New  Zealand  may,  in  fact,  be  described  as  a  concourse  of  earth-blocks,  the 
highest  of  which  lie  on  the  north-east  and  south-west  axis  of  the  land- 
mass. 

The  initial  surfaces  of  the  blocks-  over  a  large  part  of  the  region  were 
portions  not  of  a  previously  eroded  land  surface,  but  of  a  plain  of  deposition, 


*  C.  A.  Cotton,  The  Structure  and  Later  Geological  History  of  New  Zealand, 
Geological  Magazine,  dec.  6,  vol.  3,  pp.  243-49,  314-20,  map,  illus.,  1916  ;  Block 
Mountains  in  New  Zealand,  American  Journal  o/  Science,  ser.  4,  vol.  44,  pp.  249-93,  map, 
diagrs.,  illus.,  1917. 
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mainly  marine.  The  sedimentary  cover,  largely  a  marine  but  partly  a 
fluviatile  deposit,  lay  (and  in  places  still  lies)  upon  a  planed  surface  of  an 
undermass  of  complex  structure. 

The  covering  strata  are,  in  general,  relatively  weak,  consisting  in  great 
part  of  mudstones  and  incompletely  indurated  sandstones.  .  Somewhat 
more  resistant  than  these  are  beds  of  limestone,  and  there  are  some  masses 
of  resistant  cemented  conglomerate,  and  in  some  districts  lava  sheets 
interbedded  with  the  other  covering  strata  ;  but  these  hard  rocks  are 
relatively  rare,  and  are  weakened  by  being  interbedded  with  the  softer 
strata  of  the  cover. 

In  contrast  with  the  covering  beds  the  rocks  of  the  undermass  are 
generally  highly  resistant.  In  northern  Nelson  these  are  indurated  shales 
or  slates,  quartzite,  quartz  schist,  crystalline  limestone,  and  intrusive 
granite,  the  limestone  being  the  weakest  member.  In  other  parts  of  New 
Zealand  by  far  the  most  common  rocks  are  the  indurated  greywacke 
sandstones  commonly  ascribed  to  the  Maitai  system,  except  in  western 
Otago,  where  gneissic  and  plutonic  rocks  occur,  and  in  Central  Otago,  where 
the  undermass  consists  entirely  of  schist  containing  abundant  quartz,  and 
forming  a  rock  that  is  very  resistant  as  compared  with  the  unconsolidated 
sands  and  clays  forming  the  cover  in  that  district. 

In  the  deformation  that  produced  the  initial  forms  from  which  the 
main  topographic  features  haye  been  carved  there  was  a  considerable 
development  of  strong  warping  as  well  as  faulting,  while  in  some  places 
the  covering  strata  were  compressed  -into  folds.  The  uplifted  blocks,  in  so  far 
as  they  are  not  all  bodily  uplifted  with  fault-boundaries  on  all  sides,  are 
in  part  anticlinal,  and  the  depressions  are  in  part  synclinal.  The  surfaces 
of  these  structural  units  or  blocks  in  the  initial  stage  were  in  part  hori¬ 
zontal  flat  areas  (high-  or  low-lying),  while  there  were  some  flat  back 
slopes  or  areas  of  surface  with  a  gentle  and  nearly  uniform  slope,  and  some 
fold  surfaces  or  areas  of  steeper  slope  not  necessarily  so  uniform.  The 
steep  surfaces  marking  the  boundaries  between  upland  and  lowland  blocks 
were  in  some  cases  fault-scarps,  but  in  other  cases,  where  monoclinal  folds 
replaced  faults,  they  might  be  termed  fold-scarps.  A  system  of  consequent 
drainage  was  established,  and  it  is  to  this  deformation  of  very  modern  date 
(geologically  speaking)  that  the  establishment  of  the  majority  of  the  New 
Zealand  rivers  way  be  assigned.  Some  rivers  which  now  cross  upland 
blocks  in  gorges  that  were  obviously  cut  during  the  uplift  of  the  blocks 
were  possibly  established  on  a  newly  emerged  coastal  plain  just  prior  to 
the  uplift,  in  which  case  they  will  now  be  strictly  antecedent,  or  they 
may  be  consequent  upon  the  relief  produced  by  the  first  movements  in 
the  great  deformation,  but  antecedent  to  the  later  movements,  for  all  the 
blocks  must  not  be  thought  of  as  moving  at  once. 

In  the  period  during  which  the  concourse  of  earth-blocks  forming  New 
Zealand  has  been  subjected  to  subaerial  erosion,  the  covering  beds,  except 
where  they  are  particularly  resistant,  have  been  removed  from  the  upland 
blocks ;  but  they  still  survive  on  low-lying  blocks,  generally  near  the 
coasts,  but  in  a  few  places  inland  in  intermont  basins  (formed  by  low- 
lying  surrounded  by  higher  blocks). 

Where  the  cover  is  removed  the  fossil  plain  upon  which  it  lay  is  either 
stripped  and  exposed  as  horizontal  or  gently  tilted  plateaux  which  are 
but  little  dissected,  as  in  Otago,  South  Canterbury  (fig.  I),  and  northern 
Nelson  ;  or  the  undermass  is  maturely  dissected,  as,  for  example,  over  the 
greater  part  of  the  Rimutaka,  Tararua,  and  Ruahine  Ranges,  or  in  the 
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Kaikoura  and  Seaward  Kaikoura  Mountains,  though  in  the  latter  cast, 
tilted-block  origin  is  still  apparent  in  the  broad  outlines  of  the  mountain 
masses  (fig.  2). 

The  covering  strata  on  the  low-1  ying  blocks  have  been  maturely  dis¬ 
sected,  and  over  large  areas  almost  completely  planed,  by  erosion  since 
I  the  deformation,  and,  as  a  rule,  much  of  the  present  relief  in  the  district 
still  covered  by  these  rocks  is  due  to  rejuvenation  brought  about  by 
recent  movements  of  uplift,  generally  regular  and  affecting  considerable 
areas,  so  that,  as  far  as  a  particular  district  is  concerned,  they  may  be 
classed  as  regional. 

The  fault-scarp  boundaries  between  the  high-  and  low-lying  blocks  are, 
as  a  rule,  dissected  to  the  mature  stage.  Rejuvenation  of  the  dissected 
scarps  by  renewal  of  movement,  with  the  formation  of  new  and  continuous 
scarps  at  the  base  or  the  production  of  sharp  facets  on  spur-ends,  has 
taken  place  very  rarely. 

It  is  known  from  the  occurrence  of  isolated  remnants  and  even  of 
scattered  residual  boulders  (sarsen  stones)  of  the  harder  beds  that  the 
covering  strata  were  widespread,  and  eroded  portions  of  them  occur  now 
along  the  bases  of  many  scarps,  while  it  is  clear  that  they  were  formerly 
present  along  others.  Clearly,  therefore,  the  basal  parts  of  the  scarps  as 
now  exposed  were  not  parts  of  the  initial  forms  :  or,  in  other  words,  the 
basal  parts,  having  been  exposed  by  erosion,  are  fault-line  scarps,  though  the 
higher  parts  are  true  fault-scarps.  Though  the  scarps  are  thus  composite, 
when  maturely  dissected  they  resemble  true  fault-scarps  very  closely. 

It  is  perhaps  in  Central  Otago  that  the  structure  and  the  history  of  the 
earth-movements  are  best  displayed  by  the  topography.  The  landscape 
is  a  mosaic  of  blocks.  A  group  of  the  lower-lying  blocks  determines  a 
chain  of  basins,  which  have  been  known  in  the  past  as  “  old  lake-basins,  ” 
though  it  is  not  clear  that  they  have  ever  been  occupied  by  lakes.  This  is  the 
chain  of  lowlands  followed  by  the  Otago  Central  Railway.  The  depressions 
occupied  by  large  lakes  farther  west — e.g.,  Wakatipu  and  Te  Anau — were 
perhaps  initially  of  the  same  nature,  but  they  have  been  profoundly  modi-* 
fied  by  glacial  erosion.  In  Central  Otago  the  covering  strata  are  largely 
of  terrestrial  origin,  and  have  been  preserved  over  considerable  areas  on  the 
low-lying  blocks  in  the  depressions,  though  only  a  few  remnants  survive  on 
the  higher  blocks.  The  configuration  of  the  higher  blocks  shows  very  clearly 
the  nature  of  the  deformation,  as  extensive  areas  of  the  fossil  plain  that  formed 
the  floor  on  which  the  cover  lay  are  preserved.  The  manner  in  which  the  fossil 
plain  is  warped  and  dislocated  is  clearly  seen.  The  majority  of  the  Central 
Otago  blocks  are  elongated,  trending  north-east  and  south-west,  and  are  more 
or  less  tilted  towards  the  north-west.  These  blocks  slope  down  gently  to  their 
north-eastern  ends  to  merge  with  the  chain  of  depressions  previously  referred 
to,  which  occupies  a  complex  fault-angle  depression  at  the  base  of  the  fault- 
scarps  bounding  a  complex  of  high  blocks  forming  the  northern  highland  of 
Otago. 

In  the  North  Island  the  mountain  blocks  from  which  the  covering  strata 
have  been  stripped  occupy  a  much  smaller  proportion  of  the  area  than 
in  the  South  Island,  and  the  individual  blocks  seem  to  be  larger.  The 
most  prominent  highland  block,  or  series  of  blocks,  is  that  forming  the 
Rimutaka,  Tararua,  Ruahine,  and  Kaimanawa  Ranges.  Along  the  eastern 
base  of  the  Rimutaka  Range  there  is  a  prominent  scarp,  and  a  broad 
fault-angle  depression — the  Wairarapa  Valley — lies  between  this  scarp  and 
the  back  slope  of  a  block  forming  the  east-coast  ranges. 
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NOTES  ON  FAILURES  OF  HIGH-TENSION 

INSULATORS.* 

By  E.  Parry,  Chief  Electrical  Engineer,  Public  Works  Department,  New 

Zealand. 

There  has  recently  been  an  excessive  number  of  failures  of  high-tension 
insulators  wherever  such  are  in  use,  and  in  some  instances  these  have 
been  so  serious  as  to  necessitate  the  reconstruction  of  a  number  of  trans¬ 
mission  -  lines.  To  this  phenomenon  a  general  term  has  been  applied, 
indicating  that  the  insulators  have  been  undergoing  deterioration  with 
time,  and  that  the  five  or  six  years  during  which  they  have  been  in  service 
have  been  sufficient  in  some  cases  to  render  the  insulators  absolutely 
unserviceable. 

Various  opinions  have  been  put  forward  as  to  the  cause  of  the  alleged 
deterioration,  as  a  rule  differing  considerably.  The  difference  in  opinion 
is  due  to  the  fact  that  differences  in  climatic  conditions  result  in  giving 
prominence  to  one  or  other  of  the  numerous  causes  of  failure.  Where, 
moreover,  the  climatic  conditions  are  extreme,  failure  of  insulators  results 
from  causes  which  tend  to  obscure  a  fundamental  defect  that  is  only 
revealed  under  less  severe  or  more  equable  climatic  conditions,  such  as 
obtain  in  New  Zealand  :  in  consequence  several  factors  which  cause 
deterioration  are  eliminated,  leaving  only  one  agent  operative. 

A  number  of  insulator-failures  have  occurred  on  the  Lake  Coleridge - 
Christchurch  transmission-lines,  the  number  during  the  last  financial  year 
being  fifteen  insulators  out  of  a  total  of  5,500  ;  and,  whilst  this  is  remarkably 
low  as  compared  with  other  installations,  the  failures  are  serious  enough, 
entailing  as  they  do  a  considerable  addition  to  the  cost  of  maintenance 
and  some  inconvenience  to  power-users.  The  cause  of  failure  was  for  a 
long  time  obscure,  and,  for  the  reasons  stated  above,  experience  in  other 
countries  was  of  no  assistance  ;  but  ultimately  a  solution  of  the  problem 
was  reached,  which  it  is  the  purpose  of  this  paper  to  disclose. 

Before  discussing  cause  and  effect  a  description  of  insulators  in  use  on 
high-tension  lines  is  presented,  as  a  knowledge  of  the  design  and  properties 
of  these  insulators  is  necessary  in  order  to  understand  the  reasons  for 
their  failure. 

Eig.  I  is  a  drawing  of  the  insulator  used  on  the  Lake  Coleridge  lines. 
It  is  what  is  called  the  “pin"  type,  and  consists  of  four  separate  shells 
of  porcelain  about  \  in.  thick,  cemented  together  with  Portland  cement, 
which  fills  the  joint  between  the  shells.  The  inner  of  the  four  shells  is 
fitted  with  a  thimble  secured  to  the  shell  by  means  of  Portland  cement. 
The  insulator  is  fastened  to  the  bracket  arm  bv  means  of  a  bolt,  one  end 
of  which  is  screwed  into  the  thimble  previously  mentioned,  the  other  end 
being  fitted  with  a  nut  and  washer.  The  top  shell  is  grooved  for  receiv¬ 
ing  the  transmission-wire,  and  is  also  provided  with  a  grooved  neck  for 
receiving  a  clamp,  by  means  of  which  the  conductor  is  held  in  place.  The 
whole  of  the  exposed  surface  of  the  shells  is  glazed,  but  as  regards  the 
inner  surface  in  contact  with  the  cement  the  usual  practice  is  to  leave  it 
unglazed.  This  insulator  carries  three-phase  lines  at  a  pressure  of  66,000 
volts  between  phases,  which  voltage  is  approaching  the  limit  for  the  type 


*  Lecture  delivered  before  the  Technological  Section  of  the  Wellington  Philo 
sophical  Society,  10th  October,  1917. 
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of  insulator  shown  in  fig.  1  ;  and  whenever  the  line  voltage  exceeds 
80,000  volts  it  is  necessary  to  employ  a  different  type,  which  consists  of 
a  number  of  one-shell  or  two-shell  insulators  suspended  in  series  one  below 


Fig.  1. — Main-line  insulator,  66,000  volts,  Lake  Coleridge  -  Christchurch 

transmission  -line. 

the  other,  the  number  of  units  used  depending  on  the  voltage  of  the 
circuit,  and  to  some  extent  on  the  climatic  condition  prevailing  in  the 
district  in  which  the  lines  are  erected.  This  type  is  often  employed  for 
line  voltage  of  60,000  volts  and  under,  but  not  as  a  matter  of  absolute 
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necessity.  The  design  of  the  unit  varies  somewhat,  but  the  commonest 
form  employed  is  that  shown  in  fig.  2,  which  is  a  single-shell  insulator, 
six  of  which  are  arranged  in  series  for  use  on  a  110,000-volt  circuit.  Each 
insulator  is  fitted  with  a  metal 
cap,  which  is  secured  to  the 
porcelain  by  means  of  Portland 
cement. 

These  insulators,  as  is  well 
known,  are  made  of  porcelain, 
and  a  brief  summary  of  the 
properties  of  this  material  is 
now  submitted.  The  principal 
ingredient  of  porcelain  is  kaolin, 
a  hydrated  aluminium  silicate 
(Al203.2Si02  -f-  2H20),  pro¬ 
duced  by  the  decomposition  of 
feldspar.  The  composition  of 
insulator  porcelain*  as  made  in 
the  United  States  of  America  is 
said  to  be  50  per  cent,  of  kaolin 
and  ball  clay,  30  per  cent,  of  feld¬ 
spar,  and  20  per  cent,  of  silica,  and 
for  this  purpose  potassium  feld¬ 
spar  (K20.A1203 .6Si02)  is  pre¬ 
ferred.  The  feldspar  is  used  as  a 
flux  to  give  a  dense,  vitrified  body 
at  a  temperature  readily  attain¬ 
able,  and  silica  is  added  in  order 
to  extend  the  range  of  the  tem¬ 
perature  of  vitrification  and  to 
prevent  distortion.  Porcelain  as 
manufactured  for  insulators  has 
a  specific  resistance  of  2  X  1012 
megohms,  dielectric  constant  5*3, 
ultimate  limit  of  electrostatic 
stress  96,000  volts  (R.M.S.)  per 
centimetre  for  a  thickness  of 
1  cm.,  coefficient  of  linear  ex¬ 
pansion  with  temperature 
0-0000045  C.  to  0-0000065  C., 
compressive  strength  30  tons  per 
square  inch,  tensile  strength  3  tons 
per  square  inch,  and  vitrifying 
temperature  between  1,250°  C. 
and  1,300°  C.f  Although  porce¬ 
lain  is  an  excellent  dielectric 

at  ordinary  temperatures,  its  dielectric  strength  begins  to  fall  at  100°  C., 
and  at  300°  C.  is  very  poor  indeed,  whilst  it  becomes  fairly  conducting 
when  raised  to  a  red  heat. 


Fig.  2. — Suspension  insulator, 
110,000  volts. 


Buller  type, 


*  Metallurgical  and  Chemical  Engineering,  vol.  16,  No.  10,  p.  589,  1917. 
fl.  Lustgarten,  High-tension  Porcelain  Line  Insulators,  Jour.  Inst.  Elec.  Eng., 
vol.  49,  No.  214,  p.  235,  1912. 
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Regarding  the  Portland  cement  used  for  jointing  the  shells  together, 
and  the  shells  of  the  cap  and  thimble,  it  has  one  peculiar  property  which 
has  an  important  bearing  upon  its  use  in  this  connection — viz.,  that  hydra¬ 
tion  is  not  complete  when  the  initial  set  takes  place,  and  that  the  process 
of  hydration  goes  on  at  a  very  slow  rate  almost  indefinitely,  and  is  accom¬ 
panied  by  an  expansion  of  the  cement.  It  is  now  an  established  fact  that 
under  the  most  favourable  conditions  not  more  than  20  per  cent,  of  the 
cement  used  in  making  concrete  is  hydrated,  and  that  the  hydration  of 
even  this  amount  is  a  slow  process.*  Regarding  the  finished  insulator, 
the  special  features  and  properties  which  have  a  bearing  upon  the  life  or 
endurance  of  the  insulator  in  service  are  : — 

(1.)  The  difficulty  of  procuring  a  complete  and  thorough  vitrification  of 
the  porcelain,  giving  rise  to  isolated  patches  of  porous  porcelain  ; 

(2.)  The  unglazed  surface  at  the  cemented  joint ; 

(3.)  The  difference  in  expansion  with  temperature  of  the  porcelain  and 
the  iron  of  the  thimble  or  cap  ; 

(4.)  The  continued  hydration,  accompanied  by  expansion  of  the  cement. 

In  regions  where  the  climatic  conditions  are  severe  and  the  variation 
in  temperature  great,  failure  of  insulators  appears  to  result  more  frequently 
from  a  difference  in  expansion  or  contraction  between  the  porcelain  and 
iron  cap  of  the  type  shown  in  fig.  2,  which  puts  stresses  on  the  porcelain 
which  it  cannot  support.  Again,  a  humid  climate  promotes  the  hydration 
of  the  cement  at  the  joints  of  the  insulators  shown  in  figs.  1  and  2.  As 
the  cement  expands  with  hydration,  disruptive  forces  are  brought  into 
play  on  the  porcelain  which  it  cannot  resist,  and  failure  follows.  Failures 
will,  however,  occur,  though  less  frequently,  with  absence  of  extreme  con¬ 
ditions  of  temperature  and  humidity  ;  and  where  it  is  impossible  that  these 
agencies  can  become  operative  the  question  then  arises  as  to  the  cause 
of  failure,  should  such  occur.  In  the  case  of  failure  of  insulators  on  the 
Lake  Coleridge -Christchurch  lines,  it  was  impossible  to  accept  the  tempera¬ 
ture  theory  or  the  humidity  theory  without  considerable  qualifications. 

A  careful  study  of  the  subject,  accompanied  by  repeated  experiments 
made  at  the  Addington  substation,  and  compared  with  experimental  in¬ 
vestigations  elsewhere,  notably  in  the  United  States  of  America,  leads  to 
the  conclusion  that  the  ultimate  cause  of  failure  when  every  other  cause 
is  eliminated  is  to  be  found  in  the  lack  of  complete  vitrification  of  the 
porcelain.  This  condition  is  liable  to  occur  in  patches  or  spots  whilst  the 
rest  of  the  bulk  of  the  porcelain  may  be  perfectly  sound. 

Porcelain,  unless  thoroughly  vitrified,  is  porous,  and  if  such  a  con¬ 
dition  exists  at  the  joints  of  the  insulator  shown  in  fig.  1,  for  instance,  and 
if  the  surface  is  there  unglazed,  as  it  is  in  most  insulators,  moisture  will 
sooner  or  later  penetrate  the  porcelain  at  the  unvitrified  spot,  and  this 
will  inevitably  cause  the  insulator  to  fail  under  service  conditions.  The 
moisture  is  absorbed  from  the  cement,  which,  of  course,  is  wet  when  first 
applied  ;  and,  further,  a  dry  spell  of  weather  followed  by  a  cold  and  humid 
condition  of  the  atmosphere  will  cause  the  cement  to  absorb  moisture,  and 
this  will  in  turn  penetrate  into  the  unvitrified  portions  of  the  porcelain 
at  the  joint  between  the  cement  and  porcelain.  A  similar  action  takes 
place  under  ordinary  weather  conditions  if  the  line,  after  being  in  service 
during  the  day,  is  cut  out  during  the  night.  In  the  former  condition,  owing 
to  the  action  of  the  current  and  the  warmth  of  the  atmosphere,  the  moisture 
is  expelled  from  the  cement,  and  if  this  is  followed  by  a  cold  night  and  a 
humid  condition  of  the  atmosphere  the  cement  breathes  in  the  moisture 
and  transfers  it  to  the  porous  patch  in  the  porcelain,  with  the  result  that 
when  electric  pressure  is  applied  preparatory  to  putting  the  line  in  service 

*  N.  C.  Johnson,  Engineering  Record,  vol.  71,  No.  11,  p.  322,  1915. 
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such  insulators  fail  either  partially  or  completely.  Thus  the  cement  acts 
detrimentally  in  two  ways  :  it  expands  by  continued  hydration,  and  by 
exerting  pressure  in  the  porcelain  breaks  it  mechanically  ;  and  it  also  acts 
as  a  conductor  of  moisture  from  the  atmosphere  into  such  parts  of  the 
insulator  in  contact  with  it  as  may  be  in  a  porous  condition,  which  results 
in  failure  for  electrical  reasons.  Temperature  variation  also  acts  in  two 
ways  :  if  extreme  it  breaks  the  porcelain  by  unequal  expansion  of  the 
porcelain  and  the  metal  cap  or  thimble,  and  if  not  extreme  it  still  promotes 
absorption  of  moisture  in  the  presence  of  the  ordinary  amount  of  humidity. 

In  the  case  of  the  Lake  Coleridge  insulators,  where  extreme  conditions 
of  climate  do  not  prevail,  it  did  not  seem  at  all  probable  that  the  insulators 
failed  by  unequal  expansion  ;  neither  was  there  any  evidence  of  the 
expansion  of  the  cement  by  hydration  ;  and,  in  any  case,  it  was  not  con¬ 
sidered  that  the  insulators  had  been  long  enough  in  use  to  give  effect  to 
this  cause.  Finally,  after  observation  in  the  field  and  experiment  in  the 
laboratory,  combined  with  a  study  of  the  literature  on  the  subject,  the 
conclusion  was  reached,  as  already  stated,  that  porosity  in  the  porcelain 
was  the  prime  cause  of  failure. 

The  process  by  which  failure  takes  place  is  easily  explained.  Briefly, 
the  history  of  the  average  insulator-failure  is  as  follows  :  There  is  always 
present  in  the  atmosphere  a  number  of  free  electrons,  the  normal  density 
being  16,000  per  cubic  centimetre.  This  may  appear  a  large  number, 
but  when  compared  with  the  number  of  molecules  in  the  air  at  normal 
temperature  and  pressure  —  viz.,  27  X  101* —  the  number  is  infinitesimal. 
The  presence  of  free  electrons  renders  the  atmosphere  conducting,  for 
electrical  conductivity  in  any  material  is  determined  by  the  number  of 
free  electrons  in  it.  The  number  mentioned  is  not  sufficient,  however, 
to  render  the  atmosphere  conducting  to  any  appreciable  extent,  and  for 
practical  purposes  air  under  normal  conditions  is  regarded  as  the  best 
insulating-material  in  existence.  Air  is,  however,  defective  in  strength 
to  resist  certain  influences  which  tend  to  increase  ionization  to  such  an 
extent  as  to  render  it  conducting. 

Ionization  of  the  air  is  promoted  by  disruptive  collision  between  a  free 
electron  and  a  molecule  of  air,  but  although  frequent  collisions  take  place 
the  energy  is  not  sufficient  to  liberate  another  electron  from  the  atom.  The 
mean  free  path  of  an  electron  at  ordinary  temperature  and  pressure  is 
6  X  10-5  cm.,  but  this  length  of  path  is  not  sufficient  under  normal  con¬ 
ditions  to  enable  the  electron  to  acquire  sufficient  energy  to  ionize  by 
collision.  If,  however,  the  air  be  subject  to  an  electrostatic  stress  of 
29,800  volts  per  centimetre  or  more,  enough  energy  is  imparted  to  the 
moving  electron  to  detach  another  electron  by  collision  with  a  molecule 
of  air,  the  cumulative  effect  of  which  renders  the  air  a  conductor  of 
electricity. 

By  referring  to  the  pin  insulator  (fig.  1)  it  will  be  readily  understood 
that  there  is  a  region  of  high  electrostatic  stress  between  the  wire  or  clamp 
and  the  metal  thimble  into  which  the  bolt  is  screwed.  Linder  certain 
working-conditions  any  air-cavities  in  that  portion  of  the  porcelain  or  the 
cement  that  is  under  the  influence  of  high  electrostatic  stress  will  be  ' 
subject  to  ionization,  causing  local  heating  in  the  cement  or  porcelain, 
which  tends  to  crack  the  porcelain.  Many  insulators,  no  doubt,  fail  in 
this  way  ;  but  it  is  seldom  that  cavities  exist  in  the  porcelain,  and  the 
failures  from  this  cause  would  not  be  large.  Cavities  are,  however,  always 
present  in  the  cement,  and  it  is  possible  that  a  number  of  failures  occur 
owing  to  local  heating  of  the  cement  and  the  transfer  of  the  heat  to  the 
porcelain.  This  agency  can  become  operative,  therefore,  in  a  perfectly 
dry  climate  without  any  extremes  of  temperature,  and  is  due  simply  to  a 
combination  of  the  presence  of  cavities  and  of  high  electrostatic  stress  as 


1918.]  The  N.Z.  Journal  of  Science  and  Technology.  291 

the  result  of  a  surge  on  the  lines.  The  question  of  the  distribution  of 
electrostatic  stress  is  an  important  one  in  this  connection.  It  must  be 
conceded  that  a  porcelain  insulator  of  the  type  in  use  to-day  is  faulty 
when  regarded  from  an  electrical  standpoint,  as  it  tends  to  promote  a 
concentration  of  electrostatic  lines,  with  the  result  that  although  the 
average  density  may  be  within  safe  limits  even  under  extraordinary  voltage 
conditions  such  as  result  from  a  surge  of  voltage  on  the  line,  yet  the 
distribution  of  density  may  be  such  as  to  enable  the  density  to  exceed  the 
safe  limit  at  some  point  or  other,  a  condition  which  is  aggravated  by 
cavities  and  by  lack  of  vitrification  of  the  porcelain  in  the  path  of  the 
electrostatic  lines. 

Upon  regarding  the  design  of  a  high-tension  insulator,  as,  for  instance, 
that  depicted  in  fig.  1,  it  will  be  seen  that  it  favours  a  concentration  of 
stress  at  the  thimble,  in  proof  of  which  may  be  adduced  the  fact  that  a 
failure  of  the  inner  shell  is  more  frequent  than  any  other.  Insulators  have 
been  designed  which  satisfy  the  electrical  requirements,  notably  by  Randal,* 
but  there  seems  to  be  some  insuperable  difficulty  in  manufacturing  an 
insulator  so  as  to  satisfy  ideally  electrical  conditions,  and  we  are  perforce 
compelled  to  accept  a  compromise  between  the  possible  and  the  ideal.  In 
spite  of  this,  however,  a  high-tension  insulator  of  present-day  design  may 
be  regarded  as  perfectly  reliable  provided  only  that  the  porcelain  is 
thoroughly  and  completely  vitrified  in  all  its  parts  ;  and,  as  a  further 
precaution  in  the  event  of  a  defect  in  the  porcelain  occurring  in  the  critical 
range  between  the  clamp  and  the  thimble,  the  following  conditions  should 
be  observed  : — 

(1.)  The  interface  of  the  joints  should  be  glazed,  as  is  the  surface  of 
the  insulator  generally. 

(2.)  Some  non-porous  and  non-expanding  substance  should  be  employed 
for  jointing  purposes,  and  if  Portland  cement  be  used  for  this 
purpose  the  exposed  faces  should  be  coated  with  some  water¬ 
proof  varnish. 

(3.)  The  face  of  the  joint  between  the  shells  should  be  as  small  as 
possible,  and  set  horizontally,  with  a  recess  above  it,  so  as  to 
prevent  water  being  forced  against  the  cement  face  by  wind- 
pressure,  as  in  the  present  designs. 

Some  good  results  have  been  obtained  in  this  way  on  the  Lake  Coleridge  - 
Christchurch  lines,  where  the  practice  has  been  adopted  of  thoroughly 
drying  out  an  insulator  and  of  varnishing  the  cement  surface  before  the 
insulator  is  put  in  service,  and  so  far  no  insulator  thus  treated  has  failed. 

A  question  which  occurs  to  one  on  regarding  the  present-day  designs 
in  the  light  of  experience  is  whether  the  prevailing  form  would  have  been 
evolved  if  the  porcelain  had  been  thoroughly  and  uniformly  vitrified  as  a 
general  rule.  It  is  now  known  that  the  porcelain  used  on  high-tension 
transmission-lines  was  defective  from  the  first,  and  that  it  was  rather  an 
exception  than  the  rule  for  the  whole  of  the  shells  to  be  thoroughly 
vitrified  throughout.  Such  defects,  if  in  the  path  of  high  electrostatic 
stress,  would  cause  ionization  within  the  porcelain,  which  would  tend  to 
expand  and  to  appear  as  a  glow  on  the  outside.  This  in  turn  would  induce 
leakage-paths  over  the  porcelain,  to  be  remedied  by  extending  the  shells, 
and  so  give  rise  to  the  present-day  form.  It  is  a  question  for  manufacturers 
to  consider  whether  it  is  not  possible  to  produce  a  simpler  and  perhaps 
cheaper  form  of  high-tension  pin  insulator,  given  good  sound  porcelain 
and  a  mind  free  from  the  influence  of  present-day  designs. 

Fig.  3  is  a  photograph  of  two  insulators  which  have  failed  in  service 
by  being  punctured.  The  insulator  on  the  right  shows  a  hole  some  §  in. 


*  K.  C.  Randal,  Proc.  Am.  Inst.  Elec.  Eng.,  vol.  33,  p.  1215. 
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in  diameter  which  penetrates  all  four  shells.  In  the  insulator  on  the  left 
the  path  of  the  current  is  not  so  direct,  with  the  result  that  the  several 
shells  have  been  shattered.  The  manner  in  which  an  insulator  fails  is  a 
process  of  considerable  interest.  It  must  not  be  assumed  that  an  insulator 
succumbs  to  the  first  attack.  The  process  is  really  a  slow  one,  beginning 
with  a  hair-like  puncture  of  some  one  or  other  of  the  shells  as  the  result 
of  an  abnormal  voltage,  which,  however,  is  not  sufficient  to  cause  a 
complete  failure.  On  a  subsequent  occasion  when  an  abnormal  vokage 
occurs,  possibly  as  the  result  of  the  failure  of  an  insulator  in  some  part  of 
the  circuit,  the  insulator  which  suffered  injury  on  a  former  occasion  is  now 
weaker  to  resist  the  assault  and  suffers  further  injury  ;  possibly  a  second 
shell  is  damaged  by  hair-like  punctures,  which  are,  however,  sealed  up. 
The  next  assault  or  application  of  abnormal  voltage  succeeds  in  cracking 


Fig.  3. — -Damaged  insulators,  Lake  Coleridge -Christchurch  transmission-line. 

one  or  more  insulators,  due  to  the  generation  of  heat,  and  the  insulator 
is  now  ripe  for  a  final  breakdown.  The  first  wet  day  with  a  wind  in  a 
direction  which  is  favourable  for  driving  the  moisture  into  the  cracked 
porcelain  may  cause  the  insulator  to  fail  under  normal  service  conditions. 
A  surge  or  fluctuation  of  voltage  is  now  set  up  which  may  be  the  beginning 
of  a  long  series  of  attacks  upon  another  insulator  with  a  hidden  defect, 
sufficient  in  course  of  time  to  lead  to  complete  failure. 

Since  the  above  article  was  written  an  important  contribution  to  the 
subject  of  the  design  and  manufacture  of  porcelain  insulators  has  appeared 
in  the  Proceedings  of  the  American  Institute  of  Electrical  Engineers  A  It 
contains  an  improved  design  of  insulator  based  upon  a  theoretical  and 
experimental  study  of  the  subject  combined  with  a  knowledge  of  the 
ceramic  art. 


*  G.  I.  Gilchrest,  Application  of  Theory  and  Practice  to  the  Design  of  Trans¬ 
mission-line  Insulators,  Proc.  Am.  Inst.  Elec.  Eng.,  vol.  37,  No.  6,  p.  571. 
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PHENOMENAL  RAINFALL  AND  FLOODS  IN  THE 
NORTH  AUCKLAND  DISTRICT. 

By  J.  Wood,  Assoc. M.Inst.C.E.,  Resident  Engineer,  Public  Works 

Department,  Whangarei. 

On  the  2nd  and  3rd  February,  1917,  the  district  north  of  Auckland 
•experienced  phenomenal  rainfalls  and  was  visited  by  floods  much  higher 
than  any  previously  recorded.  The  district  that  suffered  most  lies  between 
the  Wairoa  River  and  the  Hokianga  River,  towards  the  west  coast,  and 
it  was  in  this  locality  that  records  were  taken  of  the  flow  of  the  rivers  in 
flood.  The  results  obtained  are  remarkable,  the  run-offs  from  the  drainage 
.areas  being  higher  than  any  records  that  have,  as  far  as  the  author  knows, 
•ever  been  recorded  in  any  country. 

A  plan  showing  the  rivers  that  were  gauged  for  flood-discharge,  and 
also  the  sites  of  the  rainfall-gauges  given  in  Table  I,  was  published  in  a 
previous  paper,  entitled  “  Floods  in  North  Auckland  District,”*  to  which 
the  reader  is  referred  for  other  aspects  of  the  subject. 


Table  I. — Daily  Rainfall,  in  Inches,  from  the  26th  January  to  the  6th 

February,  1917. 


■  Station. 

Jan.  20. 

Jan.  27. 

Jan.  28. 

Jan.  29. 

Jan.  30. 

1 

Jan.  31. 

Feb.  1. 

oi 

rO 

<D 

Feb.  3. 

Feb.  4. 

Feb.  5. 

Feb.  0. 

Total. 

Umawera 

0-13 

0-30 

0=10 

0=63 

' 

0=30 

1=20 

9=10 

0=12 

11=88 

Rangiahua  .  . 

0-20 

0-09 

0-17 

0-07 

1-09 

0=29 

0-54 

4=87 

4-06 

0-34 

•  e 

11=72 

Kohukohu  .  . 

,  . 

•  • 

•  • 

0=06 

0=57 

0=05 

0=10 

0=75 

3=60 

4=68 

0-31 

0=03 

10=15 

"Taheke 

0-08 

0-41 

1-07 

0=78 

0-31 

0=72 

0=78 

9=09 

1=75 

0=51 

0-35 

0=10 

15=95 

Wekaweka  .  . 

0-30 

0-25 

0-46 

0=07 

1=56 

0=72 

0=53 

5=20 

3=44 

0-22 

0-72 

0=03 

13=50 

Keretoki 

0-20 

019 

0*25 

0=05 

1=70 

0-35 

0=35 

5=50 

4=57 

0-24 

13=40 

Waimatenui  .  . 

•  • 

0-20 

0-14 

0=02 

1=62 

0=61 

0-63 

5=65 

4=14 

0-05 

0=37 

0-03 

13=46 

Pakotai 

•  • 

0-51 

0-54 

0-87 

0=18 

1=69 

1=75 

1-07 

4-83 

4=15 

0=55 

0=29 

16=43 

Wairua  Falls 

0-21 

0-05 

0-04 

0=21 

0=36 

0-17 

0=12 

3=09 

3=27 

0=05 

0=18 

0=02 

7=77 

Mangarata  .  . 

.  . 

o  . 

0=15 

0-21 

.  . 

0-85 

0-26 

2=43 

3-89 

0=26 

.  . 

8=05 

Whangarei  .  . 

0-28 

0-32 

0-33 

0-05 

0=75 

1-23 

0=47 

2-37 

1=76 

0=09 

7=65 

Table  I  gives  some  idea  of  the  phenomenal  character  of  the  rainfall 
•on  the  2nd  and  3rd  February.  At  no  fewer  than  six  rain-gauge  stations 
over  8  in.  was  recorded  for  these  two  days,  at  three  of  them  over  10  in.  of 
rain  fell,  while  at  two  of  these  stations  9  in.  was  recorded  for  one  day’s 
rainfall.  Another  thing  to  be  noticed  is  the  quantity  of  rain  that  fell 
■during  the  seven  days  prior  to  the  downpours  on  the  2nd  and  3rd.  The 
•effect  of  this  would  be  to  cause  a  complete  saturation  of  the.  ground,  which 
would  contribute  largely  to  the  high  rate  of  run-offs  recorded  below  on  the 
days  of  the  extraordinary  rainfall. 

In  Table  II  are  shown  several  rivers  which  were  investigated  by  the 
author  to  find  out  the  quantity  of  water  that  was  being  discharged  by  the 
floods  during  this  heavy  rainfall. 


*Proc.  N.Z.  Soc.  Civ.  Eng.,  vol.  4,  pp.  77-123,  1918. 
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Table  II. 


1. 

Name  of  River. 

2. 

Drainage 
Area,  in 
Square  Miles. 

3. 

Mean  Velocity 
of  Flood-water, 
in  Feet  per 
Second. 

4. 

Discharge, 
in  Cusecs. 

5. 

Discharge,  in 
Cusecs  per 
Square  Mile. 

6. 

Inches 

of 

Rain 

per  Hour 

. 

1.  Waikerikeri 

' 

2-8 

5-93 

5,692  . 

2,032 

3-16 

2.  Mangakorari 

4-5 

10-70 

8,025 

1,782 

2-80 

3.  Haha 

6-5 

13-20 

10,930 

1,681 

2-62 

4.  Opouteke 

12-0 

11-10 

19,738 

1,646 

2-57 

5.  Opouteke 

19-0 

13-95 

24,691 

1,299 

2-03 

6.  Opouteke 

30-0 

15-72 

36,659 

1,222 

1-91 

7.  Waimamaku 

30-0 

11-17 

31,136 

1,038 

1-60 

8.  Utakura  .  . 

38-0 

10-76 

32,587 

850 

1-33 

9.  Mangakahia 

98-0 

13-88 

71,200 

726 

1-13 

In  column  2  is  given  the  drainage  area  of  each  river  measured,  and  in 
column  4  the  discharge  in  cusecs  (cubic  feet  per  second)  at  the  highest  stage 
of  flood. 

The  mean  velocity  of  the  flood-water  was  calculated  after  obtaining 
the  hydraulic  mean  depth  and  the  surface  slope  of  the  flood-water,  by 
means  of  Kutter’s  well-known  formula,  V  =  c  y/RS 

In  column  5  the  discharge  in  cusecs  per  square  mile  is  given,  and  in 
column  6  the  discharge  in  cusecs  per  acre,  which  is  very  nearly  equal  to 
the  inches  of  rain  per  hour,  giving  an  equal  momentary  discharge. 

The  figures  in  column  5  are  very  high,  and  give  phenomenal  records 
for  run-off  of  rainfall  per  square  mile  of  drainage  area.  It  is  noticeable 
how  the  discharge  per  square  mile  decreases  with  the  increase  of  the 
drainage  area.  It  is  now  quite  generally  admitted  that  the  discharge  per 
square  mile  is  inversely  proportional  to  the  catchment  area,  and  that  it 
varies  in  the  ratio  of  A*  where  A  is  the  drainage  area  in  square  miles. 

In  the  diagram  are  shown  the  records  of  the  rivers  mentioned  in 
Table  II,  plotted  with  inches  of  rain  per  hour  as  ordinates  and  the 
drainage  areas  as  abscissae. 

On  this  figure  is  drawn  the  curve  of  an  equation  in  which  the  discharge 
in  cusecs  per  acre  varies  as  A*  where  A  is  the  drainage  area  in  square  miles. 
This  diagram  shows  that  the  flood -discharges  per  acre  obtained  by  the 
author  correspond  very  closely  to  the  above  equation.  A  close  relationship 
being  established  between  the  generally  accepted  idea  of  the  ratio  of  flood- 
discharge  to  drainage  area  and  the  records  obtained  by  the  author,  which 
seems  to  prove,  at  least,  that  the  records  are  fairly  reliable,  the  results  of 
the  run-off  are  still  remarkably  high.  The  author  has  very  little  reliable 
information  regarding  run-off  per  square  mile  of  rivers  in  other  districts 
in  New  Zealand,  but  those  that  are  available  are  very  much  lower  than 
any  he  has  here  recorded. 

It  was  estimated  that  in  a  flood  in  November,  1908,  in  the  eastern 
province  of  Cape  Colony,  when  much  damage  was  done  at  Port  Elizabeth, 
the  maximum  rate  of  flood  was  640  cusecs  per  square  mile  for  a  drainage 
area  of  35  square  miles.  This  figure,  however,  does  not  equal  that 
shown  in  Table  II  for  a  nearly  equal  area,  the  Utakura  River,  where 
the  run-off  is  850  cusecs  per  square  mile  from  a  drainage  area  of  38  square 
miles. 
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In  the  Panama  Canal  zone,  at  Alhajuela,  the  Chagres  River,  which  has 
a  drainage  area  of  427  square  miles,  gave  a  maximum  discharge  per  square 
mile  of  400  cusecs.  This  is  a  remarkable  discharge  from  such  a  large 
area,  particularly  as  much  of  the  area  is  in  dense  jungle.  To  compare 
this  with  the  discharge  per  square  mile  of  the  Mangakahia  River,  where 
the  drainage  area  is  more  than  half  cleared  of  bush,  the  ratio  of  A?  would 
give  a  corresponding  discharge,  for  an  area  of  427  square  miles,  of 
500  cusecs  per  square  mile.  This  is  25  per  cent,  above  that  given  for  the 
actual  discharge  of  the  Chagres  River,  where  measurements  were  very 
carefully  taken  ;  but  if  there  were  a  larger  proportion  of  cleared  land  on 
that  river  the  discharge  would  no  doubt  reach  500  cusecs  in  phenomenal 
floods. 

The  rainfall  in  the  Panama  Canal  zone  is  very  similar  to  that  of  the 
Mangakahia  Valley,  having  an  average  of  about  120  in.  to  130  in.  per 


Drc*  i  nofoje  Ore  as  in  Sep  Miles 

Diagram  of  the  records  of  the  rivers  in  Table  II.  Numerals  on  diagram 
refer  to  numbers  given  to  rivers  in  Table  II. 

annum.  It  would  be  interesting  and  most  instructive  to  be  able  to 
obtain  a  comparison  between  the  actual  rainfall  and  the  run-off  from  the 
drainage  areas,  but  unfortunately  the  rain-gauge  records  are  only  taken 
every  twenty-four  hours  (at  9  a.m.  each  day),  so  that  maximum  rates 
of  precipitation  which  might  be  compared  with  the  figures  in  column  6 
of  Table  II  are  not  available.  The  author  is  convinced  that  the  rate  of 
run-off  must  have  been  very  nearly  equal  to  the  rainfall,  if  not  quite  equal 
to  it.  The  relation  of  rainfall  to  run-off  depends  on  various  factors,  but 
principally  on  class  of  soil,  steepness  of  country,  and  saturation  of  the 
ground. 

The  country  in  which  the  floods  were  recorded  was  steep  country,  and 
the  soil  was  in  part  impervious  clay  soil  and  in  part  papa  rock,  from  which 
the  water  would  run  off  very  quickly.  The  state  of  saturation  of  the 
ground,  which  was  waterlogged  by  continuous  rain,  contributed  mostly, 
in  the  author’s  opinion,  to  the  rapid  rate  of  run-off,  and  this  confirms  his 
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belief  that  the  ratio  was  100  per  cent,  of  the  rainfall.  Experience  from 
accurate  gaugings  of  the  Wairua  River  also  bear  out  the  possibility  of  such 
a  ratio.  In  Table  III  is  shown  the  ratio  of  run-off  to  rainfall  for  the  Wairua 
River  for  each  month  of  1915. 


Table  III. — Percentage  of  Run-off  from  Wairua  River  for  the  Year  1915. 

(Catchment  area,  278  square  miles.)* 


1915. 

1 

Jan.  Feb. 

1 

Mar.  April 

May. 

June.  July.  Aug. 

Sept.  Oct. 

Nov. 

Dec. 

Rainfall,  in  inches 

1-50  0-57 

0-58 

3-39 

4-41 

4-23  7-00  8-54 

7-22  6-16 

315 

0-82 

Run-off,  percentage 

14  42 

16 

26 

62 

81  104  . . 

68  102 

71 

76 

*  Rainfall  is  average  of  three  rain-gauges.  August  record  of  river-heights  destroyed.  Run  off, 
August,  1914,  98  per  cent.  Total  rainfall,  1915,  52-5  in.  Average  run-off  for  year,  63  per  cent. 


It  will  be  seen  from  this  table  that  in  the  wet  months  of  the  year  the 
ratio  of  run-off  to  rainfall  is  over  100  per  cent.  The  yield  of  the  river  for 
each  month  was  calculated  with  considerable  accuracy  from  charts  showing 
automatically  the  height  of  the  river,  and  by  means  of  a  graph  giving  the 
discharges  corresponding  to  the  heights.  Unfortunately,  the  quantity  of 
rainfall  is  not  so  accurately  determined,  as  it  is  the  arithmetical  mean 
of  only  three  rain-gauges,  which,  although  well  distributed,  cannot  give  a 
close  record  of  average  rainfall  over  an  area  of  278  square  miles.  The 
figures  give,  however,  a  fair  indication  that  the  run-off  in  wet  seasons 
must  be  nearly  equal  to  the  rainfall.  The  condition  of  the  ground  in 
February,  1917,  would  be  very  similar  to  that  of  July  to  October  in  any 
other  year.  The  average  rainfall  in  the  Mangakahia  Valley  for  eight 
months  before  January,  1917,  was  10-4  in.  per  month. 

With  regard  to  a  ratio  of  run-off  exceeding  100  per  cent,  of  the  rainfall, 
Mr.  W.  C.  Reid,  in  a  paper  read  before  the  Institution  of  Civil  Engineers,* 
gives  from  a  catchment  area  a  yield  per  month  frequently  in  excess  of  the 
amount  of  rain  precipitated. 

Considering  the  run-off  from  the  Mangakahia  River,  Table  II  shows  a 
run-off  equal  to  1-13  in.  per  hour.  Table  I  shows  that  10  in.  of  rain  fell 
in  two  days  in  this  valley  ( i.e .,  at  Keretoki  and  Waimatenui).  The  rain 
ceased  at  1  p.m.  on  the  3rd  February,  and,  as  the  records  are  taken  at  9  a.m. 
each  day,  10  in.  of  rain,  fell  in  twenty-eight  hours.  This  fall  is  nearly  equal 
to  9-09  in.  in  twenty-four  hours  at  Taheke  on  the  2nd  February.  As  rain 
ceased  at  Keretoki  at  1  p.m.  on  the  3rd  and  we  have  a  record  of  4*57  in. 
on  that  date,  this  rain  must  have  fallen  at  the  average  rate  of  1-14  in.  per 
hour  for  four  hours.  The  station  observer  at  Waimatenui  states  that  he 
recorded  6  in.  of  rain  in  three  hours,  between  8  a.m.  and  11  a.m.,  on  the 
3rd  February,  a  rate  of  2  in.  per  hour.  If,  as  I  assumed  above,  the  run-off 
is  equal  to  the  rainfall,  the  records  obtained  of  the  flood-discharges  seem 
to  agree  fairly  well  with  the  rainfalls  recorded. 

It  is  interesting  to  note  that  the  curve  showing  rainstorm-intensities 
for  varying  periods  of  rainfall  at  Sydney,  N.S.W.,  gives  2  in.  per  hour  for 
a  storm  of  three  hours  duration,  and  1  in.  per  hour  for  a  storm  up  to  eight 
hours  duration.  A  similar  curve  for  Melbourne,  Victoria,  gives  0-66  in. 
per  hour  for  a  three-hour  storm  and  0-5  in.  for  a  four-hour  storm. 


*  Trans.  Inst.  Civ.  Eng.,  vol.  194,  May,  1914,  pp.  3-19. 
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ASTRONOMICAL  NOTES. 

It  is  intended  to  publish  in  this  column  notes  from  the  astronomical 
observatories  and  societies,  and  from  amateur  astronomers  of  New  Zea¬ 
land.  Contributions  to  this  column  are  therefore  invited,  and  should  be 
forwarded  to  the  Government  Astronomer,  Wellington. 

The  mean  time  used  in  these  notes  (unless  otherwise  stated)  is  civil 
mean  time  for  the  meridian  12  h.  east  of  Greenwich,  and  the  hours  are 
counted  from  0  to  24.  0  h.,  or  24  h.  =  midnight.  To  find  the  corresponding 

New  Zealand  civil  mean  time  subtract  30  minutes  ;  to  find  the  corre¬ 
sponding  Greenwich  mean  time  subtract  1  day. 

Phenomena,  1918. 


November. 


cl. 

2 

h. 

8 

m. 

6 

Moon  in  apogee. 

3 

1 

Neptune  in  quadrature  with  the  Sun. 

3 

14 

Mercury  in  aphelion. 

4 

1 

0 

Venus  in  conjunction  with  the  Moon 

Venus 

4°  25'  N. 

4 

4 

Jupiter  stationary. 

4 

9 

2 

New  Moon. 

4 

12 

Uranus  stationary. 

5 

12 

20 

Mercury  in  conjunction  with  the  Moon 

Mercury 

0°  24'  N. 

8 

5 

20 

Mars  in  conjunction  with  the  Moon 

Mars 

2°  29'  S. 

10 

8 

Mercury  in  conjunction  with  <5  Scorpii 

Mercury 

0°  13'  N. 

12 

4 

46 

Moon,  first  quarter. 

12 

17 

41 

Uranus  in  conjunction  with  the  Moon 

Uranus 

6°  6'  S. 

13 

0 

Neptune  stationary. 

17 

13 

Uranus  in  quadrature  with  the  Sun. 

17 

15 

30 

Moon  in  perigee. 

18 

19 

33 

Full  Moon. 

21 

13 

Saturn  in  quadrature  with  the  Sun. 

22 

7 

39 

Jupiter  in  conjunction  with  the  Moon 

Jupiter 

2°  48'  N. 

23 

12 

Venus  in  apogee. 

23 

15 

Sun  enters  sign  /  (Sagittarius). 

23 

23 

Mercury  at  greatest  heliocentric  latitude  south. 

24 

4 

42 

Neptune  in  conjunction  with  the  Moon 

Neptune 

4°  31'  N. 

24 

12 

Venus  in  superior  conjunction  with  the  Sun. 

25 

13 

Venus  in  conjunction  with  /3  Scorpii 

Venus 

0°  42'  S. 

25 

18 

39 

Saturn  in  conjunction  with  the  Moon 

Saturn 

6°  48'  N. 

25 

22 

25 

Moon,  last  quarter. 

29 

19 

12 

Moon  in  apogee. 

30 

15 

Mercury  at  greatest  elongation 

21°  30'  E. 

December. 

3 

23 

Venus  in  descending  node. 

4 

3 

19 

New  Moon. 

4 

3 

23 

Sun  eclipsed ;  annular  eclipse  invisible  in  New 

Zealand. 

4 

8 

25 

Venus  in  conjunction  with  the  Moon 

Venus 

0°  2'S. 

5 

22 

9 

Mercury  in  conjunction  with  the  Moon 

Mercury 

3°  31'  S. 

7 

6 

28 

Mars  in  conjunction  with  the  Moon 

Mars 

4°  29'  S. 

9 

13 

Mercury  stationary. 

10 

0 

25 

Uranus  in  conjunction  with  the  Moon 

Uranus 

6°  9'  S. 

11 

3 

Saturn  stationary. 

11 

14 

31 

Moon,  first  quarter. 

13 

0 

Mercury  in  ascending  node. 

15 

11 

Mars  at  greatest  heliocentric  latitude  south. 

15 

20 

Moon  in  perigee. 
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d 

h 

m . 

December — continued. 

16 

20 

46 

Mercury  in  conjunction  with  Venus 

Mercury 

1°  47'  N. 

17 

14 

Mercury  in  perihelion. 

18 

7 

17 

Full  Moon. 

19 

4 

Mercury  in  inferior  conjunction  with  the  Sun. 

19 

9 

Mercury  in  perigee. 

19 

13 

31 

Jupiter  in  conjunction  with  the  Moon 

Jupiter 

2°  39'  N. 

19 

18 

Jupiter  in  ascending  node. 

21 

13 

35 

Neptune  in  conjunction  with  the  Moon  .  . 

Neptune 

4°  29'  N. 

23 

3 

30 

Saturn  in  conjunction  with  the  Moon 

Saturn 

6°  54'  N. 

23 

3 

42 

Sun  enters  sign  >3  (Capricornus).  Solstice. 

25 

18 

31 

Moon,  last  quarter. 

27 

14  #Moon  in  apogee. 

27 

21 

.’STL  Mercury  at  greatest  heliocentric  latitude  north. 

29 

lO^L p[Mercury  stationary. 

Nova  Aquilae  No.  3. 

Professor  Edward  C.  Pickering,  in  the  Harvard  College  Observatory 
Bulletin  661 ,  makes  an  appeal  for  observations  of  the  brightness  of  Nova 
Aquilae.  The  bulletin  and  map  are  reprinted  herewith.  On  the  map  the 
magnitudes  of  the  stars  are  given.  If  observers  will  undertake  this  valuable 
work  and  send  in  their  results  to  the  Hector  Observatory,  Wellington,  the 
information  will  be  sent  on  to  Professor  Pickering.  Estimates  of  magnitude 
of  the  new  star  may  be  made  by  naked  eye  or  by  means  of  field  or  opera 
glasses  or  telescopes.  e  Adams, 

Government  Astronomer. 


HARVARD  COLLEGE  OBSERVATORY. 

Bulletin  661. 

The  appearance  of  Nova  Aquilae  No.  3  enables  any  person,  even  without  instru¬ 
ments  or  previous  experience,  to  make  observations  of  permanent  value  to  astronomy. 
The  only  other  very  bright  star  during  the  last  three  centuries  is  Nova  Persei  No.  2. 
During  the  first  five  months  of  its  appearance  it  underwent  curious  changes  in 
brightness  while  it  was  still  visible  to  the  naked  eye.  Similar  changes  occurred  in 
Geminorum  No.  2.  A  discussion  of  these  changes  by  Mr.  Leon  Campbell  is  given  in 
H.A.  48,  No.  2;  H.A.  76,  No.  9;  and  H.C.  204.  These  variations  were  sometimes  rapid 
and  irregular,  and  similar  variations  may  be  expected  in  Nova  Aquilae.  It  is  obviously 
desirable  that  this  star  should  be  watched  continuously.  Of  the  157  observers  of  Nova 
Persei,  almost  all  were  in  Europe  and  America,  in  longitudes  between  1  h.  east  and  8h. 
west.  When  the  Nova  is  below  the  horizon  in  these  countries  the  various  changes  are 
unknown.  It  is  important,  therefore,  that  observers  should  be  found  in  other  longi¬ 
tudes  to  supply  this  want — for  instance,  in  Brazil.  Egypt,  India,  Japan,  Australia,  New 
Zealand,  and  the  Sandwich  Islands.  Numerous  observations  are  also  needed  in  Europe 
and  America,  since  clouds  often  cover  a  large  part  of  the  country. 

The  observations  needed  are  of  the  simplest  kind.  The  accompanying  map  gives 
the  vicinity  of  the  Nova.  The  bright  star  in  the  lower  right-hand  corner  is  a  Aquilae,  or 
Altair,  which  is  nearly  north  soon  after  midnight.  The  numbers  give  the  magnitude  of 
each  star,  omitting  the  decimal  point.  The  larger  the  number,  the  fainter  the  star. 
Thus  the  two  stars  nearest  the  Nova  are  magnitudes  5’0  and  5*7.  If  the  Nova  is 
slightly  fainter  than  the  lower  star  and  much  brighter  than  the  upper  one,  it  might  be 
estimated  as  5T  or  5-2.  It  is  only  necessary  to  record  the  estimate  and  the  time  in 
hours  and  minutes,  and  send  the  results  to  Harvard  College  Observatory,  Cambridge, 

Mass.,  U.S.A.  Edward  C.  Pickering,  Director. 

Cambridge,  Mass.,  U.S.A.,  June  14,  1918. 

[This  notice  and  the  map  have  been  altered  to  suit  the  Southern  Hemisphere. — C.  E.  A.] 
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Star  map  showing  the  position  of  Nova  Aquilae, 
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DEPARTMENTAL  REPORTS. 

Fireproofing  and  Antiseptic  Treatment  of  New  Zealand 

Timbers.* 

(  Continued  from  page  246.) 

By  C  S.  Hicks,  M.Sc.,  A.I.C.,  F.C.S.,  New  Zealand  National 

Research  Scholar. 

PART  II. 

Effects  of  Temperature-changes  in  Wood  under  Treatment. 

Materials  used  in  Seasoning  Experiments. 

Discussion  of  Results. 

Effect  of  Treatment  on  Strength. 

Leaching  of  Zinc  Chloride. 

Appendix. 

Note  on  New  Zealand  Beeches  (commonly  called  “  Birches  ”), 
by  E.  Phillips  Turner. 

/ 

EFFECTS  OF  TEMPERATURE-CHANGES  IN  WOOD  UNDER  TREATMENT. 

Following  the  lines  of  investigation  laid  down  by  L.  M.  Hunt  in  the 
United  States  Forest  Products  Laboratory,  Wisconsin,  investigation  was 
made  into  the  rate  of  penetration  of  heat  into  the  centre  of  timbers  under 
investigation,  during  either  preliminary  steaming  or  steam-seasoning.  The 
essential  feature  of  seasoning  by  steam  is  that  the  wood  shall  be  heated 
right  through  to  the  temperature  of  the  steam-bath,  the  subsequent  vacuum 
then  hastening  the  removal  of  moisture  by  the  consequent  lowering  of  the 
boiling-point.  It  is  clear  that  unless  the  stick  is  heated  to  the  centre  the 
vacuum  will  fail  to  remove  all  the  moisture,  entailing  loss  of  efficiency  ; 
in  the  same  way,  excess  heating  achieves  no  further  object  in  so  far  as 
moisture-removal  is  concerned,  and  might  even  do  harm,  apart  from 
inefficiency.  Again,  the  object  of  the  vacuum  is  to  hasten  the  evaporation 
of  the  contained  moisture.  With  this  rapid  vaporization  loss  of  heat 
results,  and  any  further  holding  of  the  vacuum  past  the  point  where  no 
more  heat-units  are  lost  by  the  wood  results  in  economic  loss. 

The  object  of  these  experiments  then,  is  to  ascertain  —  (1)  Time 
required  to  enable  temperature  of  stick  to  attain  a  maximum  under  the 
conditions  ;  (2)  time  required  for  removal  of  the  maximum  amount  of 

moisture  under  the  conditions  of  the  test. 

The  methods  adopted  in  carrying  out  these  experiments  differ  from 
those  of  the  United  States  Forest  Service  in  some  of  the  practical  details, 
but  the  results  agree  so  closely  that  the  possibility  of  wrong  conclusions 
seems  remote. 

Apparatus. — The  pressure  cylinder  described  in  the  tests  on  impreg¬ 
nation  was  used,  the  only  difference  being  that  the  thermometer  was 

*  Abbreviated  from  report  presented  to  the  Chairman,  Research  Scholarship  Board, 
Otago  University,  on  the  21st  January,  1917,  and  printed  by  direction  of  the  Board 
-of  Science  and  Art. 
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replaced  by  one  with,  a  tall  initial  mercury  column,  the  bulb  and 
ungraduated  portion  of  the  stem  projecting  into  the  centre  of  the  test- 
piece  in  the  cylinder.  The  method  of  sealing  the  thermometer  into  the 
stick  was  adopted  after  several  trials,  and  showed  sufficiently  steady 
results.  A  hole  was  bored  into  the  piece,  of  just  sufficient  diameter  to 
take  the  thermometer,  and  a  steam-tight  gland  was  made  at  the  surface 
of  the  wood  by  sinking  a  rubber  collar  as  shown  in  the  subjoined  sketch  : — 


Fig.  4. — Diagram  (not  to  scale)  showing  method  of  arranging  thermometer. 

Dimensions  of  piece,  4  in.  by  2^  in.  by  2  ft.  6  in. 

Materials  used  in  Seasoning  Experiments. 

Fagus  Menziesii  (red-birch),  seasoned  and  green,  obtained  through  the 
courtesy  of  the  Assistant  District  Railway  Engineer,  was  used,  the 
green  wood  being  cut  on  the  25th  February,  and  the  tests  completed 
early  in  April,  1916.  Specimens  showing  checking  of  any  description 
were  discarded,  and  altogether  some  sixty  tests  were  made,  twenty 
under  each  condition.  The  results  obtained  were  based  on  the  most 
uniform  runs,  any  widely  deviating  results  or  results  obtained  from 
specimens  that  split  during  the  tests  being  rejected.  Taking  into 
consideration  the  variable  nature  of  the  material  used,  the  data  are 
remarkably  uniform,  and  quite  warrant  the  modification  of  Hunt’s 
method. 

The  conditions  of  the  tests  were  :  (1)  Saturated  steam  at  atmospheric 
pressure,  212°  F.  ;  (2)  saturated  steam  at  20  lb.  pressure,  259°  F.  ; 
(3)  creosote  at  (a)  212°  F.,  ( b )  185°  F. 
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Saturated  Steam. — Steam  was  admitted  at  the  pressure  required,  the 
air  being  allowed  to  escape  from  the  cylinder,  which  was  brought  to  the 
maximum  temperature  as  rapidly  as  possible.  The  theoretical  tempera¬ 
ture  corresponding  to  the  pressure  was  obtained  in  all  cases. 

Creosote. — The  oil  was  maintained  at  the  required  temperature  by 
means  of  a  steam-coil,  and  was  checked  continuously  by  means  of  the 
try-cock. 

Readings  were  taken  every  ten  minutes,  and  the  weight  of  the  piece 
was  taken  immediately  before  and  after,  as  well  as  twenty-four  hours  after. 
Graphic  representation  of  the  results  was  adopted,  since  by  this  method 
a  clearer  analysis  can  be  made.  To  gain  the  full  advantage  of  this, 
suitable  results  were  averaged,  and  a  general  curve  obtained.  The  smooth 
curves  are  obtained  from  unseasoned  wood ;  the  dotted  curves,  from 
seasoned  pieces  ;  other  curves  show  the  type  of  variation  obtained  amongst 
any  set  of  trials.  ^ Where  necessary  exceptional  curves  will  be  explained 
seriatim. 

Discussion  of  Results. 

No  change  ofytemperature  was  recorded  during  the  first  ten  to  fifteen 
minutes,  very  approximately  a  quarter  the  time  taken  in  Hunt’s  experi¬ 
ments  with  6  in.  by  8  in.  sleepers.  So  close  is  this  relationship  throughout 
these  tests  that  it  warrants  the  conclusion  that  any  of  the  data  obtained 
increased  fourfold  would  apply  with  working  accuracy  to  standard  railway- 
sleepers. 

Once  the  temperature  showed  a  rise  it  continued  steadily  falling  off 
in  rate  towards  the  end,  when  the  vacuum  was  drawn.  This  point,  called 
by  Hunt  the  “  end  ”  point,  was  considered  to  be  attained  when  the  rate 
of  rise  had  fallen  to  less  than  1-8°  F.  (1°  C.)  per  ten  minutes.  This 
point  was  reached  on  the  average  after  1  hour  45  minutes.  Continued 
heating  in  no  case  resulted  in  the  interior  temperature  reaching  that 
of  the  bath.  The  time  taken  to  reach  the  boiling-point  of  water  at 
the  centre  of  the  piece  averaged  45-60  minutes  (Hunt,  240  minutes). 
This  point  was  not  reached  in  any  of  the  low-pressure  steam  or  creosote 
trials.  (See  table.) 

Effect  of  Vacuum. — As  might  be  anticipated,  the  application  of  a  vacuum 
resulted  in  a  rapid  fall  in  the  interior  temperature  from  loss  of  heat  due 
to  evaporation.  From  the  rapidity  of  this  fall  one  might  conclude  that 
the  vaporization  takes  place  immediately  throughout  the  piece,  and  not 
from  without  inwards.  This  may  be  the  reason  for  marked  splitting  that 
occurs  upon  application  of  vacuum  at  high  temperatures,  since  the  pent- 
up  vapour  must  force  a  passage  to  the  exterior  direct,  and  not  slowly  from 
cell  to  cell.  The  effect  of  this  on  the  strength  of  the  timber  is  to  be  con¬ 
sidered  separately. 

Rate  of  rise  of  interior  temperature  was  greatest  with  steam  at  20  lb., 
and  least  with  hot  creosote.  As  shown  by  Hunt,  green  timber  required 
more  prolonged  heating  than  seasoned,  and  the  white  variety  of  beech* 
took  longer  than  the  red  wood. 

Changes  in  the  Moisture-content,  &c. — The  results  of  these  measurements 
were  not  so  good  as  was  anticipated.  Both  green  and  seasoned  wood  con¬ 
tinued  to  lose  moisture  during  the  first  twenty-four  hours  following  the 


*  Forwarded  me  by  District  Railway  Engineer  as  “  wliite-birch.” 
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treatment,  but  seasoned  timber  showed  variable  results  immediately  on 
withdrawal  from  the  cylinder.  Checking  was  badly  marked  in  some  pieces 
in  the  pressure  steam  tests,  but  not  in  the  low-pressure  and  creosote  trials. 
It  might  be  here  noted  that  in  similar  trials  using  zinc  chloride,  and  sodium 
fluoride  in  aqueous  solution,  splitting  seemed  to  be  affected  by  the  rapidity 
with  which  the  vacuum  was  drawn.  In  seasoning  and  impregnation  tests 
with  kamahi  ( Weinmannia  racemosa)  the  most  marked  change  was  con¬ 
traction,  the  timber  actually  shrinking  into  smaller  bulk.  This  shrinkage 
varies  in  degree  according  to  the  portion  of  the  tree  included  in  the  piece, 
and  thus  change  of  shape  arises.  It  would  seem  that  bulk  seasoning  in 
this  way — f.e.,  by  steam  treatment  before  cutting — might  minimize  this 
well-known  fault  of  kamahi.  Again,  straight  treatment  while  green,  with 
zinc  chloride,  seems  to  prevent  warping,  as  well  as  being  germicidal, 
although  one  cannot  be  decided  on  this  point. 

Summary . — For  application  to  cylinder  treatment  of  New  Zealand 
beech  the  following  general  statement  may  be  made,  making  allowance 
for  the  larger  size  of  the  timber : — 

(1.)  Average  time  to  raise  interior  of  sleepers  to  boiling-point  of  water, 
three  to  four  hours,  using  steam  at  201b. 

(2.)  Green  sleepers  tend  to  check  badly  under  high-pressure  steam  and 
vacuum  treatment ;  seasoned  timber  -does  not. 

(3.)  Beech  stood  pressure  treatment  with  aqueous  zinc  chloride  and 
sodium  fluoride  with  little  or  no  checking  when  seasoned. 

~wva 

(4.)  There  is  nothing  to  be  gained  by  holding  the  vacuum  for  more 
than  forty  minutes. 

(5.)  The  rapidity  with  which  the  vacuum  is  drawn  together  with  the 
maximum  temperature  attained  governs  the  degree  of  checking. 
High  temperature  and  rapid  evacuation  favour  checking,  low 
temperature  and  slower  application  of  vacuum  preventing  it. 

(6.)  The  interior  temperature  never  quite  attained  that  of  the  medium. 


TABULATED  RESULTS  OF  TEMPERATURE  MEASUREMENTS. 


Fig.  5. — Diagram  showing  changes  in  interior  temperature  under  steam 
at  20  lb.  pressure.  Curve  A  is  an  average  one,  while  I  and  II  are 
average  curves  for  seasoned  pieces. 
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Table  IX. — Some  Temperature  Data  on  Individual  Pieces  under  Steam  at 

20  lb.  Pressure. 


No.  of 

Temperature  of 

Initial 

Temperature  of 

Time  to  End 

Time  to  212°  F. 

Piece. 

Cylinder. 

Temperature. 

End  Point. 

Point. 

Deg.  F. 

Deg.  F. 

Deg.  F. 

Min. 

Min. 

1 

259 

70 

249 

105 

66 

3 

230 

65 

253 

100 

60 

4 

256 

75 

248 

108 

72 

7 

259 

60 

264 

108 

70 

8 

259 

65 

250 

106 

73 

9 

259 

65 

256 

94 

60 

13 

236 

70 

270 

96 

50 

14 

250 

69 

269 

90 

54 

17 

258 

65 

250 

100 

62 

19 

258 

60 

239 

110 

82 

Fig.  6.— Diagram  showing  changes  in  interior  temperature  under  steam  at 
atmospheric  pressure.  Curve  A  is  an  average  for  unseasoned  wood; 
I  is  for  seasoned  wood ;  II  represents  a  dense  piece  of  white-coloured 
beech  (commonly  known  as  “  white-birch  ”). 


Table 


X. — Some  Temperature  Data  on  Individual  Pieces  under  Steam  at 

Atmospheric  Pressure. 


No.  of  Piece. 

Temperature  of 
Cylinder. 

Initial 

Temperature. 

■ 

Temperature  of 
End  Point. 

Time  to  E 
Point. 

Deg.  F. 

Deg.  F 

Deg.  F. 

Min. 

3 

212 

65 

200 

102 

7 

212 

62 

195 

108 

8 

212 

67 

199 

114 

9 

212 

60 

198 

110 

13 

212 

69 

190 

100 

14 

212 

63 

200 

105 

17 

212 

60 

189 

107 

18 

212 

53 

202 

113 

19 

212 

61 

180 

112 

20 

212 

64 

188 

102 
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Time—  Minutes. 


Fig.  7.— Diagram  showing  changes  in  interior  temperature  under  treat 
ment  with  creosote  at  187°  and  212°  F.  Atmospheric  pressure. 

Curve  A,  average  for  unseasoned  wood  at  212° ;  I,  seasoned  wood 
at  same  temperature  ;  II,  unseasoned  wood  at  187°  F. 

Table  XL. — Some  Temperature  Data  on  Individual  Pieces  under  Treatment 

with  Creosote  at  Atmospheric  Pressure. 


No.  of  Piece. 

Temperature  of 
Cylinder. 

Initial 

Temperature. 

Temperature  of 
End  Point. 

Time  to  End 
Point. 

Deg.  F. 

Deg.  F. 

Deg.  F. 

Min. 

1 

212 

64 

173 

99 

2 

211 

64 

172 

102 

3 

212 

60 

179 

100 

4 

213 

67 

172 

98 

7 

212 

65 

180 

116 

10 

187 

58 

142 

107 

13 

188 

61 

139 

110 

16 

185 

67 

145 

108 

17 

187 

64 

146 

no 

19 

187 

68 

150 

105 

20 

183 

63 

160 

109 

EFFECT  OF  TREATMENT  ON  STRENGTH. 

Test  pieces  were  cut  approximately  12  in.  by  f  in.  by  §  in.,  and  were 
tested  for  rupture  strain  at  right  angles  to  the  grain,  strain  being  applied  at 
the  centre  of  the  piece,  which  was  supported  at  each  end.  Pieces  were 
impregnated,  and  controls  were  cut  from  the  same  stick  and  tested  without 
treatment,  care  being  taken  to  keep  the  number  of  rings  per  inch  the  same 
in  both  control  and  test  piece.  The  tests  were  conducted  in  the  Otago 
University  School  of  Mines,  under  the  guidance  of  Professor  J.  Park,  results 
being  calculated  according  to  the  formula — 


D2  x  B 

where  W  =  weight  in  pounds,  L  =  length  in  feet,  B  and  D  ==  breadth  and 
depth  in  inches,  N  =  constant  for  the  given  timber. 

In  all  cases  the  wood  was  treated  to  refusal  with  the  preservative,  and 
was  tested  when  the  moisture-content  had  been  lowered  to  the  original 
figure  before  treatment. 

20 — Science. 
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Table  XII. — Strength  of  Timber  before  and  after  Impregnation. 


Control. 

Test. 

Loss 

Salt. 

Weight,  in 
Pounds. 

N 

(Calculated). 

Weight,  in 
Pounds. 

N 

(Calculated). 

per 

Cent. 

Zinc  chloride  . . 


Sodium  fluoride 


Aluminium  sulphate 


f  400 

400 
350 
■{  385 

!  390 

370 
t  420 

f  400 

|  380 

i  384 

395 
I  385 

t  374 

359 
|  400 

.  386 

[_  397 

f  405 

|  380 

375 
370 
J  400 

^  400 

395 
359 
374 
385 


Aluminium  and  zinc 


948 

948 

835 

918 

931 

859 

990 

955 

910 

918 

933 

918 
900 
857 
955 

919 
950 
959 
910 
905 
859 
955 
955 
944 
857 
900 
918 

r 


360 

365 

310 

342 

349 
330 
373 
375 
365 
360 
345 
370 

350 

339 
357 
325 
355 
360 
300 

340 
335 
335 
355 
360 
345 
330 
350 
340 
320 
350 
355 
345 
325 
328 
330 
350 
324 


847  "j 
857 
729 
805 

820  | 

777 

880  J 
895  ) 

811 

859 

824 

883  > 

835  r 

809 

853 

847 

776 

859  1 

716 
811 
799 
799 
847 
859 
824 
787 
835 
811 
763 
835 
847 

824  i 

776  f 

783 

787 

835 

772 


11 


10 


10 


14 


Creosote. — Tests  with  creosote  gave  results  so  close  to  the  control  strength 
as  to  show  no  effect  on  the  wood.  Lignolite  and  Anti-damp,  which  were 
tested  as  samples  of  proprietary  preservatives  containing  low-boiling  hydro¬ 
carbons,  showed  an  increase  in  elasticity,  and  slight  rise  in  the  breaking- 
strength. 


LEACHING  OF  ZINC  CHLORIDE. 

Since  railway-sleepers  in  New  Zealand  are  exposed  to  considerable  moisture 
in  some  districts,  experiments  were  carried  out  with  a  view  to  determining 
the  rate  at  which  the  salt  leached  from  the  native  beech.  Pieces  of  Tagus 
Menziesii,  green  and  seasoned,  were  treated  by  the  full-cell  method  and 
then  placed  in  water,  the  amount  of  the  latter  being  maintained  at  a  constant 
level  throughout  the  tests.  The  wood  remained  submerged  for  one  day, 
and  then  was  removed  for  six  days,  the  object  of  the  treatment  being  to 
obtain  alternate  wetting  and  drying,  as  would  be  experienced  in  practice. 
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At  every  withdrawal  a  measured  volume  of  water  was  taken,  and  the  zinc 
chloride  estimated  by  titration  with  standard  silver  nitrate.  From  this 
the  quantity  of  salt  in  solution  was  computed.  The  rate  of  removal  of 
salt  from  the  timber  was  shown  graphically  by  plotting  the  percentage  of 
chloride  against  the  time  in  weeks. 

After  thirty-one  weeks  the  amount  of  leaching  had  fallen  to  such  an 
extent  as  to  be  negligible,  and  it  was  found  that  the  green  wood  had  lost 
27  per  cent.,  while  the  seasoned  wood  had  lost  19  per  cent.  ZnCl2.  It  will 
be  seen  that  under  these  drastic  conditions  some  25  per  cent,  of  the  salt 
is  leached  out  within  the  first  twenty  weeks,  the  greatest  loss  being  in  the 
first  six  weeks. 


Time— Weeks. 

Fig.  8.- — -Diagram  showing  leaching  of  zinc  chloride  from  Fagns  Menziesii. 
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APPENDIX. 

Note  on  New  Zealand  Beeches  (commonly  called  “  Birches  ”), 

by  E.  Phillips  Turner,  F.R.G-.S. 

Feigns  Solandri — The  most  common  name  of  this  tree  is  “  black-birch,” 
but  it  has  several  other  names.  In  the  Wellington  and  Marlborough  dis¬ 
tricts  it  is  called  “  black-birch  ”  ;  in  Canterbury  it  is  called  “black-birch,” 
“white-birch,”  “red-birch,”  and  “  brown-birch  ”  ;  in  Otago  it  is  known  as 
“  white-birch,”  “  black-birch,”  or  “  black-heart  birch.”  Young  specimens 
of  this  tree  that  have  no  dark  heart-wood  are  often  called  “  white-birch.” 
This  tree  is  a  beech,  and  it  would  do  away  with  confusion  if  it  was  called 
“  black-beech.” 

Fagus  Menziesii. — The  commonest  name  of  this  tree  is  “  silver-birch,” 
but  it  is  also  often  called  “  brown-birch,”  “  red-birch,”  and  “  white-birch  ” 
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in  different  localities.  It  would  be  best  to  call  it  “  silver-beech,”  though 
it  is  gaining  an  Australasian  reputation  as  “  Southland  beech.” 

Fagus  fusca. — In  Auckland  this  tree  is  called  “  black-birch  ”  ;  in  Wel¬ 
lington,  “red-birch”;  in  Nelson,  Marlborough,  and  Westland  it  is  called 
“brown-birch”;  and  in  Otago  it  is  called  both  “red-birch”  and  “bull- 
birch.”  The  most  suitable  name  is  “  red-beech." 

Fagus  cliff ortioides.- — This  tree  much  resembles  F.  Solandri,  but  it  is 
found  generally  only  at  high  altitudes  ;  it  is  unlikely  to  be  of  much  value 
as  a  timber,  though  it  is  of  great  use  to  retard  soil-erosion.  The  most 
suitable  name  for  it  is  “  mountain-beech.” 


Mean  Hourly  Values  of  the  Magnetic  Declination  and 
the  Horizontal  Magnetic  Force. 

By  H.  F.  Skey,  B.Sc.,  Director  of  the  Magnetic  Observatory. 
(Communicated  by  the  Surveyor-General.) 

Christchurch  Observatory.  (Latitude,  43°  31'*8  S. ;  longitude,  172°  37'*2  E.) 

Magnetic  Declination,  E.  16°  -(-  Tabular  Minutes  of  Arc. 


Year  1915. 


G.M.T. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual  I 

Means.  | 

h. 

/ 

/ 

/ 

/ 

'/ 

/  ' 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

0 

47-4 

46-1 

47-3 

47-1 

47-6 

47-8 

47-9 

47-5 

47-3 

48-2 

47-4 

48-2 

47-5 

1 

49-0 

48-6 

49-1 

48-9 

48-8 

48-7 

48-9 

48-9 

49-3 

50-3 

49-3 

49-7 

49-1 

2 

49-8 

51 Y 

50-6 

49-9 

49-5 

49*4 

49-8 

50-4 

50-8 

52-0 

50-6 

50-7 

50-4 

3 

49-2 

51-2 

50-8 

49-8 

49-5 

49-4 

50-4 

51-0 

51-2 

51-9 

51-8 

51-1 

50-6 

4 

48-5 

50-6 

49-9 

49-2 

49-2 

49-1 

49-9 

50-9 

51-0 

51-5 

51-7 

51*1 

50-2 

5 

47-9 

49-4 

48-5 

47-9 

47-8 

48-0 

48-7 

49-5 

50-0 

49-7 

51-2 

50-5 

48-9 

6 

47-1 

47-5 

47-0 

47-1 

46-9 

46-9 

48-0 

48-7 

48-2 

48-3 

49-7 

49-7 

47-9 

7 

46*9 

46-8 

46-7 

46-7 

46-8 

47-7 

48-0 

48-3 

47-6 

48-1 

48-5 

49-2 

47-6 

8 

46-0 

46-4 

46-3 

46-2 

46-4 

47-2 

47-7 

47-9 

47-5 

47-4 

47-6 

48-4 

47-1 

9 

46-0 

46-1 

45-6 

46-1 

45-5 

46-4 

47-3 

47-5 

47-2 

46-9 

47-4 

48-0 

46-7 

10 

45-6 

45-4 

44-9 

45-7 

45-9 

45*7 

470 

46-8 

46-6 

46-1 

45-7 

47-7 

46-1 

11 

45-3 

45-2 

44-9 

45-1 

46-0 

44-7 

46-7 

46-9 

46-4 

45-8 

45-1 

47-9 

45-8 

Noon 

45-4 

44-9 

45-2 

45-7 

46-2 

45-9 

46-8 

46-8 

46-6 

45-6 

45-6 

46-8 

46-0 

1 

45-6 

44-9 

45-4 

45-9 

46-5 

46-8 

470 

47-0 

46-4 

45-7 

45-5 

46-2 

46-1 

2 

45-3 

45-3 

46-0 

46-1 

46-9 

46-8 

47-3 

47-4 

47-2 

45-6 

45-7 

46-5 

46-3 

3 

45-3 

45-5 

45-8 

46-1 

47-0 

47-4 

47-6 

47-8 

47-5 

46-2 

46-1 

46-4 

46-6 

4 

45-2 

45-8 

46-0 

46-8 

47-4 

47-3 

48-1 

48-0 

48-0 

46-4 

46-8 

46-6 

46-9 

5 

451 

46-4 

46-1 

46-5 

47-1 

48-2 

48-0 

47-9 

47-6 

46-8 

46-7 

46-4 

46-9 

6 

44-1 

45-4 

45-7 

46-4 

47-0 

47-7 

48-0 

47-9 

47-8 

46-8 

46-1 

46-1 

46-6 

7 

42-8 

44-1 

45-0 

46-2 

47-0 

47-6 

47-6 

47-9 

47-2 

46-1 

44-9 

44-7 

45-9 

8 

41-7 

41-9 

44-0 

45-0 

46-5 

47-7 

47-6 

47-4 

46-0 

44-1 

43-0 

430 

44-8 

9 

41-5 

40-9 

42-9 

43-6 

45-9 

470 

46-9 

46-3 

44-7 

430 

41-8 

41-8 

43-8 

10 

43°2 

41-3 

43-3 

43-4 

45-5 

46-9 

46-5 

45-4 

44-6 

43-7 

42-6 

43-1 

44-1 

11 

44-9 

43-0 

44-5 

44-1 

45-7 

46-8 

46-3 

45-2 

45-3 

45-3 

44-6 

45-3 

45-1 

Monthly 

means 

45-8 

46-0 

46-3 

46-5 

47-0 

47-4 

47-9 

47-9 

47-6 

471 

46-9 

47-3 

47-0 

The  mean  value  of  the  magnetic  declination  for  the  year  1915  is  E.  16°  47/-0. 
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Magnetic  Declination,  E.  16°  -\~  Tabular  Minutes  of  Arc. 

Year  1916. 


G.M.T. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Means. 

h. 

, 

, 

/ 

/ 

' 

' 

/ 

, 

, 

/ 

0 

49-2 

50-0 

50-5 

50-5 

49-7 

49-8 

49-7 

50-4 

50-4 

5T2 

51-9 

52-1 

50-5 

1 

50-8 

52-7 

52-5 

52-5 

51-5 

50-8 

50-8 

51-3 

52-3 

53-5 

53-9 

54-0 

52-2 

2 

51-7 

54- 1 

53-2 

53-2 

52-5 

52-0 

52-0 

52-7 

53-7 

54-9 

55-5 

55-1 

53-4 

3 

51-6 

54-2 

53-2 

53-0 

52-6 

52-3 

52-6 

53-3 

54-6 

55-5 

55-6 

55-4 

53-7 

4 

50’5 

53-1 

51-9 

51-5 

52-1 

51*6 

52-2 

53-8 

54-3 

54-3 

551 

54-7 

52-9 

5 

49-7 

51-5 

50-9 

50-5 

50-5 

50-3 

51-5 

52-9 

53-4 

531 

54-2 

53-7 

51-9 

6 

49-1 

49-7 

49-8 

49-6 

49-3 

49-6 

50-6 

51-3 

51-4 

52-1 

52-5 

52-8 

50-7 

7 

491 

48-9 

48-9 

49-7 

49-8 

49-5 

50-2 

511 

51-0 

51-7 

51-8 

52-4 

50-3 

8. 

48-5 

48-8 

48-9 

48-6 

49-2 

49-1 

49-5 

51-0 

50-1 

49-8 

5T1 

51-4 

49-7 

9 

48-3 

48-6 

48-9 

48-8 

48-1 

49-2 

49-0 

50-6 

50-4 

50-2 

50-6 

51-2 

49-5 

10 

47-9 

48-3 

48-2 

47-8 

48-1 

48-6 

49-4 

50-2 

49-4 

49-1 

49-9 

50-5 

49-0 

11 

47-6 

48-1 

47-8 

47-7 

47-9 

48-4 

49-1 

50-1 

49-5 

49-1 

49-1 

50-2 

48-7 

Noon 

47-4 

48-2 

47-7 

47-8 

48-2 

48-4 

49-3 

49-8 

49-5 

49-6 

49-3 

50-0 

48-8 

1 

47-0 

47-9 

47-6 

48-0 

48-6 

48-9 

49-4 

50-3 

49-5 

49-8 

49-7 

50-1 

48-9 

2 

46-9 

48-0 

47-4 

48-8 

49-2 

49-3 

49-5 

50-1 

50-0 

50-3 

49-8 

50-1 

49-1 

3 

46-9 

48-2 

47-5 

48-8 

49-5 

49-7 

49-9 

51-0 

50-3 

51-1 

50-4 

50-6 

49-5 

4 

46-7 

48-1 

47-5 

49-1 

49-6 

50-1 

50-2 

51-5 

50-8 

50-4 

50-7 

50-5 

49-6 

5 

46-5 

48-2 

48-0 

49-4 

49-7 

50-2 

50-7 

51-5 

51-0 

50-7 

50-1 

50-0 

49-7 

6 

45-7 

47-0 

48-4 

49-5 

49-8 

50-2 

50-5 

51-5 

51-3 

50-1 

49-2 

48-7 

49-3 

7 

44-8 

45-8 

47-5 

49-0 

49-4 

50-5 

50-9 

51-3 

50-6 

48-8 

48-0 

47-1 

48-6 

8 

43-3 

44-2 

46-5 

47-9 

49- 1 

50-4 

51-0 

50-7 

50-1 

47-4 

46-1 

45-9 

47-7 

9 

431 

43-3 

45-3 

46-9 

48-4 

50-0 

51-0 

50-3 

48-4 

46-1 

45-2 

45-5 

47-0 

10 

44-0 

44-1 

46-1 

46-8 

48-4 

49-6 

50-3 

49-6 

47-7 

46-7 

46-3 

47-2 

47-2 

11 

46-2 

46-7 

47-9 

47-9 

48-7 

49-6 

49-8 

49-4 

48-2 

48-4 

48-6 

•49-3 

48-4 

Monthly 

means 

47-6 

48-7 

48-9 

49-3 

49-6 

49-9 

50-4 

51-1 

50-7 

50-6 

50-6 

50-8 

49-8 

The  mean  value  of  the  magnetic  declination  for  the  year  1916  is  E.  16°  49' '8. 


Horizontal  Magnetic  Force,  0’22. . .  C.G.S.  Unit. 

Year  1915. 


G.M.T. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Means. 

h. 

0 

378 

366 

373 

374 

383 

374 

375 

366 

363 

354 

352 

361 

368 

1 

398 

373 

380 

376 

380 

376 

372 

364 

363 

361 

357 

370 

373 

2 

408 

384 

390 

382 

382 

375 

371 

364 

366 

372 

365 

372 

378 

3 

415 

395 

392 

387 

385 

376 

374 

370 

373 

379 

376 

379 

383 

4 

418 

408 

398 

389 

390 

379 

380 

376 

379 

385 

384 

384 

389 

5 

421 

411 

393 

392 

388 

381 

384 

381 

383 

386 

385 

390 

391 

6 

420 

409 

394 

390 

390 

383 

385 

382 

380 

381 

385 

391 

391 

7 

418 

407 

397 

393 

392 

387 

384 

384 

381 

382 

381 

387 

391 

8 

415 

407 

397 

392 

391 

385 

384 

382 

379 

379 

381 

386 

390 

9 

414 

408 

401 

392 

395 

387 

388 

383 

382 

382 

380 

387 

392 

10 

413 

412 

402 

395 

396 

387 

386 

383 

384 

384 

382 

387 

393 

11 

414 

407 

i  404 

395 

399 

386 

387 

384 

382 

385 

381 

387 

393 
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Horizontal  Magnetic  Force ,  0'22.  .  .  C.G.S.  Unit — continued. 

Year  1915 — continued. 


G.M.T. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Means. 

h. 

Noon 

413 

410 

402 

396 

397 

384 

385 

385 

384 

382 

380 

386 

392 

1 

411 

408 

400 

397 

395 

386 

387 

384 

382 

383 

379 

383 

391 

2 

414 

406 

399 

397 

396 

385 

385 

384 

381 

381 

378 

379 

390 

3 

411 

406 

400 

396 

396 

387 

385 

384 

381 

382 

379 

380 

391 

4 

413 

407 

401 

398 

396 

383 

385 

385 

381 

384 

382 

379 

391 

5 

412 

408 

401 

398 

39  i 

388 

386 

387 

383 

384 

380 

381 

392 

6 

413 

408 

402 

399 

398 

390 

387 

387 

383 

381 

383 

381 

393 

7 

409 

405 

401 

401 

401 

391 

390 

389 

386 

386 

380 

382 

393 

8 

402 

398 

398 

397 

402 

393 

392 

392 

386 

379 

374 

374 

391 

9 

392 

386 

392 

390 

399 

394 

393 

391 

381 

368 

367 

364 

385 

10 

387 

374 

377 

383 

393 

393 

392 

387 

375 

358 

353 

358 

378 

11 

385 

366 

374 

376 

388 

387 

387 

380 

3.0 

355 

348 

356 

373 

Monthly 

means 

408 

399 

395 

391 

393 

385 

384 

381 

379 

377 

375 

|  378 

1 

387 

• 

The  mean  value  of  the  horizontal  magnetic  force  for  the  year  1915  is  0-22387  C.G.S. 

unit. 


Horizontal  Magnetic  Force,  O' 22.  .  .  C.G.S.  Unit. 

Year  1916. 


G.M.T. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Means. 

h. 

0 

362 

■ 

349 

329 

332 

340 

351 

344 

341 

327 

316 

324 

328 

337 

1 

370 

358 

335 

336 

340 

349 

341 

335 

326 

319 

334 

335 

340 

2 

382 

368 

340 

343 

338 

348 

340 

332 

330 

328 

34:0 

346 

345 

3 

388 

379 

348 

351 

344 

347 

340 

335 

334 

338 

355 

354 

351 

4 

392 

386 

354 

355 

349 

352 

342 

337 

340 

344 

360 

361 

356 

5 

395 

390 

357 

357 

349 

352 

347 

342 

343 

348 

361 

365 

359 

6 

394 

387 

356 

356 

351 

353 

349 

346 

344 

345 

360 

364 

359 

7 

396 

387 

359 

357 

351 

355 

348 

347 

344 

343 

359 

363 

359 

8 

396 

389 

357 

362 

354 

356 

349 

348 

344 

348 

360 

361 

360 

9 

395 

391 

362 

359 

356 

359 

349 

348 

346 

346 

359 

360 

361 

10 

397 

390 

363 

360 

356 

357 

348 

345 

346 

348 

358 

359 

361 

11 

397 

391 

364 

361 

356 

357 

347 

347 

349 

348 

362 

358 

361 

Noon 

394 

388 

362 

362 

357 

358 

349 

348 

349 

347 

359 

356 

361 

1 

392 

389 

36x 

366 

359 

359 

349 

347 

347 

346 

357 

357 

361 

2 

392 

386 

361 

363 

358 

359 

350 

348 

349 

345 

356 

356 

360 

3 

387 

386 

359 

362 

357 

358 

350 

346 

345 

344 

355 

355 

359 

4 

390 

386 

360 

362 

358 

359 

351 

347 

346 

345 

354 

354 

359 

5 

390 

386 

360 

362 

360 

360 

352 

349 

346 

345 

357 

356 

360 

6 

388 

386 

361 

365 

361 

362 

354 

351 

350 

346 

355 

351 

361 

7 

387 

385 

358 

364 

362 

363 

354 

354 

350 

343 

349 

349 

360 

8 

380 

376 

352 

359 

362 

364 

355 

357 

349 

337 

341 

337 

356 

9 

368 

365 

340 

350 

359 

365 

357 

358 

345 

328 

332 

327 

350 

10 

360 

353 

331 

343 

354 

363 

359 

354 

338 

320 

322 

321 

343 

11 

361 

347 

328 

337 

349 

357 

357 

351 

332 

316 

319 

323 

340 

Monthly 

means 

386 

379 

352 

355 

353 

356 

349 

346 

343 

340 

350 

* 

350 

355 

The  mean  value  of  the  horizontal  magnetic  force  for  the  year  1916  is  0-22355  C.G.S. 

unit. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 

Philosophical  Institute  of  Canterbury. 

August  7. — Mr.  L.  J.  Wild  exhibited  a  tube  of  soil  in  which  peculiar 
organisms  had  developed,  and  gave  a  short  address  on  “  Soil  Organisms 
and  the  Effects  of  the  Partial  Sterilization  of  Soils.” 

“  Daylight-saving  ”  :  Dr.  Earr,  Mr.  Birks,  and  Dr.  Hilgendorf  opened 
a  discussion  of  the  proposal  to  make  New  Zealand  standard  time  exactly 
twelve  hours  in  advance  of  Greenwich  mean  time.  A  lively  debate  ensued, 
and  finally  the  discussion  was  adjourned  to  a  later  date. 


Wellington  Philosophical  Society. 

The  following  papers  were  read  and  discussed  : — 

June  26  :  E.  Phillips  Turner,  “  Notes  on  the  Bate  of  Growth  of  New 
Zealand  Trees.”  July  24  :  G.  Hogben,  44  The  Need  for  Research  ”  ;  J.  Allan 
Thomson,  44  Stephen  Island,  a  Natural  Sanctuary  for  Land-animals  ”  ; 
Miss  M.  K.  Mestayer,  44  New  Species  of  Mollusca  from  various  Dredgings 
taken  off  the  Coast  of  New  Zealand,  the  Snares  Islands,  and  the 
Bounty  Islands  ”  ;  W.  J.  Phillipps,  “  A  Vernacular  Index  of  New  Zealand 
Fish.” 

Astronomical  Section. — July  3  :  A.  C.  Gifford,  44  New  Stars.”  August  7  : 
Members,  “  Notes  on  the  Occultation  of  7  Aquarii  by  Venus,”  44  Further 
Notes  on  Nova  Aquilae.” 

Geological  Section. — July  17  :  J.  Allan  Thomson,  “  Notes  on  the  Geology 
of  Stephen  Island  and  of  D’Urville  Island,”  44  The  Origin  of  the  Amuri 
Limestone  and  Flint  Beds  ”  ;  P.  G.  Morgan,  44  Permo-Carboniferous  (Maitai) 
Bocks  of  the  Eastern  Part  of  the  South  Island.” 

Technological  Section. — July  10  :  W.  S.  La  Trobe,  44  The  Functions  of 
the  State  in  Relation  to  Technical  Education.”  August  14  :  T.  H.  Easter- 
held,  44  The  Distillation  of  Coal,  and  the  Resulting  By-products.” 


Obituary. 

Mr.  Henry  Suter,  the  well-known  malacologist  and  palaeontologist, 
died  in  Christchurch  on  the  2nd  August,  at  the  age  of  seventy-seven. 
Mr.  Suter  is  best  known  as  the  author  of  the  Manual  of  the  New  Zealand 
Mollusca,  published  in  1914,  but  has  since  1911  been  engaged  by  the 
Geological  Survey  Department  in  the  revision  and  determination  of  Tertiary 
Mollusca,  and  is  the  author  of  three  Palaeontological  Bulletins.  A  full 
biographical  notice  will,  we  understand,  be  published  in  the  Transactions 
of  the  New  Zealand  Institute. 

News  has  reached  the  Dominion  that  Dr.  E.  A.  Newell  Arber, 
University  Demonstrator  in  Palaeobotany  in  the  University  of  Cambridge, 
has  died  recently  in  that  city.  Dr.  Arber  was  the  author  of  The  Earlier 
Mesozoic  Floras  of  New  Zealand ,  published  in  1917  as  Palaeontological 
Bulletin  No.  6  of  the  Geological  Survey.  Of  this  work  the  Director  of 
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the  Survey  states  in  his  letter  of  transmittal,  “  A  perusal  of  the  fol¬ 
lowing  pages  will  show  that  Dr.  Arber,  who,  solely  as  a  labour  of  love, 
undertook  the  work  of  examining  the  plant-remains  here  described,  has 
spared  no  trouble  and  no  pains  in  order  to  make  the  results  of  his 
investigations  so  complete  that  the  Mesozoic  botany  of  New  Zealand  will 
henceforward  be  established  on  a  firm  footing.  The  memoir  itself  will 
undoubtedly  become  a  classic,  indispensable  to  all  students  of  mesophytic 
floras.  ” 

Dr.  Arber  was  in  1914  elected  an  honorary  member  of  the  New  Zealand 
Institute.  Professor  W.  N.  Benson,  of  Otago  University,  writes  that  as  a 
former  student  under  Dr.  Arber  he  gratefully  recalls  his  great  merit  as  a 
lecturer,  the  wonderful  order  and  lucidity  of  his  presentation  of  his  subject, 
his  keeness  in  helping  his  students  forward,  and  his  kindly  hospitality  to 
them,  in  which  he  was  warmly  seconded  b}^  Mrs.  Arber,  herself  a  botanist 
of  much  distinction.  Dr.  Arber  contributed  much  of  importance  to 
science,  both  in  the  direction  of  pure  science  —  as,  e.g.,  his  work  on 
The  Glossopteris  Flora  —  or  in  the  economic  application  of  palaeo- 
botany,  of  which  perhaps  the  most  striking  example  is  his  study  of 
the  Kentish  coalfield,  which  is  entirely  concealed  beneath  the  Chalk 
and  other  Mesozoic  rocks,  and  in  which  the  mapping  of  the  probable 
position  of  the  coal-seams  depended  solely  on  a  minute  examination  of  the 
lithology  and  fossil  plants  in  drill-cores  of  bores  put  down  in  carefully  chosen 
localities. 

By  the  death  of  Mr.  Alexander  H.  Turnbull,  of  Wellington,  New 
Zealand  science  loses  one  of  its  best  friends.  Mr.  Turnbull  served  for  some 
years  on  the  Board  of  Governors  of  the  New  Zealand  Institute,  and  was 
always  ready  to  help  students  by  permitting  them  the  use  of  his  large  and 
varied  library,  and  by  placing  his  great  store  of  bibliographic  knowledge 
at  their  disposal.  His  library,  which  he  has  bequeathed  to  the  nation,  is 
best  known  for  its  historical  treasures,  but  it  is  equally  strong  in  beautifully 
bound  and  rare  editions  of  standard  literary  authors,  and  it  contains  not  a 
few  scientific  works  of  reference  which  are  unrepresented  in  any  other  library 
of  the  Dominion.  Some  years  ago  Mr.  Turnbull  presented  a  very  valuable 
Maori  collection  to  the  Dominion  Museum,  but  with  characteristic  modesty 
refused  any  public  acknowledgment. 


BRITISH  SCIENCE  GUILD. 

Established  in  1905,  the  British  Science  Guild  has  consistently  endeavoured 
to  bring  science  to  bear  on  all  issues  of  national  life.  The  original  objects 
were  thus  stated  : — 

(1.)  To  bring  together  as  members  of  the  guild  all  those  throughout  the 
Empire  who  are  interested  in  science  and  scientific  methods,  in 
order  to  convince  the  people,  by  joint  action  and  by  means  of 
publications  and  meetings,  of  the  necessity  of  applying  the 
methods  of  science  to  all  branches  of  human  endeavour,  and 
thus  to  favour  the  progress  and  increase  the  welfare  of  the 
Empire ; 
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(2.)  To  bring  before  the  Government  the  scientific  aspects  of  all  matters 
affecting  the  national  welfare  ; 

(3.)  To  promote  and  extend  the  application  of  scientific  principles  to 
industrial  and  general  purposes  ; 

(4.)  To  promote  scientific  education  by  encouraging  the  support  of 
universities  and  other  institutions  where  the  bounds  of  science 
are  extended,  or  where  new  applications  of  science  are  devised. 

The  awakened  interest  in  the  national  significance  of  scientific  method 
and  work,  although  precipitated  by  the  war,  has  undoubtedly  been  influenced 
by  the  work  of  the  guild,  and  the  appeal  now  being  made  for  increased 
support  is  well  based.  Branches  of  the  guild  are  active  in  Canada  and  South 
Australia.  The  subscriptions  are — Life  fellowship,  £10  10s.  ;  fellowship. 
£1  Is.  ;  life  membership,  £5  ;  membership,  10s. 


REVIEWS  AND  ABSTRACTS. 

Official  Volume  of  Proceedings  of  the  First  Australian  Town-planning 
and  Housing  Conference  and  Exhibition. 

This  volume  of  Proceedings  has  just  been  issued.  It  is  a  quarto  volume 
of  167  pages,  and  very  freely  illustrated  by  maps,  plans  of  villages, 
perspective  views  of  proposed  settlements,  and  elaborate  schemes  for  the 
improvement  of  Sydney. 

As  a  record  of  the  actual  proceedings  it  is  of  the  very  greatest  value. 
In  a  foreword  Mr.  Charles  Beade  states  that  it  was  impossible  to  embody 
all  the  discussions  which  took  place,  but  a  selection  of  the  views  expressed 
has  been  embodied  in  the  work  and  follows  the  printing  of  the  papers 
read. 

As  a  work  of  reference  it  is  not  of  the  same  value  as  a  record  of  facts, 
for  the  reason  that  a  very  great  number  of  opinions  were  expressed  by 
the  delegates  which  are  not  in  accordance  with  the  best  thought  of  modern 
town-planners.  It  appears  to  me  that  in  a  work  of  this  kind  no  statements 
which  are  not  in  accord  with  the  accepted  opinion  of  the  majority  of  town- 
planners  should  be  left  uncontradicted  or  unnoted.  It  would  be  a  much 
more  valuable  volume  if  it  was  very  carefully  edited  by  such  an  expert 
as  Mr.  Reade,  and  footnotes  placed  at  the  bottom  calling  attention  to  those 
statements  of  which  town-planners  do  not  approve.  For  expert  planners 
this,  of  course,  would  not  be  necessary — they  would  at  once  realize  that 
the  statements  expressed  are  erroneous  ;  but  the  publication  of  the  volume 
is  evidently  intended  to  create  a  sound  public  opinion. 

Those  interested  in  town-planning  methods  would  turn  to  the  volume 
for  advice  and  instructions,  and  find  on  one  page  a  statement  which  is 
contradicted  on  the  next  ;  and  discussions  often  do  not  appear  to  bear 
upon  the  essential  facts  and  purpose  of  the  paper  read.  The  discussions 
are  often  side-tracked  on  to  very  unimportant  details,  and  do  not  carry 
out  the  spirit  and  thought  of  the  writer  of  the  paper. 

Of  course,  the  very  valuable  papers  by  Mr.  Reade  himself,  by  Mr. 
Sulman  and  others  who  have  studied  town-planning  conscientiously,  can  be 
accepted  as  of  great  educational  value,  but  one  writer  states  that  it  is  a 
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mistake  to  found  village  settlements  outside  our  great  cities— that  we  should 
rather  endeavour  to  improve  and  increase  facilities  of  the  city  itself.  This 
bald  statement,  without  any  reasons  whatever  to  support  it,  is,  of  course, 
exceedingly  misleading.  If  there  is  one  thing  more  than  another  which 
town-planners  and  all  who  have  studied  the  housing  problems  of  to-day 
are  agreed  upon  it  is  that  the  only  means  by  which  civic  life  can  be  brought 
back  to  the  healthy  conditions  of  early  pre-machinery  days  is  by  founding 
seft-contained  village  settlements  or  garden  cities  on  the  virgin  soil,  quite 
apart  from  the  cities.  In  this  way  the  productiveness  of  the  country  and 
the  welfare  and  happiness  of  the  people  can  be  enormously  increased. 
The  problem  of  the  congested  city  would  then  automatically  right  itself, 
for,  given  attractive  settlements  away  from  the  city,  the  population  in 
congested  areas  would  migrate  to  them,  the  pressure  would  be  relieved  in 
the  city,  and  consequently  the  possibilities  of  improvements  arise. 

There  was,  I  regret  to  say,  only  one  paper  read  on  the  most  important 
subject  of  to-day — namely,  the  repatriation  of  our  returned  soldiers — 
and  the  writer  of  this  paper  urged  the  liberty  of  the  soldier  to  do  practically 
what  he  liked  with  money  to  be  advanced  to  him  by  the  State.  He 
considered  that  the  problem  had  very  little  to  do  with  town-planning, 
as  the  soldiers  might  wish  to  live  in  various  parts  and  erect  their 
homes  there.  This  I  consider  a  most  mistaken  idea.  It  is  not  in  accord 
with  the  very  exhaustive  report  presented  to  the  British  Parliament 
by  what  is  known  as  the  “Verney  Commission.”  They,  after  taking 
exhaustive  evidence,  came  to  the  carefully  considered  conclusion  that 
village  settlements,  not  for  returned  men  only  but  for  all  who  could  be 
induced  to  make  use  of  their  advantages,  should  be  founded  in  various 
parts  of  the  country,  and  the  British  Government  voted  the  sum  of 
£2,000,000  for  the  purpose  of  founding  two  such  settlements.  By  the 
cables  just  received  we  learn  that  £5,000,000  has  now  been  voted  for 
housing  schemes. 

During  the  conference,  too,  much  stress  was  laid  upon  forming  homes 
for  soldiers  and  forming  “  returned  soldiers’  settlements."’  This  would 
be  a  fatal  mistake,  and  it  is  quite  out  of  accord  with  the  views  expressed 
by  the  Verney  Commission,  which  insisted  —  and,  I  think,  quite  rightly  - — 
that  the  returned  soldier  must  as  soon  as  possible  take  his  place  in  the 
civil  life  of  the  country.  The  conditions  of  the  general  social  life  of  the 
country  must  be  improved  to  such  an  extent  that  he  can  enjoy  the  rest 
of  his  life  in  the  most  favourable  environment.  S.  H.  S. 

Briquetting  of  Iron-ores  and  Flue-dust. 

The  Briquetting  of  Iron-ores,  by  Guy  Barrett  and  T.  B.  Bogerson. 
Paper  read  at  Iron  and  Steel  Institute,  September,  1^17.  (See 
Engineering ,  vol.  104,  pp.  299-304,  Sept.  21,  1917.) 

The  Treatment  of  Blast-furnace  Flue-dust,  by  Eugene  B.  Clark, 
Paper  read  at  American  Iron  and  Steel  Institute.  (See  Engineer , 
vol.  118,  p.  190,  Aug.  21,  1914.) 

The  Briquetting  of  Iron-ores,  by  Chevalier  C.  de  Schwarz  (Liege). 
Journal  of  the  Iron  and  Steel  Institute ,  vol.  82,  pp.  9-29. 

The  conditions  for  successful  briquetting  are — (1)  The  briquettes  must 
resist  a  pressure  of  2,000  lb.  per  square  inch,  and  when  dropped  from  10  ft. 
on  to  a  cast-iron  plate  must  not  break  into  dust  ;  (2)  they  must  not 
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disintegrate  into  fragments  at  a  temperature  below  900°  C.  (1,650°  F.)  ; 
(3)  they  must  resist  weather  and  water  for  considerable  periods  ;  (4)  they 
must  resist  the  influence  of  steam  at  150°  C.  (300°  F.)  ;  (5)  they  must  possess 
porosity  to  such  a  measure  that  after  drying  they  absorb  about  15  per 
cent,  of  water  in  twenty-five  minutes’  soaking  ;  (6)  the  binding-medium,  if 
any,  must  be  relatively  free  of  sulphur,  phosphorus,  arsenic,  and  other 
substances  injurious  to  the  quality  of  pig  iron  or  steel ;  (7)  the  cost  should 
be  reasonable. 

Briquetting  by  Pressure  alone. — In  certain  cases  of  iron-ore  containing 
clay,  notably  at  Kertsch  (Russia)  and  Ilsede  (Germany),  briquettes  are 
manufactured  somewhat  successfully  by  pressures  of  4,000-5,600  lb.  per 
square  inch,  but  the  process  has  not  been  successful  in  those  cases  where 
the  ore  contains  no  binding-material.  By  applying  pressure  slowly  and  in 
two  separate  stages,  so  that  all  air  is  driven  out  before  the  final  pressure 
is  applied,  firm  briquettes  can  be  made  from  ore  or  flue-dust,  but  they  are 
too  dense,  and  will  not  resist  heat  even  when  pressures  up  to  14  tons  per 
square  inch  have  been  exerted.  The  process  offers  no  promise  of  success 
in  ordinary  cases. 

Briquetting  by  Pressure  and  Subsequent  Fusing— The  Grondal  process 
is  successfully  used  in  Sweden  on  magnetic  ore  which  is  ground  and 
concentrated.  The  briquettes  are  formed  at  moderate  pressures*  and 
heated  in  a  highly  oxidizing  flame  to  1,400°  C.]'  A  hard  and  porous  brick, 
quite  suitable  for  the  blast  furnace,  is  produced,  and  it  has  the  advantage 
that  the  Fe30  4  has  been  converted  to  Fe203,  which  is  more  easily  reducible, 
at  any  rate  under  blast-furnace  conditions.  The  kiln  used  is  of  the  gas- 
fired  tunnel  type.  The  cost  of  briquetting  per  ton  runs  to  about  3s.  in 
Sweden,  but  in  recent  installations  in  America  higher  costs,  up  to  8s.  per 
ton,  have  resulted.  The  fuel  used  in  the  kiln  (producer  or  blast-furnace 
gas  is  used)  is  equivalent  to  coal  equal  to  5  to  10  per  cent,  of  the  weight 
of  briquettes  produced. 

A  similar  process  is  in  use  in  America  for  treating  flue-dust  for  open- 
hearth  furnace  work,  and  is  quite  successful.  A  great  point  is  that  any 
sulphur  is  largely  burnt  out  in  these  processes. 

Briquetting  with  Binding -mediums. — The  hydraulic  properties  of  flue- 
dust  derived  from  contained  lime,  alumina,  and  soluble  silica  are  utilized 
in  the  Schumacker  process. J  Magnesium  chloride  is  usually  added  in 
small  quantities  (J  per  cent.),  and  a  briquette  formed  with  10  per  cent, 
of  water  at  a  pressure  of  about  3  tons  per  square  inch,  which  is  then 
air-hardened.  The  MgCl2  acts  merely  as  a  catalytic  agent,  and  other  salts 
(CaCl2,  FeS04)  or  acids  (H2S04,  HC1)  have  been  substituted  on  occasion. 
This  is  a  satisfactory  and  cheap  process,  probably  the  cheapest  of  the  true 
briquette  processes,  but  only  fresh  flue-dust  can  be  used,  and  great  care 
is  needed  to  produce  satisfactory  results. 

Schumacker  has  also  proposed  a  process  for  briquetting  ores  by  the 
addition  of  8  per  cent,  of  spathic  ore  (FeC03)  and  4  per  cent,  of  lime. 
The  pressure  used  is  6,000  lb.  per  square  inch,  and  the  briquettes  are  then 
steamed  for  four  to  six  hours  at  a  pressure  of  150  lb.  The  process  is  costly, 
and  has  been  used  for  open-hearth  purposes  only. 

The  Scoria  process  consists  of  adding  5  to  10  per  cent,  of  granulated 
slag  and  4  per  cent,  of  lime  to  the  ore  or  flue-dust.  With  flue-dust  the 


*  Probably  about  3  tons  per  square  inch. — S.  H.  J. 
f  To  enable  reduction  to  be  carried  on  by  CO.—  S.  H.  J. 

j  The  classification  of  the  Schumacker  process  under  this  heading  is  dubious. 
The  MgCl2  is  not  a  binding-medium. — S.  H.  J. 
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contained  lime  may  suffice.  The  mixture  is  made  hydraulic  (i.e.,  the  silica 
is  made  soluble)  by  steaming,  and  is  then  briquetted  at  1,500  lb.  per  square 
inch,  and  steamed  for  ten  hours  at  150  lb.  pressure.  A  good  but  costly 
brick  is  made,  which  is  quite  suitable  for  blast-furnace  use. 

In  the  Weiss  process  limestone  is  added  to  the  ore  together  with  5  per 
cent,  of  powdered  h}ffirated  lime.  Briquettes  are  made  at  2  tons  pressure, 
and  are  hardened  by  the  action  of  cold  C02  at  a  pressure  of  300  lb.,  and 
afterwards  by  being  exposed  for  about  four  hours  to  C02  mixed  with  waste 
gases  from  the  furnace  in  which  the  C02  is  made  by  heating  limestone. 

Another  process  adds  6  per  cent,  of  a  mixture  of  sand  and  slaked  lime. 
The  briquettes  are  made  hydraulic  by  superheated  steam. 

These  five  processes  all  depend  on  the  formation  of  the  gelatinous 
ferric  *  hydroxide  (Fe2G6H6).  The  last  four  are  costly,  both  for  initial 
outlay  and  working-expenses,  and  have  the  disadvantage  of  adding  a 
medium  containing  no  iron  to  the  briquette.  The  amount  of  handling 
required  is  also  a  drawback. 

The  Trainer,  Pioneer,  and  Pollacsek  processes  use  sulphite  liquor  (cell- 
pitch  from  the  preparation  of  paper-pulp)  as  a  binding-medium,  but  the 
financial  success  is  doubtful,  as  the  pitch  is  expensive. 

The  use  of  clay,  slaked  lime,  and  of  molasses  for  a  binding-medium 
has  been  extensively  tried,  but  each  has  been  abandoned  for  commercial 
reasons,  although  technical  success  has  been  achieved. 

In  other  cases  experiments  have  been  tried  with  various  binding- 
mediums,  such  as  silicate  of  soda,  silicate  of  potash,  asbestos,  basic  slag, 
naphthalin,  paraffin,  peat,  salt,  and  other  organic  and  inorganic  substances, 
but  “  as  there  is  no  reason  to  believe  these  will  ever  be  tried  again,  the 
author  does  not  consider  it  necessary  to  go  into  details  about  them."* 

Fusion  or  Vitrification  without  Pressure. — These  are  not  true  briquetting 
processes,  but  the  dust  is  agglomerated,  nodulized.  sintered,  or  clinkered 
by  heat.  Rotary  kilns  are  used  for  treating  ores  and  flue-dust  in  a  similar 
manner  to  the  burning  of  cement  clinker.  Powdered  fuel  is  generally  used 
for  heating,  but  gas  and  oil  have  also  been  used.  The  dust  in  its  passage 
through  the  rotating  kiln  (often  10  ft.  in  diameter  by  125  ft.  in  length)  is 
gradually  dried,  desulphurized,  and  finally  nodulized  to  lumps  varying 
from  a  pin-head  to  ljin.  diameter.  The  product  is  generally  magnetic 
and  therefore  refractory,  and  it  is  difficult  to  keep  the  walls  clear  of  the 
clinkered  ore  ;  but  the  process-  is  cheap  (under  4s.  a  ton  in  America),  and 
the  nodules  suitable  for  the  blast  furnace. 

In  the  Heberlein  pot  process  the  ore  is  agglomerated  by  heating  in  a 
pot  resembling  a  Bessemer  converter.  A  fire  is  built  on  the  grate,  and 
an  up -draught  of  air  at  a  pressure  of  15  in.  of  water  carries  combustion 
through  the  mass.  When  burning  is  complete  the  pot  is  tilted  and  the 
mass  broken  by  dumping  on  to  a  screen,  which  sifts  out  any  fines  remaining. 
A  hard  dense  sinter  is  made. 

The  G-reenawalt  process  uses  a  tilting  pan,  8  ft.  diameter  by  12  ft.  deep, 
on  the  grate  of  which  a  mixture  of  ore  and  up  to  11  per  cent,  of  coal  (or 
flue-dust)  is  ignited  by  an  oil  flame,  and  combustion  is  then  completed  by 
a  down-draught. 

The  Dwight-Lloyd  apparatus  comprises  a  series  of  pans  carried  on  an 
endless  conveyor.  On  the  grates  of  these  pans  ore  and  fuel  is  fed  from  a 
chute  and  ignited  by  oil  or  gas.  Combustion  is  carried  downwards  by  an 


*  Mr.  de  Schwarz  has  probably  underestimated  the  ignorance  of  inventors  and 
the  gullibility  of  investors. — S.  H.  J. 
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air-current,  and  the  speed  adjusted  to  allow  complete  roasting,  which  takes 
from  ten  to  thirty-six  minutes.  On  the  down  and  return  journey  the  stuff 
is  dumped  on  to  screens. 

These  three  roasting  processes  are  very  suitable  for  both  ore  and  flue- 
dust  (if  not  too  carbonaceous),  and  give  relatively  low  cost  for  initial 
outlay  and  working-expenses.  The  cost  per  ton  varies  from  Is.  6d.  to  4s. 
in  America,  and  the  processes  are  making  great  headway  in  recent  years. 
Desulphurization  is  very  active  and  complete,  and  even  pyrites  can  be 
handled,  but,  of  course,  coal  free  from  sulphur  must  be  used.  In  each 
process  the  ore  must  be  tempered  with  water. 

Conclusion . — Briquettes  made  by  pressure  alone  are  seldom  satisfactory. 
The  Grondal  process  has  special  advantages  under  Swedish  conditions 
(where  low  furnaces  are  used  which  burn  charcoal),  but  seems  too  expensive 
elsewhere.  The  true  briquetting  processes  all  involve  separate  handling 
of  each  brick,  entailing  heavy  cost  and  much  breakage.  Even  the 
Schumacker  process,  which  avails  itself  of  the  existing  hydraulic  properties 
of  flue-dust,  has  been  superseded  by  a  roasting  process  at  the  Gelsenkirchener 
works.  The  rotary-kiln  process  is  still  the  most  largely  used,  but  the 
roasting  processes  are  making  rapid  headway  and  give  a  satisfactory 
briquette,  hard,  strong,  and  sufficiently  porous. 

In  conclusion,  ore-briquetting  or  sintering  is  far  from  being  a  simple 
operation,  and  every  material  or  ore  requires  experimental  treatment  before 
expensive  plant  is  erected  on  experience  elsewhere.  The  cost  is  greatly 
affected  by  local  conditions  of  freight,  labour,  facilities  of  plant,  &c.,  and 
particularly  liberal  allowances  for  the  optimism  of  inventors  seem  rendered 
necessary  by  past  experience. 

Abstractor’s  Note. 

The  briquetting  of  iron-ores  and  flue-dust  has  been  practised  for  many 
years  with  varying  success  ;  but  modern  mining  with  high  explosives, 
modern  bulk  methods  of  transporting  ore,  and  modern  high-pressure  blast 
have  increased  the  percentage  of  fine  ore  and  flue-dust  available,  and  made 
the  question  one  of  great  importance.  New  Zealand  is  vitally  interested 
in  the  problem  because  briquetting  offers  the  most  obvious  method  of 
attacking  Taranaki  ironsand.  It  is  noteworthy  that  a  very  early  proposal 
for  the  briquetting  of  ores  was  made  before  the  Wellington  Philosophical 
Society,  in  1868,  bv  R.  Pharazyn.* 

New-Zealanders  are  apt  to  look  on  Taranaki  sand  as  a  unique  ore  of 
iron,  but  large  deposits  of  similar  sand  exist  in  other  places  (St.  Lawrence 
River,  California,  Naples,  &c.),  and  long  years  of  experimenting  have  failed 
to  bring  a  satisfactory  solution  of  the  briquetting  problem.  The  only 
case  in  which  briquettes  are  used  as  the  sole  burden  of  the  blast 
furnace  occurs  in  the  low  charcoal  furnace  of  Sweden  ;  in  America  a  burden 
of  25  per  cent,  briquettes  is  looked  on  as  very  good  practice.  It  may 
fairly  be  stated  that  no  process  of  briquetting  with  fancy  binding- 
mediums  will  be  successful,  and  sole  reliance  must  be  placed  on  the 
formation  of  the  sticky  ferric  hydroxide.  If  Taranaki  sand  is  ever  success¬ 
fully  treated  in  a  commercial  blast  furnace  (and  the  prospect  is  not  hopeful) 
it  will  probablv  be  after  preliminary  nodulizing  in  a  kiln  or  pot  process. 

S.  H.  J. 


*  R.  Pharazyn,  Suggestions  and  Experiments  on  the  Smelting  of  Taranaki  Iron- 
sands,  Trans.  N.Z.  Inst.,  vol.  1,  2nd  ed.,  p.  437. 
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The  Economics  of  Trochus  niloticus,  by  Charles  Hedley.  Australian 

Zoologist,  vol.  1,  pt.  4,  pp.  69-73,  plates  v-vi.  Sydney,  N.S.W.,  1917. 

Mother-of-pearl  was  at  one  time  obtained  chiefly  from  the  pearl-oyster 
(Meleagrina  margaritifera  L.),  which  is  not  a  true  oyster,  but  a  member  of 
the  Aviculidae.  The  demand  having  greatly  increased  in  recent  years, 
new  sources  of  supply  have  come  into  use,  one  of  the  most  important  of 
which  is  the  shell  Trochus  niloticus  L.,  which  ranges  from  Ceylon  to  Samoa, 
the  Loo  Choo  Islands,  and  the  tropical  coasts  of  Australia.  Trochus-fishing 
is  carried  out  on  the  Great  Barrier  Reef,  and  in  1916  the  export  was  950  tons 
of  shell,  valued  at  £23,000 — i.e.,  slightly  over  £20  per  ton.  There  are  also 
large  fisheries  in  New  Guinea,  the  Solomon  Islands,  and  Fiji. 

The  paper  under  notice  was  written  as  a  report  from  the  Special  Com¬ 
mittee  on  Marine  Biological  Economics  of  Tropical  Australia,  appointed 
by  the  Commonwealth  Advisory  Committee  of  Science  and  Industry. 
Mr.  Hedley  discusses  briefly  the  nomenclature  and  geographical  range, 
devotes  considerable  space  to  the  description  of  the  shell,  and  details 
the  methods  of  fishing  and  the  regulations  under  which  it  is  conducted. 
The  beautiful  plates  accompanying  the  paper  show  clearly  the  method 
of  cutting  the  buttons  from  the  shell. 

While  Trochus  niloticus  does  not  occur  so  far  south  as  New  Zealand, 
and  our  representatives  of  the  Trochidae  are  too  small  and  thin  for  economic 
purposes,  it  is  possible  that  another  family,  the  Turbinidae,  might  furnish 
some  suitable  material ;  one  member  in  particular,  Astraea  sulcata  (Martyn), 
is  large,  solid,  and  has  a  white  nacre.  Turbo  granosus  (Martyn)  is  also  solid 
and  white,  though  smaller.  Then,  too,  the  common  green  paua  ( Haliotis 
iris  Martyn)  would  probably  be  suitable  for  some  classes  of  buttons,  or 
for  other  ornamental  work.  M.  K.  M. 


CORRESPONDENCE. 

Proposed  Introduction  of  Animals  and  Plants. 

Sir, — The  paper  by  Mr.  H.  W.  Simmonds,  F.E.S.,  on  the  subject  of  the 
acclimatization  of  animals  in  New  Zealand,  which  was  published  in  the 
May  number  of  this  Journal,  is  one  that  requires  careful  consideration 
from  more  than  one  standpoint. 

From  a  natural-history  point  of  view  New  Zealand  has  probably  suffered 
more  than  most  countries  from  the  well-meant  but  uninstructed  efforts 
of  acclimatization  enthusiasts.  When  one  considers  the  numbers  of  exotic 
animals  (to  say  nothing  of  plants)  that  have  been  deliberately  introduced 
into  this  country  during  the  past  hundred  and  fifty  years,  it  is  really 
surprising  that  any  of  its  indigenous  animal  inhabitants  have  survived. 

The  average  person  who  advocates  acclimatization  experiments  appears 
to  think  that  foreign  animals  and  plants  can  be  introduced  into  a  country 
in  much  the  same  way  as  plums  can  be  introduced  into  a  pudding.  He 
has  not  the  slightest  conception  of  the  highly  complex  relations  and  delicate 
balance  that  exist  between  the  living  productions  of  a  given  region,  and 
he  consequently  imagines  that  when  he  has  succeeded  in  establishing  his 
thrush,  his  frog,  and  his  weasel  all  that  remains  for  him  to  do  is  to  sit 
down  complacently  and  pose  as  a  benefactor  of  his  country. 

I  regret  to  think  that  Mr.  Simmonds  appears  to  believe  in  the  plum¬ 
pudding  theory  of  the  relations  between  organic  beings.  While  he  is 
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evidently  quite  awake  to  the  danger  of  introducing  forms  of  life  that  are 
undesirable  from  the  economic  standpoint,  he  does  not  seem  quite  to 
realize  the  grave  menace  to  our  unique  fauna  that  must  result  from  the 
introduction  of  the  far  more  vigorous  productions  of  the  Northern  Hemi¬ 
sphere.  Neither  does  he  appear  to  appreciate  sufficiently  the  high  scientific 
interest  of  the  facts  of  geographical  distribution,  nor  to  realize  clearly  that 
the  absence  of  certain  forms  of  life  from  a  given  region  may  be,  to  the 
scientific  naturalist,  of  equal  interest  and  significance  to  the  'presence  of 
such  forms.  This  lack  of  appreciation  is  indicated  by  the  fact  that  some 
time  ago  Mr.  Simmonds  purposely  introduced  living  specimens  of  the 
remarkable  South  Island  butterfly  Argyrophenga  antipodum  into  the  North 
Island,  where  hitherto  it  had  not  been  found  to  occur,  and  has  thus  probably 
effaced  all  traces  of  one  of  the  most  interesting  and  significant  facts  of 
insect-distribution  in  New  Zealand. 

Mr.  Simmonds  suggests  in  his  paper  that  various  species  of  European 
and  Australian  mammals,  birds,  and  insects  should  be  introduced  into 
New  Zealand,  the  justification  for  such  a  step  being,  in  his  opinion,  that 
they  will  be  “  useful  ”  in  various  ways  and  will  also  add  a  charm  to  the 
countryside.  In  the  interests  of  our  native  fauna — a  fauna  that  is  pro¬ 
bably  the  most  interesting  in  the  world — I  must  enter  an  earnest  and 
emphatic  protest  against  his  proposal.  If,  for  example,  our  beautiful  and 
familiar  butterfly  Vanessa  gonerilla  were  brought  into  competition  with 
some  of  its  European  allies,  as  suggested  by  Mr.  Simmonds,  only  one 
result  would  be  likely  to  follow — namely,  its  extinction.  If  any  one  doubts 
this  let  him  read  the  wise  words  of  Charles  Darwin  in  the  Origin  of 
Species,  especially  in  Chapters  III,  IV,  and  XII.  It  is  a  fact  well  known 
to  naturalists  that  animals  and  plants  of  the  Southern  Hemisphere  are 
almost  invariably  beaten  in  the  struggle  for  existence  when  brought  into 
competition  with  the  living  productions  of  the  Northern  Hemisphere.  The 
latter  have  been  evolved  in  a  harder  school  than  the  former,  and  the 
southern  forms  have  but  a  poor  chance  of  survival  against  their  hardier 
and  more  vigorous  rivals  from  the  north.  We  in  New  Zealand  have  already 
seen  this  law  in  operation  :  witness  the  fate  of  so  many  of  our  beautiful 
native  birds,  which  have  been  unable  to  withstand  the  competition  of  the 
species  introduced  by  our  ignorant  predecessors.  It  is,  of  course,  true 
that  the  destruction  of  the  native  forests  (also  the  work  of  our  ignorant 
predecessors,  and  unfortunately  also  the  work  of  our  equally  ignorant  con¬ 
temporaries)  has  largely  contributed  to  the  extermination  of  many  of  our 
most  interesting  species,  and  it  might  with  truth  and  justice  be  maintained 
that  the  imported  animal  that  has  worked  the  greatest  havoc  among  the 
natural  productions  of  this  country  is  the  self-imported  animal  Man.  But  it 
is  at  the  same  time  undeniable  that  the  importation  of  foreign  forms  of  life 
has  wrought  untold  mischief  to  our  fauna  and  flora — mischief  that  no  man 
or  woman  who  loves  and  admires  this  beautiful  and  interesting  country 
can  contemplate  without  sorrow  and  shame. 

In  conclusion,  I  may  refer  Mr.  Simmonds  and  others  who  may  agree 
with  his  views  on  this  subject  to  section  39  of  the  Animals  Protection  Act, 
1908,  which  provides  (inter  alia)  as  follows  :  “No  society,  authority,  or 
person  shall  introduce  or  import  into  New  Zealand,  or  turn  at  large,  for 
the  purposes  of  sport  or  acclimatization,  or  as  game,  any  animal  or  bird 
whatever  without  the  consent  in  writing  of  the  Minister.” 

It  is  to  be  hoped  that  no  Minister  of  the  Crown  who  has  a  due  sense 
of  his  responsibilities  will  ever  be  a  party  to  any  course  of  action  that  will 
further  imperil  the  existence  of  our  native  fauna  and  flora. 

E.  F.  Hawthorne. 

Department  of  Lands  and  Survey,  Wellington,  28th  June,  1918. 
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Sir, — In  the  May  number  of  the  Journal  Mr.  Hubert  W.  Simmonds 
writes  interestingly  on  the  subject  of  the  introduction  of  plants  and  animals 
into  New  Zealand.  While  recognizing  that  Mr.  Simmonds’s  ideas  are  based 
on  such  excellent  sentiments  as  a  love  of  nature  and  a  desire  to  increase 
the  opportunities  for  the  enjoyment  of  the  same,  I  still  find  myself  in  direct 
opposition  to  his  proposals.  For,  if  carried  out,  Mr.  Simmonds’s  suggestions 
would  end  in  taking  away  from  New  Zealand  whatever  of  special  interest 
its  natural  productions  exhibit,  and  replacing  this  by  a  conglomerate  mixture 
characteristic  of  nowhere  in  particular.  He  would  introduce  warblers  and 
robins  and  wagtails  froifi  Australia,  bee-eaters  and  kingfishers  from  Africa, 
tits  and  other  birds  from  Great  Britain,  Australian  marsupials  and  European 
tree-frogs,  chameleons  from  South  Africa,  and  Lepidoptera  from  all  parts 
of  the  world.  The  mere  perusal  of  such  a  list  fills  me  with  shuddering 
horror.  That  we  should  deliberately  endeavour  to  supersede  what  is  left 
of  our  interesting  fauna  and  flora  by  swamping  it  with  the  wholesale 
introduction  of  forms  from  other  lands  is,  to  me,  a  most  regrettable  pro¬ 
posal.  That  our  native  plants,  our  birds,  and,  to  a  less  extent,  our  insects, 
are  not  so  prominent  as  formerly  is  true,  but  that  is  only  a  strong  reason 
for  cherishing  what  remains.  What  is  wanted  is  the  fostering  .of  a  taste 
for  our  natives.  How  often,  in  gardens,  both  public  and  private,  do  we 
see,  instead  of  our  beautiful  and  graceful  toetoe,  the  stiff  and  inelegant 
clumps  of  the  pampas  grass  !  If,  in  all  our  public  gardens,  a  portion  were 
set  apart  for  New  Zealand  plants  only  I  venture  to  say  that  it  would 
prove  of  more  interest  than  any  other  part  of  the  grounds.  Roses  and 
sweet-peas  and  daffodils  are  not  of  great  interest  to  visitors  from  other 
lands — they  have  probably  seen  finer  examples  elsewhere — but  the  clematis, 
the  toetoe,  the  mountain-lily,  the  spear-grass,  the  purple-hearted  olearia, 
the  alpine  celmesias,  and  a  hundred  others,  these  they  are  not  familiar 
with. 

And  there  is  another  aspect  of  the  question.  Every  introduced  species 
acts  adversely  on  the  indigenous  forms.  We  have  a  very  great  deal  yet 
to  learn  about  our  animals  and  plants,  and  any  action  calculated  to  prevent 
the  acquiring  of  such  knowledge  is  to  be  deprecated. 

As  to  the  economic  value  of  the  introduction  of  such  forms,  that  is  a 
most  difficult  question.  The  introduction  of  natural  enemies  has,  of  course, 
been  a  marked  success  in  some  instances,  but  there  are  not  wanting  cases 
in  which  a  species  perfectly  harmless  in  one  country  has  proved  a  perfect 
pest  when  introduced  into  another. 

Mr.  Simmonds  suggests  that  the  marsh-tit  would  help  in  the  eradication 
of  the  flax-grub.  But  the  marsh-tit  is  not  a  nocturnal  bird,  and  the 
caterpillar  of  Persectania  steropastis  (the  species  which  does  most  of  the 
damage  in  the  South)  hides  during  the  day  in  the  sheaths  at  the  bases  of 
the  leaves,  where  no  bird  could  capture  it.  I  believe  that  the  larva  of 
Xanthorhoe  praefectata,  the  northern  flax-moth,  also  conceals  itself  during 
the  day. 

To  conclude,  let  us  rather  strive  to  preserve  the  characteristic  features 
of  nature  in  New  Zealand  than  to  obliterate  them.  Let  it  still  be  novae - 
zealandiae.  Alfred  Philpott. 


By  Authority:  Marcus  F.  Marks,  Government  Printer,  Wellington. — 1918. 
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MAORI  ROCK-QUARRIES  ON  D’URVILLE  ISLAND. 

By  J.  Allan  Thomson,  M.A.,  D.Sc.,  F.G.S.,  Director  of  the  Dominion 

Museum. 

Many  kinds  of  stone  were  used  by  the  Maoris  in  olden  days  for  making 
toki  (adzes)  and  other  implements,  but  little  has  been  put  on  record  as  to 
the  quarries  whence  the  stone  was  derived.  A  most  interesting  account  of 
an  argillite-quarry  at  the  Rush  Pool,  nine  miles  from  Nelson,  was  recently 
published  by  H.  D.  Skinner.*  It  has  long  been  known  that  the  Maoris 
obtained  stone  from  D’Urville  Island;  so  on  the  suggestion  of  Mr.  E.  Best 
I  recently  took  an  opportunity  of  visiting  the  island  and  obtaining  photo¬ 
graphs  of  the  quarries.  I  am  indebted  to  Mr.  G.  Webber,  of  Emslie  Bay, 
French  Pass,  for  information  as  to  their  site.  Those  I  visited  are  on  a 
spur  between  Woodman’s  Bay  and  the  small  bay  nearer  the  French  Pass. 

This  spur  consists  for  the  most  part  of  serpentine,  and  the  light  growth 
of  manuka  that  it  carrried  has  recently  been  burnt  off.  Although  in  this 
latitude  serpentine  at  altitudes  of  1,000  ft.  and  over  bears  little  vegetation, 
the  lower  slopes  of  serpentine  on  D’Urville  Island  appear  to  have  carried  a 
certain  amount  of  scrub  and  bush.  Along  the  coast  at  the  foot  of  the  spur 
there  are  other  igneous  rocks  associated  with  the  serpentine — viz.,  amphi¬ 
bolites  derived  from  doleritic  or  gabbroid  rocks.  The  rock  quarried  by  the 
Maoris  occurs  just  below  the  summit  of  the  spur  on  the  north  side,  and 
consists  of  a  light  blue-grey,  very  fine-grained,  and  almost  flinty  stone, 
bearing  occasional  thread-like  veinlets  of  dark  quartz.  It  is  almost  cer¬ 
tainly  a  hornfels,  or  contact-altered  argillite,  and  owes  its  hard  nature  to 
the  partial  recrystallization  induced  by  the  heat  of  the  intrusive  peridotite 
now  represented  by  serpentine.  A  large  isolated  boulder  also  used  as  a 
source  for  stone,  which  occurs  on  the  southern  side  of  the  spur  not  far 
above  sea-level,  is  much  darker  in  colour,  but  otherwise  similar. 

It  should  be  noticed  that  the  stone  at  the  Rush  Pool  quarry,  described 
by  Skinner  as  an  argillite,  also  occurs  close  to  outcrops  of  serpentine,  and  is 
also  doubtless  a  contact-altered  rock.  In  1914  I  observed  a  small  quarry 
on  the  sea-coast  about  ten  miles  north  of  Cabbage  Bay,  on  the  Coromandel 
Peninsula,  where  again  the  rock  was  a  contact-altered  argillite  of  the  Moehau 
series,  the  intrusive  rock  responsible  for  the  hardening  being  an  apophysis 
of  the  quartz-diorite  of  the  Moehau  Range,  popularly  known  as  the  Coro¬ 
mandel  granite.  Where  not  affected  by  contact  metamorphism,  the  argillites 
so  common  in  New  Zealand  are  seldom  hard  enough  or  sufficiently  free  from 


*  H.  D.  Skinner,  An  Ancient  Maori  Stone-quarry,  Trans.  N.Z .  Inst.,  vol.  46, 
pp.  324-29,  pi.  xii,  1914. 
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joints  to  be  of  use  for  stone  implements..  Probably  ancient  stone-quarries 
will  be  found  along  the  margins  of  nearly  all  the  larger  igneous  intrusions  in 
districts  where  Maoris  were  formerly  numerous. 

The  D’Urville  Island  stone  is  exceedingly  resistant  to  atmospheric 
weathering,  and  the  worked  faces  of  the  quarry  have  a  very  fresh  appear¬ 
ance.  There  is  no  trace  of  blackening  by  fire  on  the  faces  which  have  been 
worked,  but  probably  this  was  the  main  method  by  which  the  surface  stone 
was  removed.  None  of  the  quarried  faces  are  more  than  a  few  feet  in 
height,  and  it  would  be  easy  to  build  earth  round  the  boulders  and  make 
fires  on  top.  Relatively  few  hammer-stones  were  observed  in  the  neigh¬ 
bourhood,  in  contradistinction  to  the  Rush  Pool  quarry,  and  those  found 
consisted  of  amphibolitized  gabbro  in  water-worn  boulders  of  oval  shape, 
up  to  1  ft.  in  their  greatest  diameter.  The  ground  for  a  distance  of  a 


Fig.  1. — Ancient  Stone-quarry  on  D’Urville  Island. 

The  scale  is  shown  by  the  geological  hammer  near  the  middle  of  the  picture,  the  handle 
of  which  is  14  in.  in  length.  The  larger  boulders  show  worked  faces,  and  the 
smaller  debris  in  the  centre  represents  the  spoil. 


hundred  yards  below  the  main  quarry,  shown  in  fig.  1,  is  littered  with  chips 
and  flakes  of  the  stone.  Apparently  it  was  a  tractable  medium,  as  very 
few  rejected  pieces  could  be  found  on  which  much  work  had  been  done. 
During  the  short  time  at  my  disposal  I  obtained  only  three  pieces  which 
had  been  roughed  out  as  toki,  one  of  them  showing  the  beginnings  of  the 
“  pecking  process.”  The  haft  end  of  a  small  polished  narrow  toki  found 
isolated  a  little  distance  down  the  ridge  still  shows  rough  scratches,  as  if 
it  had  broken  before  the  polishing  was  finished.  Probably,  however,  the 
procedure  in  the  great  majority  of  cases  was  to  rough  out  the  stone  near  the 
quarry,  and  finish  the  pecking  and  grinding  at  home.  The  very  large 
number  of  unworked  rejected  flakes,  of  sizes  and  shapes  that  could  not  have 
caused  their  rejection,  is  almost  certainly  explained  by  the  fact  that  the 
Maoris  always  preferred  stone  untouched  by  weather,  and  quarried  off  1  ft. 
or  more  of  the  outer  surface  before  using  any  stone. 


1918.] 
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THE  ELECTRIFICATION  OF  RAILWAYS  IN  NEW 

ZEALAND.* 

By  E.  Parry,  Chief  Electrical  Engineer,  Public  Works  Department. 

Argument. 

This  paper  is  written  with  two  objects  :  one  is  to  remove  misunderstand¬ 
ings  which  appear  to  exist  regarding  the  relative  merits  of  steam  and 
electric  haulage,  and  the  other  is  to  emphasize  the  importance  of  a  com¬ 
prehensive  system  of  electric-power  supply  in  its  bearing  upon  the  subject 
of  railway  electrification. 

It  must  be  recognized  that  the  steam  locomotive  is  the  most  economical 
means  of  haulage  under  normal  conditions  of  easy  grades  and  infrequent 
service.  When  the  grades  are  severe,  however,  the  average  speed  is 
reduced  to  a  level  much  less  than  that  imposed  by  other  limiting  features, 
the  volume  of  traffic  is  restricted,  and  the  economic  limitations  are  soon 
reached.  A  higher  speed  demands  an  increased  power,  which  can  only  be 
got  by  increasing  the  engine,  boiler,  and  tender  capacity,  and  as  a  result 
the  dead  load  increases  at  the  expense  of  the  live  load  to  such  an  extent 
as  to  become  uneconomical.  Electric  haulage,  on  the  other  hand,  is  not 
subject  to  the  same  limitations  as  steam  haulage,  because  the  power  is  not 
generated  on  the  locomotive  itself.  The  locomotive  merely  converts  electric 
power  received  from  a  stationary  source  to  mechanical  power  for  haulage, 
and,  although  the  adhesion  may  be  the  same,  a  largely  increased  speed  is 
obtainable,  and  the  capacity  for  hauling  and  transporting  goods  is  largely 
increased.  The  gain  in  speed  is  manifold  :  speed  of  movement  is  increased 
substantially,  usually  about  twice ;  it  is  not  necessary  to  stop  for  taking  in 
water ;  the  adhesion  is  usually  greater  and  more  uniform,  and  the  rails  do 
not  become  slippery  in  tunnels,  as  they  do  under  steam-service  conditions, 
owing  to  the  deposit  of  moisture  and  soot  from  the  locomotive.  Smoke  also 
interferes  with  the  signal  system  where  the  tunnels  are  of  any  length,  and 
even  where  ventilating-fans  are  in  use  a  long  period  must  often  be  allowed 
for  the  smoke  to  clear. 

The  limits  of  steam  haulage  are  also  reached  in  suburban  districts  where 
rapid  service  and  frequent  stops  become  a  necessity,  and  also  where  terminal 
stations  are  found  too  restricted  for  the  increasing  volume  of  traffic,  or 
where  the  smoke  nuisance  becomes  intolerable,  or  where  it  is  desired  to 
advance  the  terminal  into  the  heart  of  a  city  such  as  New  York  or  London, 
and  where  it  must  of  necessity  be  constructed  underground  because  of  the 
prohibitive  value  of  the  surface. 

This  aspect  of  the  subject  is  one  which  is  better  understood  than  trunk¬ 
line  electrification,  and  does  not,  therefore,  need  the  same  amount  of  dis¬ 
cussion  as  the  latter,  and  the  remainder  of  this  discussion  will  be  confined 
to  the  one  aspect  of  main-line  electrification. 

As  soon  as  the  limits  of  steam  haulage  have  been  reached  on  some 
critical  section  of  the  Main  Trunk,  say  between  Taumarunui  and  Taihape 
— that  is  to  say,  when  no  more  traffic  can  be  conducted  over  it  in  spite 
of  the  utmost  possible  improvements  in  track  and  locomotives,  strengthening 

*  Paper  read  at  a  meeting  of  the  Technological  Section  of  the  Wellington  Philo¬ 
sophical  Society,  12th  June,  1918. 
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bridges,  increasing  the  number  of  passing-places,  and  so  on — and  the 
traffic  continues  to  increase,  then  the  railway  management  will  be  faced 
with  the  necessity  of  extensive  regrading  and  deviating,  and  later  on  with 
duplicating,  the  line.  If  at  this  juncture  an  adequate  supply  of  electric 
power  were  available  the  same  result  would  follow  as  in  other  similar- 
cases — viz.,  the  Railway  Department  would  adopt  the  most  economical 
solution  of  the  problem  and  electrify  the  section  or  division  in  question.. 

It  is  important  to  notice  this  :  that  on  the  assumption  that  the  capa¬ 
city  for  traffic  over  this  section  is  doubled  as  the  result  of  electrification — 
a  result  which  has  been  exceeded  in  other  cases — the  capacity  of  the  whole 
through  system  is  thereby  doubled  at  the  expense  of  the  cost  of  electrifying 
only  a  comparatively  short  length  ;  and,  further,  it  would  have  the  effect 
of  enhancing  the  value  of  the  whole  of  the  North  Island  railway  system,, 
as  the  effect  of  a  construction  in  any  one  part — especially  a  part  so  vitally 
situated  as  the  section  in  question — affects  the  whole  railway  system.  It 
will  be  seen  that  it  is  not  at  all  necessary  to  go  to  the  expense  of  electrifying 
the  whole  system  in  order  to  improve  transport  facilities,  but  that  all  that 
is  necessary  is  to  electrify  certain  critical  sections  when  and  as  the  limits  of 
steam  haulage  are  reached,  leaving  the  remainder  of  the  system  to  be 
worked  by  the  more  economical  steam  haulage.  And  as  under  conditions 
of  easy  grades  steam  haulage  is  capable  of  a  very  large  expansion,  a  very 
long  time  would  elapse  before  the  traffic  would  increase  to  such  an  extent 
as  to  justify  the  expense  of  electrification  throughout.  Thus  electrification 
would  proceed  by  easy  stages-  now  a  small  step,  now  a  large  one — but 
each  made  only  when  the  necessity  for  it  arose  and  when  economically 
justifiable.  Now,  in  order  to  render  such  an  orderly  development  possible 
a  comprehensive  system  of  electric-power  distribution  from  which  a  supply 
of  power  can  be  obtained  when  and  as  required  is  a  sine  qua  non. 

Cost  of  Electrification. 

A  word  as  to  the  cost  of  electrification  and  the  relative  cost  of  operation.. 
It  may  be  taken  that  in  New  Zealand  the  cost  of  equipping  a  single  line,, 
including  distribution  lines,  substations,  overhead  contact  lines  and  feeders, 
track-bonding  and  track-feeders,  and  allowing  also  for  repair  plant,  work- 
shop  tools,  and  housing  of  staff,  and  the  lighting  of  stations  and  yards,  but 
not  including  locomotives,  would  not  be  far  short  of  £5,000  per  mile — 
always  on  the  assumption  that  a  supply  of  power  is  obtained  at  con¬ 
venient  points  from  a  power-supply  system,  thus  eliminating  any  expendi¬ 
ture  upon  power-houses  or  upon  transmission  from  the  source  to  the  points 
of  distribution.  This  is  not  a  large  expenditure  when  considered  in  its 
relation  to  the  cost  of  construction  of  railway-lines  over  mountain  sections, 
involving  as  they  do  tunnels,  deep  cuttings,  high  embankments,  and  bridges  ; 
and  it  is  upon  a  section  of  this  description  that  electricity  is  used  to 
the  greatest  advantage.  Further,  when  it  is  considered  that  electrification 
increases  the  capacity  of  the  line  for  traffic  possibly  100  per  cent,  or  more 
in  some  cases,  not  only  over  the  section  electrified,  but  over  the  remainder 
of  the  railway  system  dependent  on  the  section,  it  will  be  seen  to  afford  a 
very  inexpensive  way  of  securing  the  benefits  of  a  duplicate  line  without 
the  cost  of  duplication. 

Now,  as  regards  the  cost  of  operation,  let  no  one  assume  that  it  is 
cheaper  to  operate  an  electric  service  than  a  steam  service  where  the  con¬ 
ditions  are  within  the  limits  of  economical  haulage  by  steam  :  such  is  not 
the  case.  Where,  however,  the  conditions  are  such  as  to  approach  to 
the  limits  of  steam  haulage — e.g.,  on  a  mountain  section — then  electric-  ‘ 
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haulage  is,  if  anything,  cheaper  per  locomotive-mile  or  per  ton-mile. 
The  main  point  is  not  that  there  is  a  difference  of  a  few  decimals  one  way 
or  another,  but  that  a  greater  train-movement  is  possible,  and  the  capacity 
for  traffic  is  increased  at  a  comparatively  small  capital  expenditure  com¬ 
pared  with  the  alternative  of  regrading  or  duplicating  the  line. 

A  few  examples  will  now  be  quoted  with  the  object  of  strengthening 
and  reinforcing  the  opinions  expressed  in  the  foregoing  paragraphs. 

Examples  of  Electrification  on  Grades. 

A  notable  example  of  the  limitations  imposed  by  grades  is  the  Genoa- 
Giovi  line  on  the  Italian  State  railway  connecting  the  port  of  Genoa 
with  the  valley  of  the  Po.  The  length  of  the  line  in  question  is  14'4  miles, 
and  is  a  mountain  division  formed  by  a  spur  of  the  Apennines  separating 
the  harbour  of  Genoa  from  the  valley  of  the  River  Po.  This  line  has  a 
Tuling  grade  of  3-5  per  cent.,  and  six  tunnels,  of  which  the  longest  is  the 
Giovi  Tunnel,  2-02  miles  long,  with  2-9  and  3-0  per  cent,  grades.  The 
line  is  double,  yet  owing  to  the  increase  in  traffic  a  parallel  line  was  built 
in  1889,  13-7  miles  long,  double  track,  with  easier  grades,  not  exceeding 
1-6  per  cent.,  and  limited  to  1T6  per  cent,  in  the  longest  tunnel,  which 
is  5-15  miles  long.  These  two  lines  are  paralleled  by  still  another  line, 
the  Genoa- Asti  line,  and  there  are  other  indirect  lines,  but  in  spite  of 
this  the  traffic  reached  the  limit  of  the  transportation  facilities  in  1906, 
resulting  in  a  congestion  at  the  Genoa  docks.  In  1907  a  new  and  special 
type  of  locomotive  was  built  which  improved  the  conditions  considerably ; 
but  the  increase  in  traffic  soon  overtook  the  capacity  of  the  new  locomotive, 
and  in  consequence  the  construction  of  another  line  was  contemplated, 
and  plans  and  estimates  prepared  for  a  double  line  with  easy  grades,  but 
entailing  a  long  tunnel,  11-8  miles  long,  the  cost  of  which  was  estimated 
at  £6,000,000.  As  an  alternative  the  Genoa-Giovi  line  was  electrified  and 
put  in  service  in  1911,  the  broad  result  being  that  whilst  under  steam- 
service  conditions  the  average  was  24  up  trains  and  21*3  down  trains  per 
day  of  twenty  hours,  the  immediate  result  of  electrification  was  an  increase 
to  an  average  of  33  up  trains  and  22  down  trains  in  seventeen  hours, 
whilst  it  was  possible  also  to  increase  the  trailing-load.  It  is  estimated 
by  the  railway  authorities  that  the  capacity  of  the  line  has  been  increased 
threefold.  This,  however,  is  not  entirely  due  to  increased  speed  possible 
with  electric  locomotives,  but  to  the  fact  that  the  tunnel  on  the  2-9  to 
3  per  cent,  grade,  2-02  miles  long,  caused  such  delays  under  steam 
-conditions  that  the  capacity  of  the  line  was  limited  by  this  feature.  The 
electrification  of  the  line  has  enabled  the  passage  through  the  tunnel  to 
be  accelerated  and  the  block  system  to  be  operated  so  as  to  enable  a 
fifteen-minute  or  even  ten-minute  headway  to  be  obtained,  and  on  this 
basis,  taking  into  account  the  increased  speed,  the  increased  headway, 
and  the  bigger  trailing-loads,  the  railway  authorities  estimate  that  the 
capacity  has  been  increased,  as  stated,  twofold  for  fifteen-minutes  headway, 
and  threefold  for  a  ten-minutes  headway,  working  twenty  hours  per  day. 

Another  notable  example  of  an  electrification  of  a  railway  in  which 
the  grades  under  steam  conditions  had  become  a  limiting  feature  is  the 
■Butte  and  Anaconda  line,  which  is  a  heavy  mineral  line,  the  total  length 
of  single  track  consisting  of  about  thirty-eight  miles  of  main  line  and  fifty- 
three  miles  of  yards  and  sidings,  making  ninety-one  miles  in  all.  The 
ruling  gradient  is  3  per  cent.,  and  on  the  grade  the  speed  of  a  53-car  freight- 
train  with  a  load  of  4,000  tons  was  limited  under  steam-service  conditions  to 
7  miles  per  hour.  The  average  speed  on  the  west  trip,  which  is  against  grade, 
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with  loaded  truck,  was  13-4  miles  per  hour.  In  the  opinion  of  the  manage¬ 
ment  the  line  and  two  of  its  branches  had  reached  their  utmost  capacity 
under  steam  conditions.  Electrification  has  increased  the  average  speed 
from  13*4  to  20  m.p.h.,  and  the  speed  on  the  ruling  grade  from  7  m.p.h. 
to  16  m.p.h.  The  following  is  an  example  of  the  improvement  effected 
on  one  of  the  sections.  The  steam-engines  used  were  of  the  Mastodon 
type,  108  tons  (83  tons  effective),  tender  55 — total  163  tons  ;  one  of  these 
was  used  per  train  of  16  cars,  made  6  trips  per  shift,  or  96  cars  per  shift. 
The  electric  locomotive,  weighing  160  tons,  takes  25  cars  per  train  and 
makes  8  trips  per  shift,  or  200  cars  per  shift.  The  general  result  is  that 
in  five  years  the  traffic  has  increased  50  per  cent.,  and  no  difficulty  has 
been  found  in  dealing  with  the  increased  traffic. 

Another  interesting  and  instructive  example  is  the  electrification  of  the 
Rocky  Mountain  division  of  the  Chicago,  Milwaukee,  and  St.  Paul  Railway, 
regarding  which  the  assistant  to  the  president  of  the  railway  states  :  “It 
is  a  fact  that  the  present  electrification  has  eliminated  the  Rocky  Mountains 
as  far  as  railroad  operation  is  concerned  on  the  St.  Paul  ”  ;  also,  “It  is 
quite  within  the  fact  to  say  that  Milwaukee  has  forgotten  that  the 
Continental  Divide  exists.”  The  electrified  portion  is  440  miles  long, 
extending  from  Harlowtown  in  the  east  to  Avery  on  the  west  of  the  Rocky 
Mountains.  It  was  worked  in  four  locomotive  divisions.  The  ruling 
gradient  going  west  is  2  per  cent.,  and  going  east  1*7  per  cent.  The 
locomotives  used  were  of  the  Mallet  type,  257  tons  inclusive  weight  and 
200  tons  adhesive  weight.  The  general  result  of  electrification  has  been 
that  the  time  between  Three  Forks  and  Deer  Lodge  (120  miles)  has  been 
reduced  from  twelve  hours  to  eight  hours  for  heavy  freight  trains,  and 
in  addition  the  tonnage  has  been  increased  on  the  maximum  grades  from 
1,700  to  3,000  tons.  This  tonnage  is  now  handled  at  16  m.p.h.,  whereas 
the  lesser  weight  was  handled  by  the  steam  locomotives  at  a  maximum 
of  8  m.p.h.  The  running-time  required  over  each  section  of  the  electric 
division  has  been  reduced  from  12-16  hours  for  steam  haulage  to  7-10  hours 
for  electric  haulage.  The  time  over  the  entire  division  of  226  miles  has 
been  reduced  to  one-half  the  total  time  required  by  steam  haulage. 

The  Chicago,  Milwaukee,  and  St.  Paul  now  propose  to  electrify  a  further 
portion  of  the  same  line.  The  new  zone  extends  from  Othello  on  the  east 
to  Seattle  on  the  west;  it  is  250  miles  long,  and  includes  a  tunnel  five 
miles  long ;  and  it  is  important  to  notice  that  there  is  a  gap  of  225 
miles  between  the  western  end  of  the  Rocky  Mountain  division,  already 
electrified,  and  the  eastern  end  of  the  Othello  to  Seattle  division,  which 
will  continue  to  be  operated  by  steam. 

Examples  of  Main-line  Tunnel  Electrification. 

Reference  has  already  been  made  to  tunnels  as  an  obstacle  to  increased 
traffic  by  steam  locomotives.  Usually  where  there  are  steep  grades  there 
are  tunnels,  in  which  case  the  conditions  become  aggravated,  and  an 
example  has  already  been  quoted  on  the  Genoa-Giovi  line  in  Italy. 

Even  where  the  grades  are  easy  there  are  numerous  instances  of  tunnels 
becoming  an  obstacle  to  the  development  of  trunk-line  traffic,  the  only 
remedy  for  which  is  electrification.  The  two  following  examples  will  help 
to  illustrate  the  nature  and  extent  of  the  obstruction  caused  by  tunnels  to 
steam-locomotive  service. 

On  the  Great  Northern  Railway  in  the  State  of  Washington,  about  100 
miles  east  of  Seattle,  there  is  the  Cascade  Tunnel,  2-63  miles  long,  on  a  1*7 
per  cent,  grade,  near  the  middle  of  a  mountain  division.  The  locomotives 
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used  were  of  the  Mallet  type.  Progress  through  the  tunnel  was  slow  and 
uncertain  owing  to  the  state  of  the  rail.  The  fires  on  the  locomotives 
were  drawn  and  remade  with  special  coal ;  the  abrasion  of  the  rails  was 
excessive  because  of  the  liberal  use  of  sand  to  maintain  adhesion.  The 
use  of  electricity  in  the  tunnel  has  made  a  very  much  increased  service 
possible  because  of  the  higher  speed  of  the  train  through  the  tunnel  and  the 
possibility  of  applying  the  automatic  block  system  to  the  tunnel. 

Another  typical  example  is  the  Hoosac  Tunnel  on  the  Fitchbury  divi¬ 
sion  of  the  Boston  and  Maine.  The  tunnel  is  four  miles  and  three-quarters 
long,  and  the  grade  only  J  per  cent. ;  and  although  the  limiting  grades  are 
on  the  outside  of  the  tunnel,  which  place  a  limit  upon  the  amount  of  load 
hauled,  the  obstacle  to  the  traffic  was  actually  caused  by  the  tunnel  in  spite 
of  the  easy  grade.  It  is  interesting  to  note  that  an  attempt  was  made  to 
get  over  the  difficulty  by  providing  specially  designed  oil-burning  Mallet 
engines  as  helpers  to  draw  the  trains  with  their  engines  through  the  tunnel. 
A  passenger-train  could  not  occupy  the  tunnel  at  the  same  time  as  a  freight- 
train  moving  in  an  opposite  direction.  The  corrosive  action  of  the  fumes 
and  the  abrasion  caused  by  the  excessive  use  of  sand  on  the  rails  reduced 
the  life  of  the  rail  to  three  or  three  and  a  half  years,  and  large  mainten¬ 
ance  gangs  were  necessary,  as  there  were  long  periods  during  which  work 
in  the  tunnel  was  impossible.  Electrification  has  doubled  the  capacity  of 
the  tunnel  for  traffic  on  account  of  the  introduction  of  the  block  system, 
the  tunnel  being  divided  into  three  blocks,  whilst  the  expenses  have  been 
considerably  reduced. 

Other  tunnels  which  proved  an  obstacle  in  the  same  way  are  the 
St.  Clair  Tunnel,  the  Baltimore  and  Ohio,  the  Detriot  Biver  tunnels  ;  and 
they  have  been  electrified  for  the  length  of  the  tunnel  and  some  short 
extensions  and  yards  outside. 

Conclusion. 

Enough  has  been  said  to  reveal  the  evolutional  process  of  main-line 
electrification  as  it  proceeds  in  other  parts  of  the  world,  and  it  may  be 
concluded  that  it  will  proceed  on  the  same  lines  in  the  Dominion  of  New 
Zealand. 

The  process  would  appear  to  be  as  follows  :  Here  and  there  a  tunnel, 
then  a  division  with  steep  grades,  after  that  a  division  with  lesser  grades, 
are  converted  to  electric  working,  whilst  steam  service  is  maintained  over 
the  remainder  of  the  system.  All  the  examples  quoted,  however,  have  one 
feature  in  common  :  extraordinary  methods  have  been  employed  to  carry 
on  the  service  with  steam  locomotives  ;  new  and  larger  locomotives  are 
designed  for  work  on  the  grades,  one  locomotive  taking  the  place  of  two 
previously  employed.  In  case  of  the  tunnel,  special  oil-fuel  locomotives 
are  employed,  or  the  fires  are  drawn  before  entering  the  tunnel  and  fresh 
fires  built  up  of  special  non-smoking  coal ;  ventilating-systems  have  been 
tried,  all  to  no  purpose  ;  and  finally  electrification  is  adopted  with  marked 
advantage. 

It  would  appear  at  first  sight  as  if  there  were  an  extraordinary  reluctance 
on  the  part  of  railway  engineers  to  adopt  electric  traction  and  they  were 
unduly  conservative  in  this  matter.  The  real  explanation,  however,  of  this 
procedure  will  be  found  in  the  fact  that  when  the  necessity  first  arose  there 
was  no  electric  power  available  of  which  the  railway  engineers  could  avail 
themselves,  and  they  were  faced  with  the  necessity  of  seeking  out  water¬ 
power  sources  or  building  fuel-power  stations  in  positions  where  cheap 
coal  was  unprocurable,  which  is  a  formidable  task  and  one  involving  a  big 
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outlay  in  capital.  The  outlay  had  to  be  faced  in  some  urgent  cases,  but 
in  others  less  urgent  the  right  course  was  followed  in  making  the  best 
of  a  bad  job.  Later  on,  whenever  electric-power  supply  became  available 
from  some  power-supply  system  which  was  adequate  and  reliable,  and 
obtainable  at  suitable  and  convenient  points,  the  problem  of  adapting  the 
railway  for  electric  working  became  a  comparatively  simple  one 

The  same  principles  apply  not  only  to  railway  electrification,  but  to 
agriculture,  industries,  and  the  activities  of  the  State  generally  ;  and  the 
need  of  a  comprehensive  power-supply  system  ample  and  adequate  to 
provide  for  all  the  requirements  of  the  State,  and  which  shall  be  available 
at  any  point  or  points  where,  when,  and  as  required,  is  of  the  same 
paramount  interest  and  importance  in  New  Zealand  as  in  other  countries. 


NOTES  ON  CERTAIN  INTRODUCED  BIRDS  IN 

SOUTHLAND. 

By  Alfred  Philpott. 

In  this  district,  as  probably  in  most  other  parts  of  New  Zealand,  the  intro¬ 
duced  species  of  birds  are  now  much  more  prominent  than  the  native  kinds. 
Some  of  the  latter,  however,  are  still  plentiful  enough,  and  will  probably 
continue  to  hold  their  own.  The  bell-bird  ( Anthornis ),  for  instance,  is  not 
only  to  be  found  in  every  little  patch  of  native  bush,  but  is  continually  to 
be  met  with  in  the  public  gardens  in  the  centre  of  Invercargill.  The  tit 
( Myiomoira ),  the  fantail  ( Rhipidura ),  the  wax-eye  ( Zosterops ),  and  the  grey 
warbler  ( Maorigerygone )  also  appear  to  be  in  no  danger  of  extinction,  and 
are  all  frequent  visitors  to  plantations  in  the  heart  of  the  town,  if  not 
permanent  residents  therein. 

Very  possibly,  if  any  of  these  species  take  to  a  regular  life  in  artificial 
plantations,  their  habits  may  become  in  some  measure  modified,  and  careful 
observation  of  such  cases  might  yield  interesting  results.  The  introduced 
forms  also,  being  subjected  to  a  new  environment,  will  probably  tend 
towards  some  differentiation  in  habits  from  those  of  the  stock  in  their 
original  home.  The  strange  waxing  and  waning  in  point  of  numbers  in  some 
of  the  species  is  a  most  striking  and  often  very  puzzling  fact,  and  the  notes 
which  I  have  to  offer  will  contain  some  references  to  such  phenomena. 

Greenfinch.  Chloris  chloris  clitoris  (Linn.). 

The  greenfinch,  though  still  not  uncommon,  is  not  nearly  so  abundant 
as  it  was  fourteen  or  fifteen  years  ago.  Probably  systematic  poisoning  and 
egg-collecting  have  had  something  to  do  with  this  result,  but  the  main 
cause  may  lie  in  the  wide  adoption  of  dairy-farming  and  stock-raising  in 
preference  to  grain-growing. 

Chaffinch.  Fringilla  coelebs  coelebs  Linn. 

This  finch  began  to  appear  in  the  neighbourhood  of  Invercargill  in  1910  ; 
it  is  now  common  everywhere,  being  particularly  numerous  in  the  hill 
forests. 
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Goldfinch.  Carduelis  carduelis  britannica  (Hartert). 

Though  numerous  enough  where  it  occurs,  the  goldfinch  is  never  found 
far  from  settlement.  Probably  it  relies  largely  for  food  on  the  seeds  of  the 
weeds  of  cultivation. 

Lesser  Redpoll.  Linota  linota  cabaret  (P.  L.  S.  Muller). 

In  1908  I  first  saw  the  lesser  redpoll  near  Invercargill.  It  is  now  very 
abundant,  though  only  passing  the  spring  and  summer  near  the  town.  The 
rest  of  the  year  is  spent  on  the  coastal  sandhills,  where  flocks  may  always 
be  found  feeding  on  the  seeds  of  J uncus  and  other  plants.  In  the  summer 
this  is  one  of  the  most  common  birds  just  above  the  forest-line  on  the 
mountains,  but  I  am  unable  to  say  if  such  localities  are  frequented  through¬ 
out  the  year. 

• 

House-sparrow.  Passer  domesticus  domesticus  (Linn.). 

Little  groups  of  the  house-sparrow  may  be  found  a  long  way  from  human 
habitations,  but  the  species  sticks  to  the  edges  of  the  forest  and  does  not 
penetrate  to  the  interior. 

Yellow  Bunting.  Emberiza  citrinella  Linn. 

The  yellow  bunting,  or  yellowhammer,  though  known  in  Southland  at 
least  thirty  years  ago,  has  never  become  common  ;  in  fact,  at  one  time 
it  seemed  to  have  died  out  completely,  but  within  the  last  few  years  it  has 
become  rather  more  plentiful.  A  fine  specimen  was  caught  near  Invercargill 
in  July  of  this  year,  and  is  now  in  the  Southland  Museum.  It  is  excep¬ 
tionally  brightly  coloured,  and  the  remainder  of  the  small  flock  of  which  it 
formed  a  member  are  said  to  have  all  been  of  the  same  brilliance. 

Skylark.  Alauda  alauda  arvensis  Linn. 

Wherever  cultivated  fields  have  taken  the  place  of  the  native  forests 
or  plains  the  •  skylark  is  common  enough,  but  the  bird  does  not  seem  to 
be  attracted  to  the  hill  country.  I  have  never  met  with  it  on  the  open 
mountain-land. 

Song-thrush.  Turdus  philomelus  clarkei  Hartert. 

The  song-thrush  does  not  appear  to  penetrate  far  into  the  big  forests, 
nor  to  spread  into  unsettled  areas.  In  the  coastal  forest  of  Fiord  County 
they  are  seldom  to  be  heard,  though  plentiful  enough  about  the  settlements 
of  Tuatapere  and  Papatotara.  Nor  does  the  bird  favour  the  mountains  ; 
I  do  not  think  I  have  ever  heard  one  above  the  bush-line  (about  3,000  ft.). 
They  are  certainly  absent  along  the  upper  limit  of  the  Titiroa  Forest 
(Hunter  Mountains),  and  I  have  no  record  of  meeting  with  them  on  the 
Longwood  tops  or  the  Hump. 

Blackbird.  Turdus  merula  merula  Linn. 

Unlike  the  thrush,  the  blackbird  penetrates  to  the  heart  of  the  largest 
forests,  and  seems  to  be  as  common  at  the  limit  of  arboreal  growth  on  the 
mountains  as  at  sea-level. 
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Hedge-sparrow.  Accentor  modularis  occidentcdis  Hartert. 

Though  nowhere  very  abundant,  the  hedge-sparrow  is  widely  spread. 
I  do  not  remember  having  met  with  the  bird  far  in  the  unbroken  forest, 
but  it  is  equally  at  home  in  the  smaller  areas  of  bush,  in  the  suburban 
garden,  and  in  the  shrubby  grove  at  3,000  ft.  on  the  mountains.  The 
majority  of  nests  are  built  quite  low  down,  often  practically  on  the  ground, 
so  that  the  prevalence  of  stoats  or  cats  is  probably  a  controlling  factor  in 
the  increase  of  the  species. 

Starling.  Sturnus  vulgaris  Linn. 

This  useful  bird  is  not  nearly  so  plentiful  as  it  used  to  be.  I  am  inclined 
to  think  that  one  reason  for  its  decrease  is  to  be  found  in  the  increasing 
difficulty  of  securing  suitable  nesting-sites.  When  the  starling  first  came  to 
Southland  large  areas  of  land  studded  with  the  larger  forest-trees  were 
everywhere  to  be  found.  The  undergrowth  had  been  felled,  large  fires  put 
through  it,  and  grass  sown  after  the  burn.  Thousands  of  trees  were  left 
standing,  and  the  greater  part  of  these  provided  a  decayed  limb,  a  knot-hole, 
or  a  hollow  bole  for  the  convenience  of  the  nesting  birds.  But  now  these 
park-like  stretches  have  to  a  large  extent  disappeared.  Modern  methods 
bring  forest-land  under  cultivation  in  much  quicker  time.  True,  there 
are  still  immense  blocks  of  forest  left,  but  the  starling  does  not  penetrate 
far  into  these.  The  farthest  from  cultivation  that  I  have  observed  the 
bird  is  the  mouth  of  the  Wairaurahiri,  where  a  few  pairs  are  established. 
Here  the  nearest  cultivated  land  is  about  twenty  miles  distant.  It  does 
not  seem  probable  that  these  birds  fly  backwards  and  forwards  to  the  open 
fields,  and  it  would  be  interesting  to  learn  if  they  procure  their  food  in  other 
directions,  such  as  the  sea-beach  or  the  river-bed. 

It  is  worth  recording  that  of  late  years  I  have  several  times  found  the 
starling  building  in  dense  masses  of  dead  climbing-plants,  such  as  Muehlen- 
becJcia,  also  in  clumps  of  ivy.  More  than  once,  too,  I  have  found  nests  in 
the  tops  of  totaras  the  trunks  of  which  were  buried  beneath  a  wave  of 
drifting  sand. 

Little  Owl.  Athene  noctua  noctua  (Scopoli). 

The  little  owl  appeared  in  the  neighbourhood  of  Invercargill  about 
June,  1915,  and  is  now  thoroughly  established  in  the  district.  The  fear 
that  the  introduction  of  this  owl  is  likely  to  result  in  the  extermination  of 
certain  of  our  native  birds  is,  I  think,  unfounded.  I  have  never  met  with 
the  little  owl  in  the  bush  itself  ;  it  is  always  to  be  found  on  isolated  trees, 
or  on  those  growing  near  the  edge  of  the  forest.  There  can  be  no  doubt 
that  such  introduced  birds  as  the  sparrow  and  others  which  roost  about 
hedges,  plantations,  and  buildings  will  pay  a  heavy  toll ;  indeed,  I  have 
reason  to  think  that  the  thrush,  the  sparrow,  and  the  starling  are  already 
diminishing  in  numbers  near  Invercargill.  Where  a  pair  of  owls  have 
established  themselves,  the  evensong  of  the  thrushes  and  blackbirds  gives 
place  to  an  incessant  chorus  of  terrified  alarm-notes. 

The  little  owl  can  see  by  day  far  better  than  the  morepork.  It  is  not 
unusual  to  see  one  sitting  at  the  mouth  of  a  hole  in  a  tree  in  the  full  blaze 
of  sunlight,  and  often,  in  the  middle  of  the  day,  they  will  leave  such  retreats 
and  perch  on  some  bare  dead  tree.  Their  flight  by  day  does  not  show  the 
least  sign  of  confusion  or  hesitation ;  and  once  I  saw  one  come  out  of  a  hole 
in  a  tree  in  broad  daylight  with  what  appeared  to  be  a  young  bird  in  its 
claws,  and  fly  to  its  usual  roosting-hole.  Unlike  our  native  owls,  the  little 
owl  frequently  hoots  in  the  daytime,  in  both  dull  and  sunny  weather. 
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AUTOMATIC  TELEPHONE  SYSTEMS. 

By  J.  N.  Wallace. 

While  working  on  multiplex  telegraphy  experiments  in  1875  Alexander 
Graham  Bell  invented  the  telephone,  and  gave  the  first  public  exhibition 
of  it  at  the  Centennial  Exposition  in  Philadelphia  in  1876.  At  this  time 
there  were  two  classes  of  telegraph  service  in  use — one  consisting  of  a  line 
with  two  or  more  telegraph  instruments  on  it,  the  other  consisting  of  several 
lines  coming  into  a  switchboard  arranged  for  connecting  any  two  lines 
together,  so  that  service  from  one  telegraph-line  could  be  given  over  any 
other  line  coming  into  this  exchange.  It  was  quite  natural  that  the 
telephone  should  be  connected  in  the  same  manner  from  the  time  of 
its  advent,  and  in  1877  numerous  small  telephone  exchanges  built  on 
the  principle  of  telegraph  exchanges  were  installed  in  the  United  States. 
Different  methods  of  signalling  the  operator  at  the  central  office,  and  in 
turn  enabling  the  operator  to  signal  the  wanted  telephone  subscriber,  were 
adopted  ;  but  the  general  arrangement  finally  settled  upon  consisted  in  a 
small  magneto  generator  at  the  subscriber’s  station,  with  which  he  used  to 
operate  what  is  commonly  known  as  a  “  drop  ”  at  the  central  office. 
Circuits  on  this  principle  were  grouped  into  a  magneto  switchboard— the 
name  “  magneto  ”  being  obtained  from  the  small  magneto  generator  at 
the  telephone  subscriber’s  premises. 

As  the  number  of  subscribers  coming  into  any  given  central  office 
increased  it  soon  became  impossible  for  one  operator  to  do  all  the  connect¬ 
ing  necessary,  and  when  a  number  of  operators  were  employed  it  was  not 
possible  for  any  one  of  the  number  to  connect  directly  from  one  subscriber 
to  all  the  other  subscribers  in  the  exchange  ;  therefore  a  system  of  trunking 
was  arranged,  consisting  of  lines  going  from  one  operator’s  switchboard  or 
position  to  the  positions  of  other  operators.  With  this  arrangement  any 
subscriber  calling  in  to  the  office  would  attract  the  attention  of  one 
operator,  and  she,  on  ascertaining  that  connection  was  desired  with  a 
subscriber  whose  line  terminated  in  front  of  some  other  operator  in  the 
exchange,  would  connect  the  calling  party’s  line  with  one  of  these  trunk 
lines  to  the  other  operator,  and  request  the  other  operator  to  complete 
the  desired  connection. 

A  later  development  in  the  art  which  was  found  to  save  considerable 
time  in  completing  connections  was  to  have  a  multiple  of  all  the  subscribed 
lines  in  the  exchange  appear  in  front  of  each  operator  in  the  exchange.  In 
other  words,  supposing  there  were  six  operators  in  the  exchange,  certain 
of  the  lines  would  terminate  in  front  of  each  one  of  the  six,  and  each 
operator  would  answer  calls  on  her  particular  lines.  In  addition  to  this 
termination  there  would  be  extra  points  on  each  line  appearing  in  front  of 
each  one  of  the  other  five  operators,  so  that  any  operator  could  complete 
a  connection  directly  from  a  subscriber  calling  her  to  any  subscriber  who 
had  access  to  the  exchange,  thereby  doing  away  with  the  necessity  of 
handling  the  call  through  two  operators.  As  the  business  grew  still  further 
it  became  necessary  to  have  more  than  one  exchange  in  a  given  district. 
In  order  to  handle  calls  under  these  conditions  trunks  such  as  were  formerly 
used  from  one  operator’s  position  to  another  were  now  extended  from  one 
switchboard  to  another  switchboard  in  the  same  district,  and  a  connection 
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would  be  handled  through  two  operators — one  in  the  office  in  which  the  call 
originated,  and  one  in  the  office  of  the  line  to  which  connection  was  desired. 

Systems  operating  as  above  were  used  for  a  number  of  years,  and  then 
it  occurred  to  telephone-designers  that  some  simpler  and  cheaper  method 
of  attracting  the  attention  of  the  operator  might  be  obtained,  and  a  number 
of  exchanges  were  installed  in  which  the  simple  removing  of  the  telephone 
from  the  switch-hook  operated  a  calling-device  at  the  central  office  by 
means  of  current  flowing  through  this  device  from  the  central  office  out 
over  the  subscriber’s  line.  These  calling-devices  at  first  were  magnetic 
signals,  and  later  small  incandescent  lamps  were  used.  During  this  period 
the  subscribers  continued  to  use  small  primary  batteries  at  their  stations 
to  supply  current  for  talking  purposes. 

All  this  while  develop¬ 
ment  was  being  rapidly 
carried  out,  and  in  1896 
the  first  common  -  battery 
switchboard  was  installed. 

This  marked  a  great  ad¬ 
vance  over  all  previous  types 
of  switchboards.  In  this 
system  the  battery-current 
for  both  signalling  and  talk¬ 
ing  purposes  was  furnished 
from  the  central  office,  doing 
away  not  only  with  the 
magneto  generator  at  the 
subscriber’s  station,  but  also 
with  the  primary  batteries, 
which  had  always  been  a 
source  of  considerable  an¬ 
noyance  and  expense  to  the 
telephone  companies. 

Since  1896  common- 
battery  systems  have  been 
generally  adopted  in  all 
large  exchanges  throughout 
the  world,  and  although 
many  refinements  have  been 
made  to  the  system,  and  the 
talking  efficiency  and  sim-  Fig.  1. — Subscriber's  dial, 

plicity  of  operation  in  the 

exchange  greatly  increased,  no  radical  changes  in  underlying  principles  were 
made  until  the  advent  of  the  automatic  telephone  systems. 

Experimental  and  development  work  on  automatic  systems  was  com¬ 
menced  as  far  back  as  the  time  when  common-battery  systems  were  first 
being  seriously  considered,  and  some  designs  of  these  systems,  more  or  less 
satisfactory  in  operation,  have  been  on  the  market  for  about  twenty 
years  ;  but  it  is  only  within  the  last  decade  that  they  have  attained  such 
perfection  that  the  British  Government  has  considered  it  advisable  to  install 
such  systems  in  its  exchanges. 

The  difference  between  automatic  systems  and  previous  systems,  which 
are  now  all  classed  under  the  general  heading  of  “  manual  ”  systems,  is 
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that  instead  of  having  an  operator  at  the  exchange  to  complete  the  con¬ 
nection  for  the  subscriber,  machinery  is  used  to  accomplish  this  result, 
and  this  machinery  is  controlled  by  the  subscriber  himself  from  his  telephone 
set  by  means  of  a  dial.  On  this  dial  (fig.  1)  appear  a  series  of  numbers 
from  0  to  9,  and  the  face  of  the  dial  is  rotatable  to  any  number  at  the  will 
of  the  subscriber. 

In  operating  such  a  system  the  subscriber  removes  his  receiver,  and 
thereby  causes  a  certain  machine  in  the  exchange  to  become  connected  to 
his  line.  He  then  operates  his  dial,  which  controls  the  operation  of  one 
machine  after  another  until  connection  is  secured  with  the  line  of  the 
particular  subscriber  wanted.  This  subscriber’s  bell  is  then  rung,  and  when 
he  answers  the  connection  is  completed  in  such  a  manner  that  the  two 
subscribers  can  converse.  The  replacing  of  the  receiver  on  the  switch-hook 
sends  all  the  machinery  back  to  normal,  and  leaves  the  subscriber's  line 
in  condition  ready  to  be  used  again  for  other  connections. 

The  latest  common-battery  systems,  as  explained  above  in  connection 
with  the  later  design  of  magneto  systems,  are  arranged  with  large  multiples- 
of  all  the  subscribers’  lines,  so  that  any  operator  can  connect  a  calling 
subscriber  directly  with  any  other  subscriber  in  the  exchange.  Strange 
as  it  may  seem,  this  arrangement  does  not  work  out  well  in  automatic 
systems,  and  in  order  to  obtain  satisfactory  operation  first  principles  were 
reverted  to,  and  connections  are  secured  by  working  through  trunks  in 
conjunction  with  groups  of  predetermined  size. 

Some  systems  are  worked  on  what  is  known  as  the  decimal  basis.  In 
such  a  system — say,  for  10,000  lines — the  subscribers’  lines  are  grouped 
into  sets  of  100  each  ;  again,  10  groups  of  100  are  arranged  in  a  group  of 
1,000,  10  of  these  in  turn  being  grouped  into  the  one  lot  of  10,000  lines. 
The  method  of  securing  a  certain  line  is  to  have  the  calling  subscriber,  after 
removing  his  receiver,  connected  by  means  of  trunks  to  the  correct  group 
of  1,000,  then  of  100,  and  then  to  find  in  this  group  of  100  the  particular 
group  of  10  desired,  and  finally  to  become  connected  with  the  particular 
unit  which  is  the  line  desired.  The  controlling  of  this  selecting  is  done 
by  the  subscriber  in  connection  with  his  dial.  In  a  system  10,000  lines,  the 
lines  would  be  numbered  from  0000  to  9999,  and  it  is  necessary  for  the 
subscriber  to  operate  his  dial  four  times,  each  time  corresponding  to  one 
of  the  four  digits  in  the  number  desired.  As  mentioned,  the  connection  is 
completed  through  trunks  from  one  group  to  another.  Now,  in  any  given 
exchange  there  will  be  a  number  of  connections  in  process  of  completion 
at  the  same  time  to  any  group  of  lines,  also  a  number  of  completed  con¬ 
nections  in  use.  This  necessitates  a  number  of  trunks  being  supplied  from 
one  group  to  another,  and  the  number  of  these  trunks  depends  upon  the 
average  number  of  times  each  subscriber  calls  per  day  and  the  average 
length  of  time  each  conversation  lasts. 

The  subscriber  in  manipulating  his  dial  connects  himself  to  a  set  of 
trunks  each  terminating  in  a  machine  associated  with  the  group  through 
which  the  connection  is  to  be  completed,  and  the  exchange  apparatus  picks 
out  an  idle  trunk  from  this  set. 

Owing  to  engineering  reasons,  economy  in  trunks  and  machines  is  secured 
in  a  system  by  having  the  final  group  of  subscribers’  lines  larger  than  100, 
and  in  the  system  now  being  installed  in  New  Zealand  these  final  groups 
consist  of  200  lines  each,  and  in  this  case  the  next  grouping  is  2,000  ;  and 
when  more  lines  are  wanted  the  next  general  grouping  is  for  20,000,  and 
so  on. 
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However,  for  the  sake  of  clearness  in  this  description  systems  dealing 
with  only  10,000  lines,  having  the  small  groups  of  100  lines  each,  will  be 
discussed. 

Operation, 


When  the  subscriber  first  removes  his  telephone  fromTthe  hook,  current 
flows  out  from  the  central  office  through  a  relay,  through  the  subscriber’s 
line  and  telephone,  and  back  to  the  battery  at  central  office.  This  relay 
becomes  energized,  and  in 
turn  closes  a  local  circuit, 
which  starts  several  line- 
finders  hunting  for  the 
particular  line  calling. 

The  various  mechanisms 
used  in  establishing  con¬ 
nections  are  shown  grouped 
in  fig.  2.  The  switches  are 
all  of  the  rotating  type,  and 
are  driven  by  means  of  the 
constantly  running  vertical 
shafts,  which  drive  indi¬ 
vidual  horizontal  shafts, 
which  are  connected  to  each 
switch  by  means  of  mag¬ 
netic,  clutches  which  are 
energized  when  a  switch  is 
to  be  rotated. 

A  line-finder  is  shown  in 
fig.  3.  When  this  rotates  it 
wipes  connecting-brushes 
over  the  line  -  terminals 
shown  at  the  back. 

A  number  of  lines  are 
accessible  to  a  group  of  these 
line  -  finders  (see  left  -  hand 
bay  of  fig.  2),  and  when  one 
of  these  mechanisms  has 
become  connected  with  the 
particular  line  calling,  con¬ 
nection  is  continued  from  the 
subscriber’s  line  to  another 
mechanism,  known  as  a 
group  -  switch  (fig.  4,  left 

hand),  which  is  to  be  used  for  selecting  a  trunk  to  the  particular  group 
of  1,000  in  which  the  desired  number  appears.  Attached  to  the  circuit 
connecting  the  line-finder  and  the  group-switch  are  a  set  of  registers  (fig.  5), 
and  as  the  subscriber  manipulates  his  dial  in  accordance  with  the  digits  of 
the  particular  number  desired  these  registers  revolve  until  they  assume 
positions  corresponding  with  these  particular  digits.  These  registers  are 
used  to  record  and  store  the  number  in  such  a  way  that  the  further  move¬ 
ments  of  all  the  mechanisms  necessary  in  completing  the  connection  will 
be  controlled  by  the  register  set.  If,  for  analogy,  we  liken  the  automatic 
central-office  equipment  to  a  large  machine-works  which  receives  cus¬ 
tomers’  orders  for  all  kinds  of  parts,  we  may  compare  the  register  sets  to 


Fig.  2. — Switches  mounted  on  base. 
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Fig.  3. — Line-finder. 


Fig.  4. — Group-switch  or  final  switch, 
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the  order  clerk  who,  upon  receiving  the  orders,  enters  them  in  shop  form 
and  distributes  them  throughout  the  works  so  that  they  are  received  in 
the  correct  department  and  executed  in  accordance  with  the  customers’ 
wishes. 


The  first  machine  to  move  after  the  impulses  have  been  sent  into  the 
register  set  (in  fact,  this  machine  starts  to  move  as  soon  as  the  first  digit 
has  been  sent  into  the  register  set)  is  the  group-switch  which  was  spoken 
of  before.  You  will  notice  a  small  shaft  at  the  left-hand  side  of  this 
mechanism,  in  which  there  are  a  number  of  pins  projecting  radially  and  in 
a  spiral  relationship  to  each  other.  This  shaft  has  at  the  bottom  of  it  a 
toothed  wheel,  or  interrupter,  on  which  there  are  ten  notches,  and  the 
shaft  now  revolves  to  the  extent  of  so-many  notches,  depending  upon  the 
number  stored  up  in  the  thousands 
register,  this  being  the  register  which 
recorded  the  number  of  the  first  digit 
sent  in  by  the  subscriber.  When  this 
shaft,  or  trip-spindle,  has  revolved 
this  predetermined  number  of  notches 
it  is  automatically  stopped  by  the 
thousands  register  being  in  its  home 
or  normal  position,  as  this  register 
has  been  stepped  home  in  electrical 
synchronism  with  the  forward  move¬ 
ment  of  the  trip-spindle.  In  this 
predetermined  position  of  the  trip- 
spindle,  one,  and  only  one,  of  the  radial 
teeth  is  projecting  in  the  path  of  the 
hard  rubber  portions  of  the  brush - 
carriage,  or  larger  revolving  member 
on  the  group-switch,  and  at  this  time 
the  circuit  is  so  arranged  that  the 
brush-carriage  starts  to  revolve,  and 
when  it  passes  the  line  of  radial  pins 
on^  the  trip-spindle  one  set  of  brushes 
is  released,  and,  as  the  brush-carriage 
continues  to  revolve,  this  one  predeter¬ 
mined  set  is  dragged  across  the  face 
of  the  terminals  on  the  terminal  arc. 

This  terminal  arc  is  divided  into  ten 
levels  corresponding  to  the  thousands, 

each  level  consisting  of  a  series  of  sets  of  three  terminals  each.  These 
sets  of  three  terminals  represent  trunks  from  this  group-switch  to  the 
switches  of  the  ten  sets  of  thousands,  and  as  the  brush-carriage  drags 
one  set  of  brushes  over  one  level  of  terminals  it  makes  an  electrical 
test  to  determine  which  one  of  these  sets  is  disengaged,  and,  having  run 
on  to  a  disengaged  set,  the  mechanism  stops  revolving,  and  connection 
is  now  completed  from  the  subscriber’s  telephone,  through  the  line-finder, 
through  the  group-switch,  on  to  a  trunk  leading  into  the  desired  group 
of  1,000  lines.  This  trunk  terminates  in  a  second  group  -  switch, 
which  is  identical  in  construction  and  operation  with  the  group-switch 
just  described,  and  this  second  group-switch  is  connected  with  the  hundreds 
register  in  the  register  set,  and  a  certain  level  is  selected  by  the  trip-spindle, 
depending  upon  the  setting  of  the  hundreds  register,  and  subsequently  a 


Fig.  5. — Register. 
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free  trunk  is  obtained  in  this  level  which  leads  the  subscriber’s  connection 
to  the  particular  group  of  100  lines  in  which  is  to  be  found  the 
desired  line.  This  trunk  in  turn  terminates  on  what  is  known  as  a  “  final 
machine,”  which  is  very  similar  to  the  group-switch,  the  only  difference 
being  that  after  selecting  a  particular  level  it  selects  some  particular 
number  in  this  level  instead  of  hunting  for  a  trunk.  Its  operation  is, 
first,  to  have  the  trip-spindle  set  in  accordance  with  the  number  as  recorded 
on  the  tens  register,  and  then  to  drag  the  particular  set  of  brushes  selected 
over  the  particular  level  of  terminals  in  which  is  to  be  found  the  desired 
line.  Instead  of  simply  hunting  over  these  terminals  its  forward  progress 
is  controlled  by  means  of  the  units  register,  and  when  it  has  sent  the  units 
register  home  to  its  normal  position  its  forward  motion  is  arrested  and  it 
is  connected  to  the  line  of  the  desired  subscriber.  At  this  stage  of  the 
connection  a  test  must  be  made  to  determine  whether  the  subscriber’s 
line  is  in  use  or  whether  it  is  free,  as  it  may  at  this  particular  moment  be 
connected  to  the  line  of  some  other  subscriber  in  the  exchange.  If  the 
line  is  found  to  be  engaged  an  interrupted  tone  is  given  to  the  calling 
subscriber  to  notify  him  that  the  connection  cannot  at  this  time  be  com¬ 
pleted,  and  the  calling  subscriber  should  hang  up  his  telephone  and 
attempt  the  connection  at  a  later  time.  However,  if  the  line  is. free  when 
his  test  is  made,  current  to  ring  the  called  subscriber’s  bell  is  intro¬ 
duced  on  the  called  subscriber’s  line,  and,  when  the  called  subscriber 
answers,  his  ringing  current  is  cut  off,  and  battery  for  talking  is  con¬ 
nected  to  his  line  in  such  a  way  that  the  two  subscribers  can  now  converse 
with  each  other. 

When  the  conversation  is  completed  and  the  subscribers  restore  their 
telephones  to  the  hook  the  circuits  through  their  lines  are  broken,  and  all 
the  mechanisms  used  to  complete  the  connection  return  to  their  home  or 
normal  positions. 

As  will  be  readily  appreciated  from  this  brief  outline  of  the  progress 
‘of  a  connection  through  an  automatic  exchange,  numerous  different 
electrical  conditions  must  be  obtained  to  accomplish  the  different  results 
desired,  and  these  combinations  of  electrical  conditions  are  controlled  by 
the  sequence  -  switch,  which  has  been  often  termed  the  brains  of  the 
system.  n. 

As  shown  on  fig.  6,  there  are  a  number  of  sets  of  springs  on  this 
sequence-switch,  the  middle  spring  of  the  set  being  arranged  to  assume 
three  different  positions — No.  1,  resting  against  the  right-hand  spring  ; 
No.  2,  touching  neither  right-  nor  left-hand  spring  ;  and  No.  3,  resting 
against  the  left-hand  spring.  The  position  of  this  middle  spring  is  deter¬ 
mined  by  the  cam  (G2)  associated  with  the  spring.  It  will  be  noticed  that 
each  one  of  these  cams  has  its  periphery  cut  in  different  shapes,  and  the 
shape  of  this  cutting  determines  the  position  of  the  spring  associated  with 
the  cam.  When  this  cam  is  rotated  about  its  axis  it  causes  the  spring  to 
assume  different  positions,  depending  upon  the  form  of  the  cams.  The 
whole  set  of  cams  are  fastened  together  on  the  shaft  which  goes  through 
the  middle,  and  this  member  is  rotatable  through  any  one  of  eighteen 
different  positions.  It  may  stop  in  any  one  of  these  positions,  the  cutting 
of  the  different  cams  in  each  one  of  these  positions  determining  the 
relationship  of  the  various  springs  on  the  sequence-switch.  So  it  will  be 
seen  that  a  great  number  of  different  electrical  combinations  may  be  set 
up  on  any  one  of  the  sequence-switches,  the  circuits  for  these  com¬ 
binations  being  led  through  the  springs  so  as  to  be  made  through  the 
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right-hand  spring,  not  made  at  all,  or  made  through  the  left-hand  spring 
on  each  set. 

At  each  stage  in  the  progress  of  a  connection  one  of  these  sequence- 
switch  shafts  moves  to  a  new  position  and  prepares  the  circuit  combinations 
for  the  next  step  in  the  progress.  The  registers,  which  were  mentioned 
before,  are  built  on  the  same  general  principles  as  the  sequence-switches, 
and  operate  in  the  same  general  manner. 

The  method  of  rotating  the  various  mechanisms  was  touched  upon 
on  a  previous  page.  This  system  is  constructed  with  what  is  known  as 
power  drive.  In  fig.  4,  showing  one  machine,  the  spool  under  the  middle 
of  the  brush-carriage  is  an 
electro  -  magnet,  which  when 
energized  attracts  the  plate 
directly  above  the  spool 
against  the  plate  on  the  small 
horizontal  shaft  going  through 
the  middle  of  the  electro¬ 
magnet.  This  small  horizon¬ 
tal  shaft  is  directly  geared  to 
the  vertical  shaft  at  the  left 
of  the  bay  of  machines.  The 
vertical  shaft  is  in  turn  geared 
to  a  horizontal  shaft  running 
along  the  base  of  all  the  bays, 
and  this  latter  shaft  is  con¬ 
stantly  run  by  means  of  a 
small  motor.  It  necessarily 
follows  that  when  the  electro¬ 
magnet  is  energized  the  two 
plates  are  brought  together 
and  the  brush -carriage  must 
revolve,  and  when  the  electro¬ 
magnet  is  de-energized  the 
brush  -  carriage  will  remain 
wherever  it  may  be  at  that 
given  instant.  The  same 
method  is  adopted  for  driving 
the  trip-spindle  at  the  left  of 
the  group  -  switch,  and  for 
driving  the  sequence  -  switch 
shown  at  the  right.  By  the 
adoption  of  this  power  drive 
in  an  automatic  exchange 
great  simplicity  is  secured,  and  at  the  same  time  absolute  reliability  in 
operation.  In  some  of  the  earlier  forms  of  automatic  systems  the  mechanisms 
were  caused  to  advance  by  means  of  what  is  generally  spoken  of  as  a 
step-by-step  mechanism,  which  consisted  of  a  small  ratchet  or  dog  arrange¬ 
ment  being  operated  by  an  electro-magnet  so  that  the  mechanism  advanced 
one  notch  every  time  the  magnet  became  energized. 

Power  Plant. 

The  power  for  operating  all  switch-clutches,  relays,  &c.,  and  for  supplying 
the  subscriber  with  current  for  talking,  is  obtained  from  a  storage  battery 


Fig.  6. — -Sequence-switch. 
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of  about  50  volts  potential  located  in  the  exchange  building.  The  battery 
is  charged  by  a  65-volt  generator,  run  either  by  an  electric  motor  attached 
to  the  city  mains  or  by  a  petrol  engine. 

Special  Services. 

In  any  exchange  equipment  it  is  necessary  to  give  several  kinds  of 
special  service  in  addition  to  the  regular  service  of  connecting  one  sub¬ 
scriber’s  line  to  another.  For  instance,  in  some  districts  more  than  one 
subscriber  has  his  telephone  connected  to  the  same  line,  such  an 
arrangement  being  called  a  “  party  line.”  For  this  service  it  is  neces¬ 
sary  to  differentiate  between  the  parties  when  a  call  is  completed  to 
the  line.  In  automatic  service  this  is  accomplished  at  the  final  machine 
by  means  of  a  certain  form  of  current  being  connected  to  ring  the 
called  subscriber’s  bell,  this  form  of  current  depending  upon  the  number 
called  for. 

Another  class  of  service  is  that  of  private  branch  exchanges,  consisting 
of  several  lines  coming  to  one  subscriber’s  premises — for  instance,  to  a 
large  office  or  works  or  shop  ;  and  in  the  event  that  one  of  these  lines 
should  be  busy  it  is  desirable  that  the  connection  should  be  completed 
over  another  one  of  the  lines  without  the  subscriber  having  to  call  another 
number.  This  is  also  taken  care  of  in  automatic  systems  at  the  final 
machine  by  the  subscriber  calling  only  one  number,  and  in  the  event  that 
the  first  line  called  for  is  found  to  be  busy  the  final  machine  automatically 
tests  over  the  whole  group  of  lines  leading  to  the  subscriber’s  premises- 
until  one  which  is  not  in  use  is  selected,  and  the  connection  is  then  com¬ 
pleted  over  this  free  line.  Of  course,  in  the  event  that  all  these  lines  should 
be  engaged  the  “  busy  ”  tone  before  mentioned  would  be  given  to  the  calling 
subscriber. 

For  toll  service  the  subscriber  calls  a  certain  number,  which  connects 
him  to  one  of  a  group  of  lines  running  to  the  toll  operator,  who  then 
handles  his  call  as  in  a  manual  equipment.  This  same  operation  is  used 
in  case  the  subscriber  wishes  to  obtain  information  or  make  complaints, 
another  number,  of  course,  being  used  in  making  the  call,  and  the  con¬ 
nection  is  secured  to  the  information  and  complaint  operator. 

Automatic  Telephone  Area. 

In  a  small  exchange  area  up  to  about  two  thousand  lines  it  is  customary 
to  have  all  the  switching  equipment  in  one  central  office.  In  most  larger 
areas  this  is  not  found  to  be  economical,  as  such  an  arrangement  would 
mean  running  a  pair  of  wires  from  this  one  exchange  to  a  great  distance- 
in  some  cases  for  each  subscriber,  and  the  mileage  of  subscribers’  wires 
would  be  much  greater  than  if  two  or  more  exchanges  should  be  used. 
On  the  other  hand,  with  more  than  one  exchange  wires  are  needed  for 
trunks  between  the  various  exchanges  ;  also  extra  buildings  are  needed, 
and  a  slight  extra  maintenance  expense  is  incurred  on  account  of  having 
the  equipment  decentralized.  These  extra  charges  have  to  be  weighed 
against  the  saving  in  subscribers’  wire  in  determining  the  location  and 
size  of  exchanges  As  typical  cases  :  The  Wellington  area  has  been  laid 
out  to  provide  for  exchanges  located  as  follows  when  the  automatic  system 
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is  complete — Stout  Street,  Courtenay  Place,  Newtown,  Kelburn,  Hutt  and 
Petone,  Khandallah,  Wadestown,  Karori,  Brooklyn,  Island  Bay,  Miramar  ; 
the  Auckland  area  for  Wellesley  Street,  Bemuera,  Ponsonby,  Mount  Eden, 
Devonport,  Takapuna,  Birkenhead,  Onehunga. 

Trunks. 

The  number  of  trunks  and  attendant  switches  needed  between  groups 
of  machines,  whether  in  the  same  office  or  in  different  offices,  is  very 
necessary  to  ascertain,  as  in  either  case  they  determine  the  first  cost  of  the 
exchange  equipment,  and,  where  used  between  offices,  the  cost  of  cable- 
pairs. 

As  many  switches  must  be  supplied  in  any  group  as  there  are  connec¬ 
tions  to  be  established  simultaneously.  It  is  of  great  importance  to  supply 
the  correct  number  of  switches  for  such  maximum  traffic,  as  a  lack  of  switches 
inevitably  entails  a  delay  or  a  failure  to  establish  connections,  and  an  excess 
of  switches  involves  depreciation  and  maintenance  of  costly  and  useless 
equipment. 

The  problem  of  predicting  the  maximum  number  of  simultaneous  con¬ 
nections,  corresponding  with  a  given  number  of  calls  passing  at  a  given 
rate,  is  one  that  closely  resembles  those  treated  by  the  mathematical  doctrine 
of  probability.  Expressed  mathematically,  it  concerns  the  relation  existing 
between  the  total  number  of  events  in  a  period  occurring  on  a  chance  basis 
and  the  number  of  the  events  existing  simultaneously,  such  event  having 
a  given  duration.  As  switches  must  be  provided  for  the  total  number 
existing  simultaneously,  it  is  the  maximum  number  of  events  existing 
simultaneously  during  the  period  that  must  be  determined. 

Such  maxima  will  vary  with  the  time  of  duration  of  each  event.  Maxima 
will  increase  as  the  time  of  duration  increases.  Maxima  will  also  vary  with 
the  degree  of  accuracy  or  failure-frequency  that  was  premised.  A  given 
maximum  will  be  exceeded  less  often  than  a  maximum  of  smaller  magnitude. 
In  a  switchboard,  for  example,  it  may  happen  only  once  a  week  that  more 
than  ten  cord  circuits  are  simultaneously  in  use,  but  it  would  happen  only 
once  in  six  months  that  more  than  fourteen  are  in  use.  The  larger  maximum 
is  exceeded  more  rarely  ;  in  other  words,  the  failure-frequency  decreases 
with  the  large  maxima. 

The  probability  calculations  investigating  these  relations  resulted  in  a 
series  of  charts,  which  were  deduced  purely  from  the  mathematical  theory. 
The  question  was  then  raised  whether  actual  telephone  traffic  is  so  distri¬ 
buted  in  the  ordinary  telephone  exchange  that  it  is  accurately  represented 
by  the  mathematical  curves  deduced.  A  careful  comparison  of  the  cal¬ 
culated  results  with  those  obtained  from  a  study  of  actual  telephone  traffic 
under  varying  conditions  showed  that  there  is  a  close  agreement.  It  is  not 
a  surprise  that  such  close  agreement  should  be  found,  as  American  operating 
companies  have  for  years  used  similar  curves  for  predicting  simultaneous 
maxima  for  given  traffic  data,  upon  which  basis  toll-lines  were  then  con¬ 
structed.  Besides  permitting  the  accurate  prediction  of  the  number  of 
machines  required  in  any  group  for  a  given  busy-hour  traffic,  these  curves 
and  formulae  enable  the  investigator  to  study  the  larger  problem  of  junction- 
group  efficiency  and  its  effect  on  the  economical  size  of  machine. 
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THE  EFFICIENCY  OF  THE  FROZEN-MEAT  INDUSTRY. 

By  G.  L.  D.  James,  A.S.R.E. 

There  is  room  for  improvement  in  this  industry,  and  that  some  one  has 
partially  realized  this  at  the  London  end  is  evidenced  by  recent  news¬ 
paper  reports,  for  we  are  informed  that  it  has  been  decided  in  London  that 
a  Scientific  Board  of  Research  is  to  be  set  up  to  investigate  the  subject 
of  the  cold  storage  of  meat,  and  that  two  Australasian  representatives  will 
be  included  on  the  Board.  The  information  is  so  meagre  that  it  leaves 
a  wide  field  of  speculation  as  to  what  particular  benefits  are  aimed  at. 
That  the  condition  and  quality  of  frozen  meat  are  receiving  the  attention 
of  at  least  one  individual,  however,  is  shown  us  by  a  later  cable,  which 
reports  the  fact  that  some  sheep  have  been  slaughtered  in  England,  stored 
for  160  days  to  cover  an  average  transportation  period,  thawed  out,  and 
bacteriologically  examined. 

It  is  a  surprising  fact  that  our  frozen-meat  industry  has  been  allowed 
to  continue  for  so  many  years  without  a  thorough  scientific  and  practical 
investigation,  and  now  that  outside  attention  has  been  partially  drawn 
to  the  subject  it  is  to  be  hoped  that  the  industry  will  itself  see  that  the 
investigation  be  developed  into  a  general  one,  covering  the  trade  from  the 
live  stock  to  the  retail  butcher’s  block  in  England.  The  operations  of  a 
Board  or  of  individuals,  such  as  reported,  can  be  of  but  little  value  unless 
their  work  extends  to  the  producing  countries. 

There  is  ample  room  for  improvement  in  efficiency,  but  there  is  no  room 
for  the  slightest  increase  in  the  cost  of  the  production  ;  therefore  we  must 
strive  either  to  increase  the  weight  without  increasing  the  expenditure,  or 
to  decrease  the  expenditure  on  the  present  weight  and  to  obtain  full  value 
for  the  weight  we  are  producing.  New  Zealand  meat  commands  a  market 
and  a  price  on  the  Home  market,  but  I  am  sure  that  there  is  a  limit  to  those 
conditions,  and  that  had  it  not  been  for  the  present  crisis  that  limit 
would  have  been  about  reached.  The  crisis  has  only  postponed  our 
awakening. 

New  Zealand  has  been  the  envy  of  other  stock-producing  countries, 
but  these  have  been  steadily  establishing  their  meat-works  and  improving 
their  stocks  with  the  idea  of  wresting  our  markets  from  us.  It  is  possible 
now  that  these  years  of  war  will  complete  their  preparation,  and  that  when 
normal  times  again  resume  we  may  feel  their  weight.  All  other  countries 
are  nearer  than  we  are  to  the  Home  markets,  and  in  most  of  them  the  cost 
of  labour  is  less.  Investigations  should  be  instituted  without  delay,  so  that 
whatever  improvements  can  be  obtained  will  be  available  for  practical  use 
to  meet  competition  upon  the  termination  of  Imperial  control. 

New  Zealand  has  need  to  be  self-reliant  as  to  the  methods  adopted  to 
increase  the  efficiency  of  her  freezing- works.  I  have  visited  meat-works  in 
Australia,  the  United  States,  and  South  America,  and  believe  that  each  of 
these  countries  can  teach  us  something,  but  yet  that  it  would  not  be  prac¬ 
ticable  to  combine  the  best  features  of  each  in  a  works  for  New  Zealand, 
•a s  there  are  local  conditions  regarding  class  of  stock,  climate,  and  labour 
which  have  to  be  considered  as  peculiar  to  this  country.  There  are  several 
systems  of  refrigeration  in  vogue  here,  but  no  effort  has  been  made  to  check 
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the  results  obtained  under  each  separate  system,  or  to  ascertain  what 
results  could  be  obtained  by  a  combination  of  systems.  A  designer  of 
works  incorporates  in  his  design  all  the  elements  within  his  knowledge 
which  make  for  efficiency,  and  often  introduces  innovations  with  the  object 
of  making  an  improvement.  If  he  did  not,  progress  would  be  at  a  standstill. 
Nevertheless  these  attempts  at  improvement  must  necessarily  be  of  a  minor 
nature,  for  the  risk  of  any  radical  change  is  too  great.  Even  minor  innova¬ 
tions  are  introduced  at  the  risk  of  censure,  for  should  they  not  come  up 
to  expectations  the  right  of  the  designer  to  experiment  at  his  employer’s, 
expense  is  questioned.  It  is  possible  that  he  may  depart  from  standard 
practice  in  a  dozen  points  and  that  eleven  of  them  may  come  up  to  expecta¬ 
tions,  but  these  are  simply  taken  as  a  matter  of  course,  and  the  benefits 
derived  from  them  are  completely  overshadowed  by  the  seriousness  of  the 
offence  in  trying  the  one  which  proved  a  failure. 

Employers,  if  consulted  with  regard  to  trying  a  new  idea,  almost  invari¬ 
ably  turn  the  proposition  down  and  instruct  one  to  adhere  to  the  established 
method.  Such  a  decision  is  easily  understood,  but  it  is  this  attitude  which 
blocks  attempts  to  improve  our  methods,  and  so  “  precedent  becomes  the 
greatest  obstacle  to  advancement."  If  the  individual  is  not  in  the  position 
to  take  risks,  and  the  Dominion  is  at  great  loss  under  the  existing  conditions, 
should  not  the  Government  give  the  matter  attention  ?  Individual  freezing- 
works  cannot  afford  to  upset  their  everyday  working  systems  to  try  experi¬ 
ments.  The  risk  of  treating  a  day’s  kill  is  too  great,  and  no  works  is  so 
equipped  that  it  can  run  tests  upon  small  quantities.  Again,  if  it  is  left  to 
individual  works  to  discover  better  methods,  it  is  hardly  likely  that  they 
will  be  willing  to  make  public  to  their  competitors  any  improvement  they 
have  been  at  the  expense  of  discovering.  The  present  time  seems  inoppor¬ 
tune  to  approach  a  Government  to  finance  an  experimental  establishment, 
but  now  is  the  crucial  moment.  There  has  been  too  long  a  delay  already, 
and  it  is  absolutely  necessary  for  us  to  put  our  house  in  order  to  meet  the 
competition  we  shall  get  wdien  normal  times  resume. 

The  most  serious  loss  is  the  loss  of  weight  between  that  of  the  live  stock 
and  the  mutton  as  sold.  This  loss  is  enormous,  but  it  is  not  all  attributable 
to  freezing  methods,  and  is  the  result  of  several  causes  which  I  shall  now 
endeavour  to  state. 

Location  of  Works. 

The  droving  or  railing  of  stock  any  appreciable  distance  occasions  loss, 
which  I  think  can  be  safely  taken  at  5  per  cent.,  and  is  due  to  fretting, 
sweating,  bruising,  dog-bite,  bone-taint,  and,  when  stock  is  on  the  lower 
margin  of  a  grade,  to  loss  of  grade.  In  addition,  there  is  stock  which  would 
be  fit  to  slaughter  at  a  local  works  but  which  is  not  fit  to  travel,  and  so 
has  to  be  carried  over  until  the  following  season.  Lambs  are  particularly 
sensitive  to  travel. 

The  greatest  percentage  of  bone-taint  may  be  ascribed  to  the  slaughtering 
of  cattle  before  the  excitement  of  travel  has  worn  off.  To  reduce  this  excite¬ 
ment  holding-paddocks  are  necessary.  In  -any  case,  they  are  essential  to 
a  well-regulated  operation  of  a  works.  With  holding-paddocks  the  works 
can  run  at  an  even  rate  and  more  efficiently. 

These  considerations  indicate  the  fact  that  the  greatest  proportion  of 
dead  to  live  weight  is  obtained  when  a  works  is  placed  in  the  area  of  pro¬ 
duction  where  it  is  possible  to  provide  holding-paddocks.  As  a  plentiful 
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supply  of  water  and  railing  or  lightering  facilities  are  essential,  they  must 
also  receive  due  consideration.  The  principal  objections  to  placing  a  works 
in  the  area  of  production  as  against  at  the  oversea  shipping  port  are  the  cost 
of  railing  inland  the  supplies  for  the  works,  which  in  the  case  of  barrels, 
bagging,  &c.,  have  to  be  again  freighted  out  when  filled,  and  the  cost  and 
risk  of  railing  frozen  products.  If  the  advantages  of  placing,  a  works  at  the 
seaport  just  balance  the  losses  due  to  railing  live  stock,  then  still  the  works 
should  be  placed  in  the  producing  area,  for  although  no  extra  profit  may  be 
made  there  is  a  distinct  benefit  to  the  Dominion,  inasmuch  as  the  industry 
brings  5  per  cent,  more  money  into  circulation  in  the  meat  trade 

Loss  of  Dead-weight. 

There  is  a  reputed  loss  of  weight  in  the  meat  of  6  per  cent,  between 
the  hot  dead-weight  and  that  of  the  frozen  meat,  due  to  the  evaporation 
of  moisture  from  the  meat.  The  system  adopted  is  to  weigh  the  mutton 
carcases  hot  and  deduct  6  per  cent.  Beef  after  slaughtering  is  chilled  in 
halves,  then  quartered  and  weighed,  and  a  deduction  of  3  per  cent,  is  made 
from  the  chilled  weight,  it  being  estimated  that  3  per  cent,  is  lost  in  chilling. 
The  deduction  of  6  per  cent,  is  an  accepted  figure,  and  is  maintained  simply 
as  a  matter  of  usage,  but  it  is  not  always  correct.  Class,  condition,  and 
climate  affect  the  loss,  so  that,  while  it  may  be  correct  in  some  localities, 
in  others  weight  is  being  given  away  simply  to  maintain  a  system.  Meat- 
brokers  pay  on  the  6-per-cent,  basis  and,  as  will  later  on  be  shown,  benefit 
by  the  system. 

To  obtain  full  value  for  the  weight  the  meat  should  be  weighed  out 
of  store  at  time  of  shipment.  This  would  entail  extra  labour,  but  as  it  is 
done  in  some  countries  it  may  be  taken  that  the  extra  trouble  and  cost 
is  compensated  for.  I  advocate  the  retention  of  the  practice  of  weighing 
the  meat  hot  and  the  adoption  of  the  practice  of  weighing  the  frozen  carcase, 
for  by  taking  both  hot  and  frozen  weights  the  loss  would  be  ascertained 
exactly,  and  there  would  arise  the  greatest  incentive  to  vary  the  methods 
of  freezing  to  obtain  the  minimum  amount  of  loss. 

Naturally,  the  management  of  an  individual  works  could  only  obtain 
the  best  results  which  that  works  on  its  modus  operandi  could  give,  but  by 
comparing  the  results  from  various  works  the  most  efficient  modus  operandi 
could  be  ascertained.  The  comparison  of  results  from  various  works  would 
not,  however,  settle  the  question  finally,  for  widely  separated  works  operating 
on  the  same  system  must  vary  in  results  owing  to  differences  in  locality, 
class  of  stock,  and  climatic  conditions.  The  true  basis  could  be  obtained 
only  by  the  establishment  of  an  experimental  plant  where  all  conditions 
outside  of  mechanical  equipment  and  modus  operandi  would  be  the  same. 
The  results  would  be  applicable  to  all  localities,  classes  of  stock,  and 
climates,  but  the  percentage  of  loss  would  vary  according  to  the 
humidity  of  the  climate  unless  a  standard  humidity  were  maintained  by 
artificial  means. 

The  actual  quantity  of  meat  slaughtered  in  New  Zealand  from 
the  1st  August,  1916,  to  the  31st  July,  1917,  stated  in  terms  of  frozen 
weight,  was  380,578,4001b.,  equivalent  to  6,342,940  sheep  averaging  601b. 
weight  each.  This  represents  94  per  cent,  of  the  hot  weight,  and  the 
6-per-cent,  deduction  represents  404,868  mutton  carcases  of  60  lb.  weight. 
These  figures  show  the  importance  of  the  subject,  and  the  foregoing- 
goes  to  prove  that  research  carried  out  in  England  on  the  relation  of 
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cold  to  hot  weight  can  be  of  very  little  practical  value  to  us  at  this 
side  of  the  world. 

Transportation. 

It  is  claimed  that  there  is  a  further  loss  of  weight  due  to  evaporation 
during  transportation.  Various  ports  in  England  estimate  this  in  various 
ways,  but  the  general  average  is  2  per  cent.,  and  this  is  deducted  in  addition 
to  the  previously  mentioned  6  per  cent.  The  quaint  position  with  regard 
to  this  estimated  loss  lies  in  the  fact  that  if  the  loss  exceeds  2  per  cent, 
the  sellers  have  to  make  good,  but  if  the  loss  is  less  the  broker  gets  the 
benefit. 

If  we  are  out  of  pocket  in  this  matter  we  deserve  to  be,  for  how  much 
interest  do  our  shippers  take  in  the  transportation  ?  None  !  The  cargoes 
are  shipped  and  are  out  of  mind  until  the  Home  returns  are  due.  We 
entrust  cargoes  of  meat  equal,  say,  to  100,000  freight  carcases  of  60  lb. 
weight,  and  of  a  value,  at  5d.  per  pound,  of  £125,000,  to  ships’  officers 
whose  only  worry  is  to  land  the  cargo  hard  and  sweet. 

The  following  illuminating  report  appeared  one  time  in  one  of  our 
southern  newspapers  concerning  two  shipments  of  perishable  goods  sent 
under  refrigeration  from  the  same  store  and  by  the  same  boat.  The  first 
shipment  was  not  satisfactory,  but  the  second  was,  and  the  reason  of  the 
different  results  was  given  as  due  to  the  fact  that  in  the  first  instance  the 
deck  officers  were  given  a  bonus,  and  in  the  second  the  bonus  was  given  to 
the  engineers.  Is  the  quality  of  our  product  to  be  impaired  bv  our  lack 
of  interest  in  the  transportation  ?  I  do  not  suggest  or  advocate  the  bonus 
system,  but  I  do  suggest  that  we  should  take  an  hourly  interest  in  these 
valuable  cargoes  during  transportation. 

While  ships’  engineers  are  quite  capable  of  maintaining  desired  tem¬ 
peratures,  very  few  of  them  are  aware  of  the  effect  of  temperatures 
upon  meat.  An  engineer  endeavours  to  get  his  temperatures  well  down,  so 
as  to  have  a  reserve  for  any  contingency  which  may  interfere  with  the 
continuous  running  of  his  refrigerating  machinery.  Meat  cargoes  should 
be  carried  at  from  15°  to  17°  F.  Widely  varying  and  lower  temperatures 
are  detrimental. 

About  70  per  cent,  of  the  moisture  in  meat  is  water.  Now,  water  is 
at  its  greatest  density  at  39T°  F.,  and  freezing  increases  its  volume  one- 
seventh.  The  fabric  or  tissue,  however,  is  subject  to  the  .  general  law  of 
reduction  of  volume  upon  reduction  of  temperature.  We  have,  therefore, 
two  natural  forces  working  in  opposition  to  one  another,  the  tissue  shrinking 
around  the  swelling  ice,  and  the  result  is  the  straining  of  the  tissue  beyond 
its  elastic  limit,  causing  a  permanent  lengthening,  so  that  when  the  meat 
is  thawed  out  and  the  moisture  again  shrinks  to  its  original  volume  the 
tissue  becomes  flabby  ;  moreover,  the  blood-veins  are  burst,  and  the  blood 
permeates  the  meat  and  causes  discoloration. 

To  check  the  temperature  recording-thermometers  should  be  placed  in 
various  parts  of  the  holds,  and  the  engineers  should  be  held  responsible 
for  undue  variations.  To  establish  the  { best  conditions  of  transportation 
inspectors  should  be  sent  upon  several  of  the  boats,  and  logs  should  be  kept 
with  regard  to  temperatures,  and,  when  air-circulation  is  used,  to  velocities 
also.  These  logs  should  then  be  carefully  compared. 

The  2  per  cent,  deducted  from  the  frozen  weights  represents  126,858 
carcases,  and  is  the  minimum  loss  assumed  and  accepted.  As  the  only 
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•definite  method  of  controlling  this  estimated  loss  would  be  by  daily  super¬ 
vision  during  transportation,  how  is  it  possible  for  research  in  England 
to  be  of  practical  benefit  to  us  and  indicate  how  we  can  reduce  the  loss  ? 
If  the  true  basis  of  loss  during  transportation  is  once  established  the  question 
would  practically  be  settled  for  all  time,  and  the  onus  of  maintaining  that 
basis  should  be  upon  the  shipping  companies.  If  shipping  companies  are 
not  prepared  to  guarantee  that  they  will  maintain  a  proven  basis  and  take 
the  onus,  then  it  is  time  that  our  Government  should  step  in  and  protect 
the  industry  by  providing  transports. 


Summary  of  Losses. 

The  above  losses,  even  if  not  absolutely  correct,  give  us  when  put 
together  an  approximate  idea  of  our  loss  and  efficiency  percentage.  The 
following  table  is  based  on  the  1916-17  figures  for  frozen  meat — viz., 
6,342,940  frozen  carcases  of  60  lb.  weight.  The  assumption  is  made  that 
50  per  cent,  of  the  stock  is  railed  or  driven  some  distance  as  live  stock, 
with  a  loss  in  weight  on  this  portion  of  5  per  cent. 


Table  showing  Losses  in  Railing  and  Droving,  Freezing,  and  Transport. 


1916-17  Season. 
Equivalent  in 
601b.  Carcases. 

Percentage. 

Number  of  sheep  on  pastures 

6,920,829 

100-000 

Loss  through  railing  and  droving  (5  per 
cent,  of  50  per  cent.) 

173,021 

2-500 

Hot  weight  .  . 

6,747,808 

97-500 

Loss  through  freezing  (6  per  cent,  of  hot 
weight) 

404,868 

5-850 

Frozen  weight 

6,342,940 

91-650 

Loss  through  transportation  (2  per  cent,  of 
frozen  weight) 

126,858 

1-833 

Transported  weight 

6,216,082 

89-817 

Total  loss 

704,747 

10"  183 

Let  us  assume  that  by  experimenting  the  loss  can  be  reduced  by  one- 
seventh,  and  a  saving  of,  roughly,  100,000  carcases,  equalling  6,000,000  lb. 
weight,  can  be  made.  It  is  difficult  to  estimate  the  value  of  this  quan¬ 
tity,  for  it  must  be  taken  into  account  that  handling,  slaughtering,  bagging, 
and  shipping  costs  would  not  be  additional  to  what  are  already  paid  ; 
therefore  it  should  be  safe  to  assume  that  it  would  net  Id.  per  pound 
profit,  which  would  make  £25,000.  The  British  Army  ration  being  7  lb.  of 
meat  per  man  per  week,  our  loss  would  ration  850,000  soldiers  for  over  a 
week. 

The  question  is  not  what  have  been  our  total  losses  during  the  history 
of  our  frozen-meat  industry,  but  what  will  be  our  future  losses  unless  this 
matter  receives  the  earnest  practical  attention  of  those  to  whom  we  entrust 
the  welfare  of  our  Dominion. 
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THE  GENUS  COPROSMA  AS  A  SOURCE  OF  DYES. 

( Continued  from  page  267.) 

By  B.  C.  Aston,  F.I.C.,  Chemist  to  the  Department  of  Agriculture. 

In  this  preliminary  article  all  the  author  hopes  to  accomplish  is  to  draw 
attention  to  an  extremely  technical  subject,  which  will  require  con¬ 
siderable  further  experimental  work  on  a  larger  scale  than  is  possible  in 
the  laboratory  before  much  may  be  said  of  the  application  of  coprosma 
dyes  in  industry. 

There  is  at  present  a  strong  movement  in  New  Zealand  towards  the 
establishment  of  home  spinneries,  and  the  desire  is  that  not  only  the 
fabrics  but  also  the  dyes  may  be  home-made.  No  one  who  has  once 
worn  homespun  tweeds  would  for  comfort  wish  for  anything  better, 
and  it  is  hoped  that  New  Zealand  homespuns  made  by  returned 
soldiers  from  wool  and  dyes  grown  in  this  country  may  become  as 
fashionable  and  command  as  good  a  price  as  the  celebrated  Harris  tweeds 
of  fragrant  memory. 

It  would  seem  that  the  conditions  for  home-dyeing  woollen  goods  in 
New  Zealand,  compared  with  those  in  North  Britain,  are  particularly 
favourable.  In  every  district  is  to  be  found  one  or  more  of  the  species 
of  Coprosma  suitable  as  a  source  of  dyes,  for  these  belong  to  the  poly- 
genetic  class  and  yield  fast  colours  which  vary  greatly  with  the  mordant 
employed  (see  Table  B).  Thus  Coprosma  grandifolia,  which  is  par  excellence 
the  dye-plant  of  New  Zealand,  is  abundant  from  the  Three  Kings  and  the 
North  Cape  to  Marlborough  and  the  south-west  of  Nelson  Province,  and 
ranges  from  sea-level  to  2,500  ft.  In  the  more  southerly  part  of  the  South 
Island,  where  this  species  cannot  be  found,  very  effective  fast  colours  may 
be  obtained  from  Coprosma  lucida—  the  karamu  of  the  Maori — which  is 
abundant  throughout  the  Dominion,  ascending  from  sea-level  to  3,200  ft., 
or  from  Coprosma  areolata,  which  is  not  uncommon  in  lowland  forests 
throughout,  occurring  from  sea-level  to  1,500  ft.  This  last  species  will 
also  be  of  value  in  furnishing  a  most  useful  direct  or  substantive  dye  which 
may  be  applied  without  any  mordant,  and  will  leave  the  wool,  after 
dyeing  it  a  full  brown,  in  a  beautifully  soft  condition.  It  is  almost  certain 
that  several  other  species  of  Coprosma  will  furnish  fast  dyes  on  wool 
suitably  mordanted  —  Coprosma  rotundifolia  and  C.  rhamnoides,  for 
instance,  have  proved  recently  to  be  satisfactory  in  this  respect. 

If  the  coprosma  prove  inadequate  to  supply  all  the  necessary  colours 
required  in  the  suggested  home  dyeing  there  is  an  unexplored  field  which 
will  probably  prove  fertile  in  dyes  in  the  New  Zealand  lichens,  several  of 
which  are  identical  with  those  used  for  wool-dyeing  in  Scotland.*  Lichens 
have  the  advantage  that  they  yield  direct  wool-dyes,  the  use  of  mordants 
being  unnecessary.  Then  there  is  the  weld  ( Reseda  luteola ).  not  uncommon 
as  an  imported  weed  in  this  country,  which  Knechtt  considers  superior 
to  all  natural  yellow  colouring-matters  in  regard  to  fastness  to  light,  and 
certainly  inferior  to  none  in  regard  to  fastness  of  milling.  There  are 


*  Journ.  Agr.,  vol.  15,  p.  128,  Wellington,  1917. 
f  Manual  of  Dyeing,  p.  355,  1917. 
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also  the  puriri  (Vitex  lucens )  dyes,  concerning  which  A.  G.  Perkin,*  after 
comparing  them  with  old  fustic  ( Morus  tincloria )  and  weld,  stated  that 
they  may  be  of  commercial  utility  on  the  English  market  on  account  of 
the  pure-yellow  fast  tones  they  give. 

In  the  first  instalment  of  this  article  attention  was  drawn  to  the 
individuality  shown  by  different  species  of  Coprosma,  of  which  over  forty 
occur  in  New  Zealand,  in  the  colour  of  the  cortical  tissue  and  of  its  reaction 
to  alkali.  The  following  table  will  indicate  the  nature  of  these  variations  ; 
twenty  species  are  mentioned,  and  at  least  as  many  more  remain  to  be 
examined.  It  will  be  seen  that  even  the  preliminary  examination  of  the 
Coprosma  genus  will  occupy  some  time  longer. 


Table  A. — Colour  Reactions  of  Coprosma  Barks  (Cortex)  when  treated  with 
a  Few  Drops  of  10-per-cent.  Sodium  Hydrate. 


Colour  of  Cortex. 

Reaction. 

Coprosma  grandifolia 

Light  orange 

Port- wine  red. 

C.  lucida 

Canarv-yellow  .  . 

Crimson. 

C.  Baueri 

White  .  . 

Nil. 

C.  robusta 

99  •  • 

Greenish-brown. 

C.  Cunninghamii 

5?  •  • 

Greenish -yellow. 

C .  rotundifolia 

Orange 

Light  to  dark  red. 

C.  areolata 

Dark  brown 

Violet. 

C.  tenuicaulis 

Yellow. . 

Blood--red. 

C.  rhamnoides .  .  .  . 

Greenish-yellow 

Orange. 

C.  parviflora  .  . 

White  .  . 

Nil. 

C.  Bichanani  .  . 

Stem,  greenish-white ;  root, 

Stem,  nil ;  root,  crim- 

yellowish-red 

son. 

C.  crassifolia  .  . 

Stem,  white ;  root,  yellowish 

Stem,  nil ;  root,  red 
to  purple-red. 

C.  acerosa 

Stem,  yellowish-green;  root, 

Stem,  brownish -red ;. 

yellow 

root,  red  to  crimson. 

C.  propinqua  . . 

White  .  . 

Greenish-yellow. 

C.  Kirkii 

White  to  yellowish  near 

Pinkish-red  to  crim- 

cuticle 

son  on  j^ellowish 
cortex  only. 

C.  linariifolia 

Yellowish 

Red. 

C.  foetidissima 

Greenish 

Yellow. 

C.  Colensoi 

•  "7  ‘  ji-  I 

Pinkish -red. 

C.  cuneata 

Brownish 

Red. 

C.  microcarpa 

Stem,  yellowish -green;  root, 

Reddish  -  brown  to 

yellow 

brick-red. 

There  are  certain  qualities  possessed  by  the  better  natural  dyes  which 
enable  them  to  maintain  a  stand  against  the  artificial  dyestuffs.  Two  of 
these  qualities  are  fastness  and  penetrability.  The  cheapness  of  the 
synthetic  dyes  is,  however,  proving  the  great  factor  in  their  favour.  The 
late  Dr.  Sarah  Baker’s  stimulating  and  beautiful  essay  on  vegetable  dyes,f 
which  should  be  read  by  every  one  interested  in  the  subject,  holds  out  the 
possibility  that  for  certain  standard  colours  for  which  there  is  a  steady 
demand,  especially  where  fastness  is  important,  a  vegetable  crop  may  be 
the  most  effective  source  of  supply,  especially  as  regards  the  dark  browns,, 
blues,  purples,  and  blacks,  the  synthesis  of  which  is  always  a  complex 
process. 


*Journ.  Agr.,  vol.  15,  p.  125,  Wellington,  1917 
t  The  Exploitation  of  Plants,  1917. 
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Regarding  the  portion  of  the  plant  which  yields  the  dyes  of  commerce 
the  greatest  diversity  prevails.  In  the  indigo -plant  it  is  the  leaves  which 
chiefly  yield  the  dye,  the  crop  being  therefore  valuable  in  proportion  to  the 
amount  of  leaves  ;  weld  is  obtained  from  the  leaves,  madder  from  the 
roots,  alkanet  from  the  cortical  part  of  the  roots,  turmeric  from  under¬ 
ground  stems,  quercitron  from  the  bark  of  a  tree,  and  fustic,  logwood,  and 
Brazil  wood  from  the  wood  of  trees  of  considerable  size  ;  Persian  berries 
from  a  fruit,  annatto  from  the  arils  and  seed  covering  of  the  fruit,  catechu 
from  various  exudations,  saffron  from  the  stigmas  of  flowers,  and  safflower 
from  the  petals. 

It  may  be  useful  to  summarize  briefly  the  natural  vegetable  colouring- 
matters  in  commerce  at  the  present  time. 

Indigo,  the  product  of  a  number  of  species  of  the  genus  Indigofera,  is  the 
most  important  of  vegetable  and  artificial  dyestuffs.  Its  cultivation  suffers 
severely  from  the  competition  of  the  synthetic  product,  but  the  war  has 
induced  an  enhanced  demand  for  the  natural  indigo,  the  result  being  that 
the  land  under  indigo  crop  was  five  times  greater  in  1917  than  it  was  at 
the  beginning  of  the  war.  The  indigo-planter  is,  moreover,  studying  the 
plant  scientifically,  and  by  experiments  in  breeding  and  hybridizing  has 
materially  increased  production.  W.  A.  Davis,*  Indigo  Research  Chemist 
to  the  Government  of  India,  reports  that  the  total  world's  market  of 
natural  and  synthetic  indigo  before  the  war  considerably  exceeded  five 
millions  sterling,  a  value  not  far  short  of  that  of  all  other  artificial 
organic  dyes  put  together.  He  considers  that,  provided  certain  improve¬ 
ments  in  actual  practice  can  be  effected — and  they  are  clearly  possible— 
the  natural  indigo  will  be  able  to  put  up  an  interesting  fight  with  the 
synthetic  dye. 

Madder,  the  cortex  of  the  root  of  Rubia  tinctorum,  a  perennial  plant, 
is  largely  grown  on  the  Continent  of  Europe.  In  the  year  1868  the  world 
grew  70,000  tons  of  cultivated  madder,  but  by  the  synthesis  of  the  colour¬ 
ing  principle,  alizarin,  in  that  year  the  natural  dyestuff  has  been  entirely 
displaced  for  calico-printing  in  Europe  and  America.  Madder  is  now  used 
only  in  wool-dyeing.  It  must  be  a  fairly  expensive  crop  to  grow,  as  the 
plant  is  not  harvested  until  the  third  year  of  its  growth.  In  Turkey  and 
the  East,  where  they  have  more  time,  it  is  still  used  for  dyeing  the  famous 
Turkey  red,  and  it  is  usual  to  allow  the  roots  to  remain  in  the  ground  for 
five  or  even  seven  years.  In  spite  of  the  chemist’s  art  in  making  artificial 
dyes,  Great  Britain  still  dyes  all  the  scarlet  cloth  required  in  its  soldiers' 
uniforms  with  cochineal,  and  France  still  uses  for  its  uniforms  cultivated 
madder.  Cheese  is  still  coloured  in  New  Zealand  and  elsewhere  with 
arnotto,  or  annatto,  produced  from  the  arils  or  pulpy  matter  surrounding 
the  seeds  of  Bixa  Orellana ,  a  tropical  small  tree  from  which  the  American 
Indians  made  almost  their  only  clothing — a  body-paint. 

Sweetmeats,  medicines,  and  pomades  are  still  coloured  with  alkanet 
derived  from  the  roots  of  Anchusa tinctoria,  a  cultivated  boraginous 
plant. 

Large  quantities  of  turmeric  from  Cucuma  tinctoria  tubers  cultivated  in 
India  and  the  East  are  still  used  in  the  direct  dyeing  of  wool,  cotton,  and 
silks,  although  the  colour  is  fugitive  to  light,  soap,  and  alkalies.  Turmeric* 
is  used  in  the  preparation  of  curry-powder,  and  in  the  laboratory  is  a  useful 
indicator,  especially  for  boric  acid. 


*  Ag.  Jour.  India .  No.  13,  p.  32,  1918. 
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Safflower,  consisting  of  the  dried  flower  of  the  Egyptian  thistle 
( Carthamus  tinotoria ),  is  used  to  a  limited  extent  for  dyeing  red  tape  a 
fugitive  colour. 

Saffron,  from  the  flowers  of  Crocus  sativis,  is  too  expensive  to  be  used 
in  dyeing,  but  is  used  in  colouring  pastry,  and  to  a  limited  extent  in 
medicine. 

Turmeric,  safflower,  and  annatto  are  notable  as  being  the  only  three 
natural  dyes  which  will  dye  vegetable  fabrics  directly. 

Great  quantities  of  cudbear,  litmus,  and  orchil  from  Canary  Islands 
lichens  ( Roccella )  are  now  used  as  bottoming  ”  colours  in  indigo  dyeing, 
and  considerable  quantities  are  used  in  the  dyeing  of  carpet-yarn.  These 
dyes  are  also  used  in  conjunction  with  other  dyes  in  producing  compound 
shades. 

Catechu  and  gambier  from  Indian  Acacia  Catechu ,  Areca  (Palmaceae), 
and  Uncaria  (Rubiaceae)  are  still  largely  used  in  calico-printing  and  silk¬ 
dyeing. 

The  insoluble  redwoods,  sanderswood  ( Pterocarpus  Santilinus)  from 
India  and  China,  barwood  ( Baphia  nitida)  and  camwood  ( Pterocarpus  sp.) 
from  West  Africa,  are  still  used  principally  in  wool-dyeing  in  conjunction 
with  other  dyewoods  for  compound  shades,  especially  browns,  which,  being 
fast  to  light  and  milling,  are  used  in  dyeing  heavy  woollen  cloths.  These 
dyes  are  also  used  for  “  bottoming  ”  indigo. 

Persian  berries,  the  fruit  of  the  buckthorn  and  several  other  rhamna- 
ceous  species,  in  the  form  of  extracts,  are  still  used  to  a  considerable  extent 
in  calico-printing,  and  in  wool-dyeing  they  also  have  a  limited  use. 

Woad,  a  cruciferous  biennial  of  Europe  (I satis  tinctoria),  although  now 
never  used  alone  in  dyeing,  finds  an  application  in  the  fermentation-vats  in 
dyeing  ,  with  indigo,  dyers  contending  that  it  causes  indigo  to  penetrate 
more  thoroughly  into  the  interior  of  the  fibre,  and  that  the  finest  shades 
of  indigo-dyeing  cannot  be  obtained  without  an  admixture  of  woad.  Woad 
has  been  used  from  the  earliest  times.  Pliny  records  its  use  in  wool¬ 
dyeing,  and  Caesar  mentions  the  custom  of  the  ancient  Britons  of  staining 
their  bodies  with  it — hence  the  name  “  Britain,5'  from  the  Celtic  hrith  or 
hr  it  =  painted. 

Fustic  is  the  wood  of  another  western  tree  ( Morus  or  Maclura  tinctoria ), 
of  the  family  Urticaceae.  It  is  one  of  the  most  important  of  all  natural 
yellow  colouring-matters,  especially  for  wool  or  worsted,  but  has  been 
replaced  to  a  large  extent  by  synthetic  dyestuffs.  In  America  the  Osage 
orange  ( Maclura  aurantiaca),  a  sister  species  of  the  fustic  tree,  has  since 
the  war  been  laid  under  contribution  in  the  dyeing  of  cloth  for  soldiers’ 
uniforms,  aided  by  the  discovery  of  quick-acting  mordants.  It  is  claimed 
that  the  Osage  orange  may  be  mixed  with  any  natural  or  artificial  colour 
to  dye  practically  any  organic  fabric.  Quercitron  bark  from  an  American 
species  of  oak  ( Quercus  nigra  or  Q.  tinctoria)  is  the  inner  bark  dried  and 
pulverized.  A  preparation  called  “  flavin  ”  derived  from  this  bark  is 
also  on  the  market.  By  methods  similar  to  those  used  with  fustic 
similar  colours  are  produced,  but,  like  fustic,  they  become  reddish-brown 
on  exposure  to  light. 

Logwood,  or  campeachy  wood  ( Haematoxylon  campeachianum) ,  the 
product  of  a  large  western  tree  of  Leguminosae — a  family  which  contains 
a  considerable  number  of  the  dye-plants  of  the  world — is  a  most  important 
dyestuff  used  for  dyeing  black  on  wool  or  silk  mordanted  with  iron  or 
chromium.  Although  the  colouring  principle  of  logwood  has  not  been 


350  The  N.Z.  Journal  of  Science  and  Technology.  [Nov. 

synthesized,  trade  in  this  dye  is  threatened  by  artificial  substitutes  of 
practically  equivalent  value.  Jamaica,* * * §  which  contains  only  half  a 
million  acres  of  forest,  exported  over  75,000  tons  of  logwood  and  fustic 
in  1916,  as  well  as  much  logwood-extract,  the  value  of  her  natural-dye 
exports  having  risen  from  £300,000  in  1914  to  £800,000  in  1916,  47*5  per 
cent,  of  which  latter  went  to  the  United  Kingdom. 

Weld  ( Reseda  luteola )  has  already  been  mentioned,  and  recent  writers 
praise  it.  Of  late  years  the  greatest  amount  of  this  dye-plant  has  been 
used  in  dyeing  cloth  for  Government  contracts,  but  tartrazin  and  similar 
artificial  yellows  are  taking  its  place. 

As  showing  the  great  increase  caused  by  the  war  in  the  use  of  natural 
dyes  in  America,  a.  British  Government  reportf  states  that  in  the  United 
States  of  America  during  1917,  while  forty-six  firms  reported  a  total 
monthly  output  of  5,000,000  lb.  of  coal-tar  dyes,  thirteen  firms  reported 
a  total  monthly  production  of  8,183,500  lb.  of  vegetable  dyes  and  extracts. 
These  colours  include  blacks  and  greens  for  calico-printing,  logwood  blue, 
khaki  dyes,  cutch,  archil  and  logwood  extract,  cudbear,  flavines,  Osage 
orange,  sumach,  and  natural  indigo. 

Crookes J  gives  as  a  recipe  for  dyeing  100  lb.  of  wool  a  “  reddish- 
brown  ”  a  dye-bath  which  is  made  from  481b.  fustic,  321b.  madder,  8J  lb. 
camwood,  8J  lb.  sanderswood,  5J  lb.  sumach — total,  lOlf  lb.  For  u  fiery 
red,”  on  1001b.  of  wool  to  bear  fulling,  after  mordanting  with  12  per  cent, 
alum,  10  per  cent,  tartar,  and  2  per  cent,  oxalic  acid,  he  recommends  50  lb. 
madder.  For  “  brownish-red  ”  Hummel§  recommends  mordanting  the 
wool  with  6  to  8  per  cent,  aluminium  sulphate  and  5  to  7  per  cent,  tartar, 
and  dyeing  with  60  to  80  per  cent,  madder. 

It  will  thus  be  seen  that,  compared  with  the  above  formulae,  the  use  of 
1  part  of  fresh  coprosma  to  1  of  wool  is  quite  a  reasonable  dose.  It  must 
also  be  pointed  out  that  the  quantities  used  as  described  in  this  article 
(p.  267)  are  not  necessarily  those  which  would  be  used  in  practice.  Some 
ground  for  criticism  in  the  use  of  vegetable  dyes  arises  from  the  fact  that 
the  land  used  in  producing  vegetable-dye  crops  might  be  more  economically 
occupied  in  growing  foodstuffs.  This  argument  does  not,  of  course,  hold 
good  for  coprosma  dyes,  the  plants  growing  vigorously  and  thickly  on  waste 
lands,  forest  clearings,  mountain-tops,  and  seashores.  The  fruit  of  all  the 
species  is  a  drupe  or  berry,  in  which  the  two  plano-convex  seeds  are 
surrounded  by  a  pulpy,  sweet  substance  of  which  the  fruit-eating  birds 
are  inordinately  fond.  The  seeds  are  swallowed  and  spread  far  and  wide 
by  birds,  and  germinate  freely  in  any  cover  on  which  the  birds  alight. 
Under  the  pine  plantations  on  Somes  Island  there  is  a  dense  growth  of 
coprosma  springing  up.  Similarly  in  clearings  at  the  top  of  Day’s  Bay 
ridge  coprosma  is  the  dominant  growth — in  many  places  an  almost  impene¬ 
trable  thicket. 

In  conclusion,  the  author  would  urge  the  practical  trial  of  dyes  from 
coprosmas,  which,  on  account  of  their  wide  and  abundant  distribution, 
quick  growth,  and  capacity  for  peopling  waste  lands,  and  for  the  varied 
and  lasting  colours  which  they  give  on  wool  suitably  mordanted,  are  worthy 
of  the  fullest  investigation,  especially  in  home  industries. 


*  TJ.S.  Com.  Rep.,  3rd  May,  1918. 

t  Board  of  Trade  Journ.,  9th  May,  1918. 

$  Dyeing  and  Tissue-printing,  p.  183,  1882. 

§  The  Dyeing  of  Textile  Fabrics,  1885. 


Table  B. — Colours  given  by  various  Species  op  CoprosMa  with  various  Mordants. 
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ASTRONOMICAL  NOTES. 

Nova  Aquilae  No.  3. 

The  following  reports  on  the  visual  spectrum  and  magnitudes  of  Nova 
Aquilae  have  been  supplied  by  Mr.  A.  C.  Gifford,  M.A.,  F.R.A.S.,  Wellington 
College ’Observatory ;  Mr.  J.  T.  Ward,  Wanganui  Observatory ;  C.  Monro 
Hector,  M.D.,  B.Sc.,  F.R.A.S.,  Lower  Hutt;  and  Mr.  E.  L.  Morley,  Nelson 
Observatory.  The  Hector  (Government)  Observatory  has  no  spectroscopic 
apparatus;  hence  it  furnishes  no  report  on  the  spectrum. 

Notes  by  A.  C.  Gifford,  M.A.,  F.R.A.S.,  Wellington  College 

Observatory. 

The  spectrum  of  Nova  Aquilae  has  been  observed  at  Wellington  College 
Observatory  through  a  small  spectroscopic  eye-piece  attached  to  the  5  in. 
telescope.  No  scale  or  comparison  spectra  were  available,  so  nothing  more 
than  eye  estimates  of  the  positions  of  the  lines  could  be  made. 

The  approximate  scale  of  wave-lengths  shown  on  the  drawing  is  con¬ 
structed  on  the  assumption  that  the  bright  bands  marked  Ha,  H/3,  and 
Hy  are  correctly  identified.  The  relative  brightness  of  the  bright  lines  is- 
indicated  by  numbers  placed  above  them,  the  most  noticeable  line  in  every 
case  being  marked  1.  The  relative  intensities  of  the  dark  lines  are  marked 
by  numbers  underneath  them. 

The  spectrum  was  examined  for  the  first  time  about  midnight  on  June  9, 
New  Zealand  time.  It  was  then  very  bright  and  continuous,  extending 
far  both  towards  the  red  and  towards  the  violet.  No  lines  could  be 
detected.  On  June  10  the  sky  was  completely  overcast  in  Wellington 
and  no  observations  were  obtained.* 

By  the  evening  of  June  11a  complete  change  had  taken  place  in  the 
spectrum,  which  was  now  that  of  a  typical  nova.”  The  continuous 
spectrum  was  crossed  by  eight  wide  bright  lines,  three  of  which  were 
bordered  on  the  violet  side  by  dark  lines  or  bands.  Owing  to  the  small 
dispersion,  narrow  lines  cannot  be  detected  with  this  instrument.  The 
most  prominent  line  was  a  very  brilliant  one  in  the  red  (probably  Ha). 
It  was  wide,  and  cut  off  sharply  on  the  violet  side  by  its  dark  companion. 
Next  in  brightness  were  one  in  the  blue  (probably  H/3)  and  one  in  the 
green,  then  a  line  in  the  violet  (probably  Hy),  and  one  in  the  yellow  near  D. 
Two  fainter  bright  lines  shone  between  Ha  and  D,  and  another  between 
the  bright  lines  in  the  green  and  blue.  The  dark  lines  detected  were 
those  accompanying  the  bright  lines  in  the  red,  yellow,  and  green.  The 
approximate  positions  are  shown  in  the  diagram. 

On  June  12,  at  9  p.m.,  twelve  bright  lines  and  seven  dark  ones  could 
be  seen  crossing  the  continuous  spectrum,  which  extended  far  into  the 
red  and  the  violet.  The  red  end  was  fainter  than  on  the  previous  night, 
but  the  violet  extended  as  far  beyond  Hy  as  from  H/3  to  Hy.  The  new 
bright  lines  were  two  in  the  green,  one  in  the  blue,  and  one  far  away  in 
the  violet  (possibly  HS).  A  new  decided  dark  line  appeared  in  the  green, 


*  But  see  notes  below  of  observations  at  Lower  Hutt  and  Wanganui. 
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and  the  dark  edging  on  the  violet  side  appeared  in  connection  with  four 
more  of  the  bright  lines. 

On  June  15,  at  10  p.m.,  Hy  appeared  brighter  ;  another  light  line 
appeared  between  H&  and  Hy.  The  space  between  the  bright  lines  in 
the  green  and  blue  was  divided  up  into  bands  alternately  light  and  dark. 
A  bright  line  was  now  seen  beside  the  dark  one  in  the  green,  which  had 
increased  in  darkness. 

On  June  24  eleven  bright  lines  could  be  seen,  but  some  had  changed 
in  relative  brightness.  The  lazulite  band  between  H (3  and  Hy  had 
become  brighter  and  very  much  more  diffused.  The  one  in  the  orange- 
yellow  was  brighter  than  before.  .The  dark  edgings  could  now  be  seen 
only  to  the  bright  lines  in  the  red  and  orange.  Clouds  kept  coming  over, 
and  the  red  and  blue  bands,  Ha  and  H/3,  shone  out  clearly  when  everything 
else  had  faded  away. 

On  June  29  only  seven  of  the  bright  lines  could  be  seen,  and  the  same 
two  dark  edgings  as  before.  Mr.  E.  0.  Jones  noticed  a  narrow  dark  line 
dividing  the  bright  red  Ha,  and  he  suspected  a  similar  division  in  H/3. 

On  July  5  and  6  the  spectrum  differed  very  little  from  that  of  June  29, 
but  a  bright  line  in  the  yellow  on  the  violet  side  of  D  had  grown  brighter. 
The  band  between  H/3  and  Hy  had  become  even  more  diffused. 

On  July  10  a  line  in  the  green  had  brightened  considerably,  and  another 
faint  bright  line  had  been  added  to  the  group  in  the  yellow  on  the  green 
side  of  the  others. 

On  July  12  the  bright  line  in  the  green  was  as  bright  as  Hd. 

On  July  17  H/3  had  regained  its  supremacy. 

On  July  30  the  line  in  the  green  appeared  to  be  the  brightest  in  the 
whole  spectrum,  and  this  distinction  it  has  since  maintained. 

Drawings  made  on  August  3,  5,  10,  and  17  show  hardly  any  change 
in  the  spectrum,  the  same  eight  bright  lines  and  two  dark  ones  remaining 
visible,  with  slight  changes  in  relative  brightness. 

On  October  5  the  line  in  the  green  was  far  the  brightest  in  the 
spectrum. 

The  red  ring  referred  to  by  Mr.  Ward  and  others  which  is  seen  surrounding  the 
image  of  the  Nova  within  the  focus  is  a  remarkable  phenomenon  due  to  the  concen¬ 
tration  of  the  greater  part  of  the  star’s  light  in  certain  definite  wave-lengths.  It  is 
not  seen  in  the  Wellington  College  telescope  (5|in.  objective),  as  the  objective  is 
photovisually  corrected,  but  at  Wanganui  (9|  in.  objective)  it  is  most  striking.  As 
the  eye-piece  is  racked  inwards  the  image  becomes  surrounded  by  a  brilliant  crimson 
ring  of  Ha  light  which  is  perfectly  sharp  on  the  outside  and  only  slightly  diffused  within. 
When  the  eye-piece  is  racked  outwards  the  red  appears  in  the  centre,  and  in  one 
position  the  H/3  light  appears  as  a  greenish-blue  ring  round  the  image.  It  is  not 
sharp  like  the  red  ring,  because  it  is  blurred  by  the  light  of  the  other  more  refrangible 
bright  lines.  At  the  time  of  this  observation  (August  28)  the  visible  spectrum  ended 
abruptly  at  the  Ha  line  in  the  red,  but  was  continued  some  distance  beyond  Hy  in  the 
violet. 

Notes  by  J.  T.  Ward,  Hon.  Director,  Wanganui  Observatory. 

1918,  June  10. — Nova  reported  by  Dr.  C.  E.  Adams,  Government 
Astronomer,  Wellington,  observed  here.  Sky  thick,  with  short  openings. 
The  Nova  estimated  to  be  equal  to  or  slightly  brighter  than  Canopus,  at 
about  9  hours,  when  the  two  bodies  had  nearly  the  same  zenith  distance. 
The  position  as  found  here  was  K.A.  18  h.  44  m.  20  s.;  dec.  N.  0°  28'. 
Using  a  small  McClean  Browning  spectroscope  on  the  9J  in.  Cooke  refractor, 
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we  found  its  spectrum  to  be  continuous.  The  red  struck  me  as  appear¬ 
ing  weak,  the  blue  and  violet  sections  strong  and  much  extended.  The 
spectrum  as  seen  at  intervals  between  clouds  was  as  follows  :  At  C  a  dark 
line  and  prominent,  but  its  position  uncertain  owing  to  shortness  of 
the  red.  At  D  a  broad  bright  band,  but  not  very  strong ;  several 
dark  lines  weak  in  the  green.  About  5155  a  faint  dark  line,  widened 
somewhat,  and  several  fine  dark  lines  between  b  and  /  in  the  green-blue 
fairly  prominent. 

June  13. — Magnitude  1  (or  one  or  two  points  higher).  Night  cloudy, 
but  partially  cleared  at  10  h.  30  m.  View  got  with  spectroscope  for  a  few 
minutes  only.  The  spectrum  now  completely  changed.  At  C  is  a  broad 
and  brilliant  band  that  is  vivid  as  the  C  when  that  line  is  centred  and 
focussed  on  the  chromosphere.  D  is  dark  edged  with  bright  band  ;  bright 
band  at  b,  while  a  number  of  dark  lines  in  the  green  and  nearer  blue 
appeared  to  be  interspersed  with  lighter  bands. 

June  15. — Magnitude  =  1*4  +.  When  the  star  is  brought  to  a  focus 
it  appears  to  have  a  white  centre  with  a  vivid  red  border.  Many  here  have 
seen  this.  Spectrum  :  C  very  bright  ;  D  not  so  prominent  as  before. 
A  number  of  fine  lines  (dark)  in  the  green  and  nearer  blue.  Two  fine 
bands  about  E6,  and  a  very  broad  band  at  F,  also  at  Gb 

June  16. — Magnitude  as  15th,  or  very  nearly  so.  The  spectrum  now 
reveals  very  clearly  the  doubling  of  the  lines,  bright  and  dark  in  contact 
in  nearly  all  lines  in  the  yellow,  green,  and  nearer  blue,  the  brighter  side 
towards  the  red  end  of  spectrum  in  all  cases.  C  is  very  vivid.  There  are 
two  wide  light  bands  at  E6,  one  at  F,  and  one  at  G. 

June  18. — Magnitude  now  —  1-6,  or  slightly  lower.  Spectrum  as  16th. 
Night  hazy. 

June  20. — Magnitude  =  2  or  2-2.  Star  appears  very  red  to  naked 
eye,  and  in  the  telescope  at  focus  it  shows  very  distinctly  the  white 
centre  and  vivid  red  border.  The  main  lines  of  spectrum  as  15th  and 
16th,  but,  with  the  lower  magnitude  arid  Moon  nearing  its  full,  detail  is 
not  at  all  easy. 

June  29. — Magnitude  —  3  +.  Spectrum  faint,  but  all  the  wide  bright 
bands  as  seen  on  15th  and  16th  very  prominent.  The  C  line  does  not 
appear  in  the  least  dimmed. 

July  3. — Magnitude  =  2-5  or  2-6.  The  Nova  appears  to  have  brightened 
up  since  the  last  observation.  The  great  red  band  at  C  appears  as  brilliant 
as  ever.  There  is  a  bright  band  at  F.  Many  dark  lines  can  be  glimpsed, 
with  bright  in  contact,  between  C  and  b.  The  border  of  the  star  at  focus 
appears  of  a  magenta  tinge. 

July  9. — Magnitude  =  3-5  +.  The  spectrum  appears  very  faint  to-night. 
The  C  line  still  very  vivid.  The  greater  bands  are  all  visible,  particularly 
in  the  green  and  blue. 

July  12. — Magnitude  3-2  or  3.  Spectrum  :  The  C  brilliant.  F  is  still 
very  fine,  though  much  diffused.  The  two  bright  bands  are  broad  and 
fairly  bright. 

July  24. — Magnitude  =  4  + ,  Seen  for  few  moments  only;  slightly 
brighter  than  8  Aquilae.  Too  cloudy  to  observe  spectrum. 

July  25. — Magnitude  =  4  + .  The  red  border  to  star  at  focus  is  very 
striking.  The  spectrum  is  still  fairly  bright  in  the  9J  in.,  but  colours  faint. 
C  is  still  a  brilliant  broad  line  on  the  fainter  band.  The  lines  at  E  and  B 
are  brighter  than  they  have  been  before  by  comparison  with  the  general 
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intensity  of  the  spectrum.  F  is  broad  and  soft,  as  is  also,  and  much 
fainter,  the  one  at  Hy.  I  could  just  make  out  a  number  of  faint  dark 
lines  between  C  and  E,  and  the  bright  line  at  D  is  still  visible. 

July  30. — Magnitude  =  4  +  ;  very  slightly  brighter  than  8  Aquilae. 
Spectrum  as  on  25th,  also  red  border  to  star  at  focus. 

Notes  by  C.  Monro  Hector,  M.D.,  B.Sc.,  F.E.A.S. 

1918,  June  10,  9.15  p.m. — In  the  1  in.  finder  of  Sin.  Watson-Conrady 
altazimuth  the  Nova  appeared  to  be  of  a  distinctly  yellow-white  colour — 
not  the  steel-blue  of  Sirius.  With  a  power  of  80  on  the  same  telescope 
the  Nova  fills  the  tube  with  rapid  scintillations  like  Sirius.  With  the 
McClean  star  spectroscope  (five  prisms)  there  is  seen  a  very  brilliant 
spectrum  crossed  by  dark  bands.  The  dark  bands  in  disposition  resemble 
those  in  the  light  of  Sirius.  They  were  not  so  broad  but  quite  as  intense. 
The  one  most  easily  seen  was  in  the  blue-green  (?  F).  Another  fainter  band 
was  seen  towards  the  red  end  of  the  green  ;  it  was  sharp,  but  narrower 
than  the  first.  Between  these,  two  faint  lines  could  be  glimpsed.  A  dark 
line  was  seen  in  the  deep  red  and  another  in  the  mid-violet,  but  they  were 
difficult  to  fix  under  the  adverse  conditions  prevailing.  No  bright  lines 
could  be  made  out,  and  no  fluting  such  as  can  easily  be  seen  with  this 
instrument  under  favourable  conditions. 

June  11. — Observed  Nova  Aquilae  from  10  p.m.  till  midnight.  The 
star  appeared  to  be  of  lesser  magnitude  than  on  the  previous  evening.  With 
the  spectroscope  a  complete  change  was  noted.  The  continuous  spectrum 
has  now  a  fluted  appearance  with  conspicuous  bright  bands  as  follows  : 
(1.)  An  intensely  bright  line  in  the  red.  (2.)  Three  bright  lines  in  the 
green-blue.  The  green  portion  of  the  spectrum  appears  to  end  abruptly 
in  a  bright  line  ;  the  second  in  intensity  of  these  three  is  the  blue,  and  the 
third  is  a  fainter  one  between  the  others.  These  lines  appear  to  be  bordered 
on  the  violet  side  by  dark  bands.*  (3.)  A  bright  line  in  the  violet-purple. 
Numerous  fine  dark  lines  are  visible  from  the  red  to  the  blue,  particularly 
one  in  the  position  of  the  D  line.  The  brightest  line  is  of  a  pale-green 
colour,  and  appears  to  occupy  the  position  of  the  bright  line  of  the 
spectrum  of  the  Orion  nebula.  With  a  power  of  80  the  star  looks  more 
blue-white  than  on  the  previous  night.  With  a  camera  attached  to  the 
equatorial  a  photo  was  taken  of  the  Nova  and  surrounding  stars  over 
a  field  of  7J  degrees  radius.  Busch  portrait  lens  F/6,  11  in.,  exposure 
5  minutes,  Imperial  Special  Rapid  ”  unbacked  plate.  Result  fairly  good. 
Actinic  power  seems  high  in  proportion  to  visual  intensity. 

June  12. — Observed  Nova  Aquilae  at  Kelburn  with  a  McClean  spectro¬ 
scope  on  King  Sin.  equatorial  telescope  by  Grubb  :  (1)  Red  end  of  spectrum 
appears  to  be  cut  off  abruptly  by  a  vivid  bright  line  (?  C)  ;  (2)  pronounced 
dark  line  in  position  of  D  ;  (3)  a  faint  bright  line  half-way  between  1  and  2  ; 
(4)  a  narrow  black  line  in  position  of  E  ;  (5)  two  bright  bands  in  green 
fairly  broad  ;  (6)  a  faint  band  in  the  blue  with  a  dark  (equally  broad) 
band  on  the  violet  side  (?  F)  ;  (7)  a  broad  bright  band  at  the  junction  of 
the  blue  and  violet  ;  (8)  a  bright  band  almost  at  the  extreme  end  of  the 
violet.  Magnitude,  rather  less  than  Altair  ;  colour,  yellowish  inclining  to 
red. 

June  13. — Observed  Nova  Aquilae  from  8.30  to  9.30  p.m.  at  Lower  Hutt 
with  McClean  spectroscope  on  3  in.  Watson-Conrady  telescope.  Spectrum 
still  shows — (I)  Vivid  bright  band  in  red  ;  (5)  (6)  bright  lines  (as  before) 
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in  green  blue  ;  (7)  bright  band  in  blue-violet  ;  also  throughout  spectrum 
other  bright  bands  and  dark  lines,  faint  and  ill  defined.  Magnitude  and 
colour  about  same  as  last  night. 

June  15. — Examined  Nova  with  a  4  in.  Cooke  equatorial.  Not  so  bright 
as  Altair.  Took  another  photo  :  exposure,  25  minutes.  Spectrum — 
(1)  Vivid  red  band  ;  (5)  (6)  in  green-blue  as  before,  but  (6)  very  broad 
and  distinct  by  comparison  with  previous  appearance. 

June  16. — Examined  Nova  and  took  another  photo  :  exposure,  15  minutes. 
Spectrum  much  the  same  as  last  night. 

June  24.  —  Observed  Nova  Aquilae  through  break  in  the  clouds. 
Magnitude  below  2.  Spectrum  difficult  to  make  out  owing  to  reduction 
in  magnitude  of  star,  and  bad  weather  ;  but  one  green  band  very  distinct, 
brighter  than  before. 

June  26. — Observed  Nova  with  naked  eye.  Magnitude  about  3V 

June  29— Observed  Nova  with  4  in.  Cooke  equatorial  and  Watson- 
Conrady.  Star  much  reduced  in  brightness,  and  of  a  distinctly  red  colour. 
With  spectroscope  made  out  three  bright  bands  in  green-blue.  Could  not 
make  out  red  band  or  violet  end  of  spectrum.  Took  photo  (No.  4)  : 
exposure,  10  minutes. 

July  1. — Observed  Nova  with  binocular.  Star  much  diminished  since 
last  appearance,  and  very  red. 

July  4. — Examined  Nova  with  binocular  (X  6).  Very  red.  Magnitude 
about  3|-. 

July  5. — Examined  Nova  with  a  spectroscope  on  Watson  -  Conrady. 
Light  very  feeble  :  difficult  to  distinguish  one  end  of  spectrum  from  other. 
Bright  bands — (1)  red  ;  (5)  (6)  green-blue  ;  (7)  blue-violet. 

July  6.— Examined  Nova  with  prism  binocular  ( X  8).  About  equal  to 
7]  Serpentis  ;  quite  red. 

Notes  by  E.  L.  Morley,  Atkinson  Observatory,  Nelson. 

1918,  June  13. — 1  a.m.  Observed  visually  from  Auckland  Harbour. 
Nova  appeared  to  be  between  a  and  fi  Centauri,  or  about  magnitude  0-6. 
Comparison  doubtful  owing  to  clouds. 

June  14. — 3  a.m.  At  Raurimu.  Skv  heavily  overcast.  Nova  appeared 
slightly  below  Altair  ;  magnitude  0-9. 

June  15. — 9  p.m.  At  Wellington.  Sky  fairly  clear.  Nova  certainly 
below  Altair,  and  evidently  declining  rapidly. 

June  28. — 9  p.m.  At  Nelson.  The  instruments  used  at  the  Atkinson 
Observatory,  Nelson,  were  a  5  in.  Cooke  equatorial  telescope  with  clock 
and  McClean  star  spectroscope  (five  prisms)  by  Browning.  The  Nova  was 
declining  rapidly.  It  was  estimated  to  be  slightly  below  y  Serpentis  or 
8  Aquilae  and  about  equal  to  A.  Aquilae  —  i.e.,  magnitude  3-6;  colour 
distinctly  ruddy.  The  spectrum  was  exceeding  interesting.  It  appeared  to 
be  faintly  continuous,  although  no  actual  colour  could  be  perceived,  and 
was  crossed  by  four  bright  lines  and  a  fainter  one,  also  by  three  well-defined 
absorption  bands.  The  line  (1)  was  a  rather  bright  line  in  the  red,  judged 
to  be  about  the  position  of  the  solar  line  C  ;  line  (2)  was  a  very  bright  line 
in  the  blue-green;  line  (3)  was  very  bright  and  distinct,  and  seemed  to. 
correspond  to  the  solar  line  F  ;  line  (4)  was  wider,  almost  a  band,  and  con¬ 
siderably  fainter  than  the  line  (3)  ;  line  (5)  was  a  bright  line,  very  faint, 
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out  towards  the  violet  end  of  the  spectrum,  and  seemed  to  correspond  to 
the  solar  line  G. 

The  first  band  a  was  very  dark  and  sharply  defined  on  the  edge  of  the 
bright  line  (1),  and  faded  off  slightly  to  the  orange,  where  it  ended  apparently 
near  the  solar  line  D.  The  second  band  b  was  fainter  but  still  sharper  on 
the  red  side  than  on  the  blue  side.  The  third,  c,  was  very  pronounced 
and  almost  as  wide  as  the  first ;  very  sharply  cut  on  the  red  side,  and  fading 
off  to  the  blue. 

June  29. — 9  p.m.  At  Nelson.  Nova  slightly  fainter  than  A  Aquilae  ; 
estimated  as  magnitude  3-7.  Spectrum  appeared  the  same  except  for  a 
fourth  darker  band  d  on  the  red  side  of  the  line  (2).  This  was  sharpest  on 
the  red  side  and  almost  gave  the  impression  of  another  bright  line.  At 
times  the  spectrum  between  the  bands  a  and  d  appeared  to  be  fluted, 
though  this  is  doubtful. 

July  3.  The  Nova  appeared  to  be  between  r\  Serpentis  and  A  Aquilae 
in  magnitude — i.e.,  3-5,  a  slight  increase  since  the  previous  observation. 
The  spectrum  showed  a  few  changes.  The  red  end  was  very  much  brighter 
in  comparison  than  the  blue,  and  this  probably  accounts  for  the  star’s 
increasing  reddish  colour.  Line  (1)  was  extremely  bright,  and  immediately 
attracts  attention  by  its  strikingly  brilliant  colour.  Line  (2)  appeared  to 
have  faded  slightly  in  comparison  with  (3),  as  also  had  (4)  and  (5). 
Line  (3)  was  still  sharply  defined,  but  (4)  and  (5),  particularly  (4),  were 
becoming  broader  and  more  diffuse. 

The  band  a  was  not  so  pronounced  as  formerly — that  is,  it  showed 
more  spectrum  colour  ;  also  b,  d ,  and  even  c  appeared  to  be  less  marked. 
Just  at  the  red  edge  of  d  there  appeared  to  be  a  bright  line.  A  fine  but 
faint  bright  line  (6),  not  noted  in  previous  observations,  appeared  to  be 
in  the  position  of  the  solar  line  D.  Also,  between  line  (1)  and  the  edge  of 
band  d  there  seemed  to  be  several  more  bright  lines. 

July  4. — 8  p.m.  Nova  was  certainly  brighter,  and  now  appeared  as 
equal  to  77  Serpentis,  or  possibly  even  slightly  brighter.  Telescopically  it 
had  the  appearance  not  of  a  red  or  orange  star,  but  of  a  white  star  with  a 
red  flash  in  it.  Other  stars  in  the  same  field  do  not  show  this.  The  blue 
end  of  the  spectrum  was  much  fainter,  and  the  bright  line  (5)  was  very  faint 
and  diffuse.  Line  (6)  was  unmistakably  present,  though  faint  and  fine. 

July  6. — 8  p.m.  Seen  through  drifting  cloud.  Nova  appeared  about 
magnitude  3-5.  There  appeared  to  be  no  change  in  the  spectrum. 

July  11. — 10*15  p.m.  Nova  now  fainter,  and  appears  equal  to  /3  Aquilae, 
3*9,  or  0  Serpentis,  4*1.  Spectrum  rather  hard  to  focus.  Blue  and  still 
fading  slightly.  Line  (5)  very  faint,  (4)  fainter  and  wider  ;  (2)  and  (3) 
appeared  to  have  brightened  and  widened  slightly.  Line  (6)  very  faint. 
No  dark  lines  were  seen,  although  the  fluted  appearance  noted  before  still 
appeared. 

July  25,  26. — Only  slight  changes  were  noted.  Line  (5)  was  very  faint 
indeed,  and  (4)  almost  as  faint. 

July  28. — 40  p.m.  Night  very  clear.  Magnitude  equal  to  0  Serpentis, 
or  slightly  brighter  than  (3  Aquilae.  In  the  spectrum,  line  (1)  was  quite  plain 
and  bright,  (2)  and  (3)  were  about  equal  and  very  bright,  while  (4)  was 
faint  and  diffuse,  and  (5)  extremely  faint  and  very  broad.  Line  (6)  was 
brighter  than  ever  seen  before,  although  it  was  still  faint.  There  was  also 
a  suspected  bright  line  about  one-third  way  from  (2)  to  (6)  which  puts  it 
just  on  the  red  side  of  band  d.  The  bands  all  seemed  to  be  less  marked, 
except  c,  which  was  very  pronounced.  The  orange  region  seemed  more 
distinct. 
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DEPARTMENTAL  REPORT. 

Magnesite  and  Dolomite  in  Australia  and  New  Zealand. 

By  P.  G.  Morgan,  M.A.,  F.G.S.,  Director,  Geological  Survey 

Department. 

In  order  that  steel  of  good  quality  may  be  made  from  the  more  or  less 
phosphoric  iron-ores  of  New  Zealand  a  plentiful  and  cheap  supply  of 
calcined  magnesite  or  dolomite  for  the  linings  of  the  steel-furnaces  is  neces¬ 
sary.  The  Bessemer  or  acid-hearth  process  of  steelmaking  is  inapplicable 
to  the  Parapara  iron-ore  or  the  Taranaki  ironsand,  both  of  which  are  now 
known  to  contain  more  than  the  permissible  minimum  of  phosphorus.  The 
Thomas-Gilchrist  basic-hearth  or  some  allied  process  must  therefore  be 
employed.  At  the  instance  of  Mr.  E.  Parry,  Chief  Electrical  Engineer, 
Public  Works  Department,  inquiries  were  made  as  to  the  supply  of  magnesite 
or  dolomite  from  several  of  the  Mines  Departments  of  the  Australian  States 
(South  Australia,  Victoria,  New  South  Wales,  Queensland,  and  Tasmania). 
The  replies  received  were  interesting  and  instructive,  and,  as  it  is  considered 
that  the  wider  dissemination  of  the  information  obtained  is  desirable,  a 
summary  is  now  presented.  A  statement  of  what  is  known  regarding  New 
Zealand  occurrences  of  magnesite  and  dolomite  follows. 

Western  Australia. 

The  annual  Progress  Report  of  the  Geological  Survey  for  the  year  1915 
(published  1916)  contains  on  pages  31  to  33  a  report  by  F.  R.  Feldtmann 
entitled  The  Magnesite  Deposit  at  Bulong,  N.E.  Coolgardie  G.F.” 
Bulong  is  a  mining  township  19 J  miles  east  of  Kalgoorlie,  but  is  not  con¬ 
nected  with  that  town  by  rail.  Mr.  Feldtmann  states  that  the  magnesite 
occurs  in  serpentine  as  short  irregular  veins,  of  varying  thickness,  which  in 
places  are  so  numerous  as  to  form  practically  a  stockwork.  The  veins,  being 
less  subject  to  weathering  than  the  surrounding  rock,  and  of  a  dazzlingly 
white  colour,  stand  out  conspicuously  above  the  surface  of  the  ground.  In 
a  few  instances  the  magnesite  occurs  as  a  surface  deposit  of  “  cement,” 
and  in  that  case  probably  corresponds  in  its  mode  of  origin  to  travertine. 
The  main  area  of  magnesite-bearing  country  forms  a  belt  about  two  miles 
long  and  10  to  25  chains  wide.  The  northern  end  of  this  belt  is  about 
two  miles  and  a  quarter  east  of  Bulong.  There  are  other  smaller  areas  of 
magnesite-bearing  rock,  chiefly  to  the  north  of  the  main  area.  Feldtmann 
states  that  prospecting  had  disclosed  veins  up  to  2  ft.  in  thickness,  and 
that,  although  no  estimate  as  to  the  quantity  of  magnesite  could  be  made, 
there  was  undoubtedly  a  very  large  amount  of  material  carrying  over  90  per 
cent,  of  magnesium  carbonate.  He  was  of  opinion  that  notwithstanding 
the  distance  of  the  magnesite  deposits  from  manufacturing  centres  they 
could  be  successfully  worked  on  a  large  scale.  A  parcel  of  58  tons  had  been 
sent  away  during  his  visit  to  the  district.  The  export  of  magnesite  from 
Western  Australia  during  1915  was  688  tons,  valued  at  £1,196  ;  but  in  1916 
the  export  fell  to  12  tons,  valued  at  £47.  In  the  former  year  five  men  were 
employed  in  magnesite-mining  at  Bulong,  and  in  the  latter  year  three  men.* 


**Report  of  the  Department  of  Mines  for  the  year  1916  (published  1917),  pp.  5,  6,  21. 
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Various  references  to  magnesite,  dolomite,  and  magnesian  limestone 
have  been  found  in  the  reports  of  the  Geological  Survey  of  Western 
Australia,  but  none  of  the  occurrences  mentioned  are  of  importance  from 
the  point  of  view  of  this  paper. 

South  Australia. 

Mr.  L.  Keith  Ward,  Director  of  Mines,  replied  to  my  inquiry  as 
follows  * 

“  The  mineral  magnesite  is  widely  distributed  in  South  Australia,  and 
the  deposits  are  for  the  most  part  associated  with  the  pre-Cambrian  rocks. 
The  principal  occurrences  are  situated  at  —  ( a )  Robertstown,  which  is 
distant  eighty-three  miles  by  rail  from  Adelaide  ;  (b)  Tumby  Bay,  where 
there  are  several  deposits  situated  at  a  distance  from  five  to  seven  miles 
from  the  port ;  (c)  a  locality  in  the  Flinders  Range  about  eleven  miles 
due  east  of  Port  Pirie.  This  latter  deposit  was  worked  by  the  Broken  Hill 
Associated  Smelters  to  provide  the  refractory  materials  required  at  Port 
Pirie,  but  I  understand  that  it  is  now  idle.  As  far  as  I  am  aware,  no  other 
South  Australian  deposit  of  magnesite  has  been  used  on  an  extensive  scale 
for  providing  the  refractory  material. 

44  Some  of  our  chemical-manufacturers  have  recently  been  engaged  in 
manufacturing  Epsom  salts  from  Australian  magnesite,  and  I  understand 
that  some  portion  of  this  raw  material  was  mined  in  South  Australia.  One 
firm  endeavoured  to  float  a  company  to  manufacture  and  dispose  of  flooring- 
material,  .  employing  oxychloride  cement,  but  their  experimental  efforts 
were  failures,  and  I  have  heard  nothing  further  of  the  company. 

44  I  have  ,  never  heard  of  any  South  Australian  magnesite  having  been 
calcined  except  for  experimental  tests,  and  in  these  cases  only  a  few  ounces 
were  calcined. 

“Your  inquiry  concerning  the  price  of  calcined  magnesite  f.o.b.  at  a 
given  port  of  shipment  cannot  be  answered  at  the  present  time.  We  have 
the  raw  material  in  South  Australia,  and  we  can  produce,  I  think,  a  con¬ 
siderable  tonnage  of  high-grade  magnesite,  but  the  absence  of  demand  for 
either  the  raw  or  calcined  material  has  been  the  reason  of  the  backward 
state  of  development  of  these  deposits. 

“  With  regard  to  dolomite,  very  little  chemical  work  has  been  done 
to  ascertain  the  details.  We  know  that  it  occurs  with  the  non-magnesian 
limestones  of  the  Cambrian  series.  There  is  also  a  superficial  dolomitization 
of  the  Miocene  limestone  in  the  neighbourhood  of  Mount  Gambier.  There 
is  a  yellowish  limestone  which  we  suspect  of  being  dolomitic  in  character, 
on  the  transcontinental  railway-line,  about  seventy  miles  from  Port  Augusta. 
There  is,  moreover,  a  curious  lake  depositf  of  white  chalk-like  mud  having 
the  following  composition  —  Silica,  6  per  cent.;  magnesia,  21-72;  lime, 
24-36 ;  water,  5-96  ;  carbon  dioxide,  40-10 — occurring  at  the  toe  of  Yorke’s 
Peninsula.  This  material  has  been  sold  as  4  natural  whiting.’  ” 

At  the  request  of  Mr.  Ward,  Mr.  S.  A.  Davenport,  of  35  Brookman’s 
Building,  Grenfell  Street,  Adelaide,  supplied  quotations  for  raw  and 
calcined  magnesite  (lump  and  powdered).  He  states  in  his  letter,  44  I  am 
supplying  raw  magnesite  to  several  firms  in  Adelaide  from  a  district  which, 
owing  to  its  being  close  to  a  shipping-port,  provides  the  bulk  of  the  material 


*  Several  sentences  relating  to  prices  of  magnesite  and  to  other  matters  are  omitted 
from  the  statement  as  quoted. 

f  A  similar  deposit  occurs  near  Hyde,  Otago.  See  mention  of  this  on  a  later 
page. — P.  G.  M. 
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so  far  used.  Other  and  very  large  deposits  of  good-grade  magnesite  have 
been  discovered,  but  distance  from  seaboard  and  expense  of  cartage  prevent 
their  use.” 

Victoria. 

Mr.  W.  Dickson,  Secretary  for  Mines,  forwarded  copies  of  reports  on 
magnesite  at  Heathcote  and  Redesdale.  The  Heathcote  report,  written 
by  Mr.  E.  J.  Dunn,  Director  of  Geological  Survey,  and  dated  12th  January, 
1913,  may  be  quoted  in  full  : — 

44  Magnesite  at  Heathcote . 

4  4  Many  years  ago  an  extensive  area  of  ground  on  the  south  side  of  the 
railway-line  at  Heathcote  was  sluiced  by  the  late  Hon.  J.  A.  Wallace. 
Among  the  pebbles,  blocks  of  ironstone,  and  pieces  of  quartz  left  on  the 
sluiced  ground  were  concretionary  lumps  of  magnesite  up  to  20  lb.  or  30  lb. 
in  weight  each,  and  these  were  fairly  numerous.  About  four  years  ago 
Mr.  A.  Wolskel  inquired  about  this  mineral,  and  was  referred  to  this 
locality,  and  advised  to  sink  along  a  certain  line  with  the  object  of 
ascertaining  what  quantities  were  available  below  the  surface’ 

44  Since  then  prospecting- work  has  been  carried  out,  principally  on 
the  north  side  of  D.  Wood’s  block  C.I.D.,  about  one  mile  south-east 
from  the  Heathcote  Railway-station,  and  with  most  successful  results, 
as  sufficient  of  this  valuable  mineral  has  been  disclosed  to  warrant  the 
inauguration  of  an  industry  for  its  utilization. 

44  Along  the  north  side  of  the  block  named,  and  between  it  and  the 
railway,  which  is  close  by,  five  shafts  have  been  sunk  within  a  length  of 
5  chains  to  depths  ranging  from  14  ft.  to  62  ft.  These  have  all  been 
sunk  along  the  junction  of  a  fine-grained  granitic  rock  on  the  north  side 
and  a  rock  that  has  a  tendency  to  alter  into  serpentine  on  the  south  side. 
The  junction  of  these  two  rocks  continues  for  three-quarters  of  a  mile  in 
a  south-westerly  direction,  and  is  well  exposed  in  a  large  tract  of  rock  that 
has  been  bared  by  sluicing  operations  in  the  serpentinous  rock  along 
its  junction  with  the  granitic  rock,  and  also  in  the  decomposed  granitic  rock 
for  as  much  as  16  ft.  away  from  the  junction  of  the  two  rocks. 

44  At  the  shaft  workings  there  is  a  thickness  of  from  1  ft.  to  6  ft. 
of  magnesite  along  the  junction,  beside  branch  veins  running  into  the 
decomposed  granitic  rock.  The  junction  is  almost  vertical  in  parts,  but 
more  generally  it  dips  at  about  80°  to  the  southward.  Decomposition  of 
the  basic  rock  on  the  south  side  of  the  junction  has  supplied  the  magnesite, 
which  was  dissolved  out  and  redeposited  along  the  junction,  along  the 
joints  for  several  feet  back  from  the  junction  in  the  granitic  rock,  and 
in  fissures  in  the  decomposed  basic  rock  itself  over  wide  areas. 

44  In  the  most  north-westerly  shaft,  which  is  62  ft.  deep,  the  vein  at 
32  ft.  from  the  surface  ranges  from  2  ft.  to  3  ft.  wide  in  the  level,  besides 
which  there  is  a  considerable  amount  of  magnesite  in  the  branch  veins 
in  the  granitic  rock.  In  the  other  shafts  the  magnesite  appears  to  be 
continuous  along  the  junction,  and  also  to  average  quite  2  ft.  in  thickness 
fco  a  depth  of  20  ft. 

44  The  vein  appeared  quite  strong  and  of  average  width  in  the  south¬ 
east  shaft,  and  no  doubt  continues  along  the  junction  in  that  direction, 
while  in  the  opposite  direction  magnesite  is  well  shown  as  veins  and  nodules 
in  the  basic  serpentinous  rock,  and  at  one  place  where  a  little  work  has 
been  done  at  the  junction  some  promising  material  was  disclosed,  but 
here  it  does  not  appear  to  attain  as  great  a  thickness  as  in  the  shaft 
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workings.  Already  a  very  considerable  tonnage  of  excellent  magnesite 
is  disclosed  in  the  workings,  and  there  is  promise  of  a  large  quantity  of 
magnesite  being  obtained  from  this  locality. 

“  The  magnesite  results  from  the  decomposition  of  the  basic  rock,  and 
its  formation  in  the  decomposed  granitic  rock  results  from  the  jointing 
and  decomposed  condition  of  the  granitic  rock  ;  therefore  this  deposit 
may  be  expected  to  continue  as  far  down  as  alteration  has  taken  place, 
but  where  the  rocks  are  in  their  normal  condition  and  not  altered  the 
magnesite  will  not  be  found.  Further  mining  is  required  to  ascertain 
to  what  depth  the  mineral  continues. 

“  Much  of  the  mineral  consists  of  nodules  that  on  breaking  through 
are  perfectly  white  and  without  any  stain  of  iron.  Other  portions  have 
a  slight  reddish  colour  from  the  presence  of  a  small  quantity  of  iron  oxide, 
but  this  is  no  detriment  in  many  cases. 

“  As  to  the  uses  of  magnesite,  it  is  largely  used  as  lining  for  steel-furnaces 
and  for  basic  fire-resisting  bricks.  Roasted  and  ground  finely  it  makes 
the  strongest  cement  known,  and  is  used  in  this  state  or  mixed  with  small 
fragments  of  wood  for  making  floors,  it  having  the  remarkable  quality 
of  adhering  to  the  wood.  Owing  to  its  comparative  scarcity  the  mineral 
is  a  valuable  one,  and  many  fields  for  its  use  are  opening  up  ;  it  is 
therefore  important  to  have  a  supply  within  the  State.  Analysis  of  the 
purer  portion  gives  the  following  result  : — 


Insoluble  siliceous  material 

t  , 

0-26 

Iron  and  alumina 

0-14 

Lime  (CaO) 

Magnesia  (MgO) 

Moisture  (H20)  (at  110°  C.) 

Moisture  (H20)  (above  110°  C.) 

Carbon  dioxide  (C02) 

0-07 
. .  48-05 

0-16 

•  •  j-  51-87 

Phosphorus  pentoxide  (P205) 

Nil 

Chlorine  (Cl) 

Trace 

Sulphates  (S04) 

Nil 

• 

100-55 

The  other  report  forwarded  by  Mr.  Dickson  is  entitled  “  The  Redesdale 
Magnesite  Deposits,”  and  was  written  by  Mr.  H.  S.  Whitelaw,  Field 
Geologist.  It  bears  the  date  24th  August,  1917.  Mr.  Whitelaw  states 
that  the  occurrence  of  magnesite  in  the  Redesdale  district  has  been  known 
since  road-cuttings  were  first  made  in  the  Caliban-Campaspe  River  basalt 
plateau,  forty  years  before,  but  only  recently  had  any  attempt  to  mine 
it  been  made.  A  Bendigo  syndicate  had  forwarded  to  Melbourne  firms 
30  tons  of  the  material  at  a  contract  price  of  £2  2s.  6d.  per  ton,  but  one 
firm  had  refused  delivery  of  a  consignment  owing  to  part  being  broken 
too  small  for  its  requirements  and  part  being  coated  with  clay,  and  in 
consequence  mining  had  ceased.  The  clay,  however,  could  easily  have 
been  removed  by  hosing. 

The  deposit  worked  by  the  Bendigo  syndicate  is  about  two  miles  north 
of  Redesdale.  It  consists  of  a  vein  2  ft.  to  4  ft.  wide,  which  has  been 
opened  up  for  a  chain  in  length  and  to  a  depth  of  5  ft.  to  15  ft.  From 
Mr.  Whitelaw’s  description  it  may  be  inferred  that  the  vein  is  apparently 
conformable  to  the  bedding  of  the  enclosing  Ordovician  slates,  which  pitched 
10°  to  the  south  and  dipped  70°  to  the  east.  Parallel  veins  outcrop  at 
intervals  along  Wedge  Gully  and  southward  for  a  quarter  of  a  mile  to  the 
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Redesdale  Road,  but  south  of  this  no  magnesite  is  known  to  occur,  except 
on  Mr.  Kelly’s  property  in  Redesdale  township,  where  samples  of  earthy 
magnesite  have  been  found. 

Northward  of  the  Bendigo  syndicate’s  deposit  a  few  nodules  of 
magnesite  of  good  quality  can  be  seen  in  the  material  forming  a  dam- 
embankment.  Farther  north  —  perhaps  a  mile  and  a  half  —  a  mass  of 
magnesite  containing  several  cubic  feet  is  exposed  in  a  lane  separating 
Messrs.  Donovan’s  and  McAuliffe’s  properties,  and  connecting  the  Lyal 
and  Castlemaine  Roads.  This,  but  for  a  filmy  coat  of  iron  oxide,  is  pure. 
Trenching  on  either  side  has  failed  to  disclose  any  extension  of  the  vein. 
A  few  chains  farther  west  along  the  lane  a  number  of  narrow  veins  are 
exposed.  North  of  the  lane  numerous  grains  and  nodules  of  magnesite 
can  be  found  in  the  basalt  that  forms  the  surface. 

Mr.  Whitelaw  states  that  other  deposits  occur  at  Lyal,  two  miles 
north  of  the  locality  last  mentioned  and  five  or  six  miles  from  Redesdale. 
Farther  north,  deposits  occur  at  intervals  to  beyond  Axedale,  which  is 
twelve  miles  north  of  Redesdale. 

So  far  as  is  known,  the  deposits  in  the  Ordovician  rocks  are  confined 
to  a  north-and-south  belt  of  magnesium-bearing  slates  and  sandstones 
about  a  quarter  of  a  mile  in  width.  In  these  magnesite  occurs  as 
lenticular  segregated  veins  running  as  often  across  as  with  the  beds.  The 
veins  are  not  likely  to  extend  to  any  great  depth,  and  perhaps  not  below 
water  -  level.  Unfortunately,  the  magnesium  -  bearing  beds  are  much 
obscured  by  a  mantle  of  basalt  reaching  50  ft.  in  thickness,  and  the 
magnesite  in  the  exposed  areas  will  soon  become  exhausted,  but  the  present 
price  of  magnesite  precludes  the  possibility  of  exploring  the  areas  covered 
by  basalt  at  a  profit.  The  basalt  itself  contains  magnesite  sporadically  dis¬ 
seminated  as  amygdaloids  and  nodules.  In  places  where  the  containing 
rock  has  decomposed  sufficiently  the  magnesite  has  become  concentrated 
in  small  pockets.  These  are  indicated  by  gentle  swellings  of  the  surface 
soil.  Messrs.  Donovan  and  McAuliffe  have  opened  a  number  of  these 
pockets,  and  so  exposed  some  magnesite  of  fair  quality.  It  is  probable, 
says  Mr.  Whitelaw,  that  some  of  the  magnesite  to  be  seen  in  the  basalt 
was  collected  from  the  bed-rock  while  the  flow  moved  over  the  old  surface, 
but  the  principal  portion  is  obviously  a  decomposition  product  of  the 
basalt  itself,  and  is  not  in  sufficient  quantity  to  pay  for  extraction. 

Mr.  Whitelaw  ends  his  report  as  follows  :  “As  a  result  of  my  obser¬ 
vation  I  conclude  that  unless  the  price  of  the  mineral  increases  considerably 
there  will  be  no  increased  activity  in  locating  deposits  outside  those  small 
areas  in  the  belt  from  which  the  basalt  has  been  eroded.  Is  it,  of  course, 
not  possible  from  these  to  supply  the  whole  demand  of  the  trade,  but  it 
should  be  possible  to  forward  regular  supplies  in  such  quantities  as  to 
insure  profitable  returns  to  co-operative  parties  for,  at  any  rate,  the 
duration  of  the  war.” 

New  South  Wales. 

Mr.  R.  H.  Cambage,  Under-Secretary  of  Mines,  under  date  of  9th  October, 
1917,  forwards  the  following  particulars  re  magnesite  and  dolomite  in  New 
South  Wales  : — - 

“  Magnesite. 

“  There  are  three  workable  deposits  of  magnesite  known  in  New  South 
Wales.  They  are  located  at  Fifield,  Attunga,  and  near  Barraba. 

“  Owing  to  the  nature  of  the  occurrence  it  would  not  be  advisable  to 
attempt  to  estimate  quantities  of  magnesite  available  until  the  properties 
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have  been  systematically  prospected.  There  is,  however,  little  doubt  that 
a  considerable  tonnage  of  high-grade  mineral  could  be  obtained  from  any 
of  the  deposits  mentioned. 

“  Fifield. — The  Fifield  deposits  are  situated  about  eleven  miles  distant 
from  Gobondery  railway-siding.  Gobondery  is  329  miles  by  rail  from 
Sydney.  Nine  mining  leases,  comprising  296  acres,  are  held  on  the  field. 

“  The  magnesite  occurs  in  nodular  form  as  pockets  or  bunches  in  red 
clayey  alluvium,  and  has  probably  segregated  out,  during  the  process  of 
weathering,  from  the  amphibole  rock  which  occurs  in  the  vicinity.  The 
outcrops  are  very  limited,  the  mineral  being  mostly  covered  by  from  2  ft. 
to  9  ft.  of  red  soil.  The  deepest  level  to  which  the  magnesite  is  proved  is 
about  26  ft. 

“  About  16,000  tons  of  magnesite  have  been  marketed  to  date. 

“  Attunga. — The  deposits  are  situated  about  seven  miles  distant  in  a 
north-easterly  direction  from  Attunga  Railway-station.  Attunga  is  295 
miles  by  rail  from  Sydney.  About  250  acres  are  held  under  mining  tenures 
in  this  locality. 

“  The  magnesite  occurs  in  veins,  pockets,  and  stockworks  in  decom¬ 
posing  serpentine,  close  along  the  contact  with  sedimentary  rocks.  The 
veins  often  terminate  abruptly  or  gradually  merge  into  serpentine,  and  in 
the  larger  pockets  boulders  and  fragments  of  serpentine  in  all  stages  of 
decomposition  and  replacement  occur.  The  magnesite  outcrops  are  limited, 
and  there  is  no  evidence  of  continuity  of  any  veins  for  an  appreciable  dis¬ 
tance.  The  mineral  is  won  by  quarrying  into  the  side  of  a  spur,  and  the 
face  is  about  80  ft.  long  and  from  4  ft.  to  25  ft.  high.  The  depth  to  which 
the  magnesite  extends  has  not  yet  been  proved,  but  it  seems  fair  to  assume 
that  it  will  be  found  down  to  the  limit  of  easy  circulation  of  percolating 
waters. 

“  About  2,000  tons  of  magnesite  have  been  marketed  from  this  field 
since  it  was  opened,  about  twelve  months  ago. 

“•  Near  Barraba. — The  deposit  is  situated  at  Piedmont,  which  is  about 
twenty-two  miles  by  road  from  Barraba  Railway-station,  342  miles  by 
rail  from  Sydney.  Three  mining  leases,  comprising  60  acres,  have  been 
secured. 

“  The  magnesite  occurs  as  veins  and  stockworks  in  serpentine.  The 
veins  vary  in  width  from  a  fraction  of  an  inch  up  to  10  ft.  The  main 
vein  varies  from  2  ft.  to  10  ft.  in  width,  and  extends  in  a  northerly  and 
southerly  direction  for  a  distance  of  12  chains.  It  has  been  worked  by 
open-cut  to  a  depth  of  from  2  ft.  to  15  ft.  About  500  tons  of  magnesite 
have  been  marketed  from  this  deposit. 

“  Magnesite  has  recently  been  located  at  Warialda  and  Dripstone,  but 
no  attempt  has  yet  been  made  to  prove  the  extent  of  the  deposits. 

“  Analyses  of  magnesite  from  each  of  the  localities  referred  to  are  as 
follow  : — 
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“  Dolomite . 

“  Though  dolomite  has  been  recorded  from  many  localities  in  New 
South  Wales,  the  workable  deposits  are  few.  The  following  are  amongst 
the  most  important  of  the  occurrences  : — 

“  1.  Cudgegong. — Situated  about  fourteen  miles  by  road  from  Rylstone 
Railway-station,  157  miles  from  Sydney.  A  number  of  dolomite  deposits 
occur  in  the  neighbourhood  of  Cudgegong,  associated  with  limestones,  sand¬ 
stones,  shales,  and  tuffs.  The  largest  outcrop  lies  about  two  miles  and  a 
half  east-north-east  of  the  township,  and  is  approximately  80  chains  long, 
with  an  average  width  of  15  chains.  Practically  inexhaustible  supplies  of 
dolomite  are  available  hereabouts,  but  owing  to  its  distance  from  the  rail¬ 
way  it  will  be  a  long  time  before  these  deposits  can  be  profitably  exploited. 

“2.  Havilah. — About  eight  miles  east  of  Mudgee,  within  a  few  chains  of 
the  railway-line,  177  miles  from  Sydney.  Beds  of  dolomite  up  to  2  chains  in 
width  occur,  intercalated  with  steeply  inclined,  high-grade  limestone,  and  are  at 
present  being  quarried  for  Messrs.  G.  and  C.  Hoskins’s  ironworks  (at  Lithgow). 

“  3.  Boogledie. — (a.)  About  two  miles  north-west  of  previous  occurrences, 
and  probably  a  continuation  of  the  same  beds.  The  dolomite  occurs  as 
narrow  lenticular  beds  associated  with  high-grade  limestone.  The  outcrop 
is  traceable  a  distance  of  85  chains. 

“  (b.)  About  a  quarter  of  a  mile  east  of  the  previously  described  deposit 
is  another  belt  of  high-grade  dolomite,  exposed  for  a  distance  of  25  chains, 
with  a  width  of  from  2  to  3  chains.  Now  being  worked  for  the  Broken 
Hill  Proprietary  Steelworks. 

“  4.  Cow  Flat. — Portion  73,  Parish  Ponsonby,  County  of  Bathurst. 
About  four  miles  south  of  George’s  Plains  Railway-station,  152  miles  from 
Sydney.  The  outcrop  is  more  or  less  concealed  by  talus  and  surface  soil, 
so  that  it  is  impossible  to  estimate  its  probable  extent.  Less  than  2  chains 
square  has  been  exposed  by  quarry  and  trenching. 

“  5.  Brogan’s  Creek. — Portion  142,  Parish  Clandulla.  Situated  within 
a  few  chains  of  the  Mudgee  Railway-line,,  141  miles  from  Sydney.  An 
extensive  deposit  of  limestone  occurs  here  which  on  analysis  shows  a  high 
percentage  of  magnesium  carbonate.  Probably  careful  search  would  prove 
the  presence  of  well-defined  intercalated  dolomitic  beds. 

“6.  Mount  Fairy. — Portion  167,  Parish  Fairy  Meadow,  situated  within 
two  miles  of  Mount  Fairy  Railway-station,  168  miles  from  Sydney.  An 
extensive  deposit  of  magnesian  limestone  with  beds  of  high-grade  dolomite. 
Practically  unlimited  quantities  available. 

“7.  Ilford. — Situated  about  two  miles  north-north- west  of  Ilford,  seven 
miles  from  Clandulla  Railway-station,  148  miles  from  Sydney.  Bands  of 
dolomite  up  to  1  chain  in  width  occur  intercalated  with  a  high-grade  lime¬ 
stone.  A  large  quantity  of  dolomite  is  available.  Analyses  of  the  material 
from  each  of  the  above  localities  follow  : — 
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“  The  price  of  calcined  dolomite  f.o.b.  Sydney  would  be  from  £3  10s. 
to  £4  per  ton.’’ 

Queensland. 

In  the  Queensland  Government  Mining  Journal,  November,  1916, 
pp.  529-33,  Mr.  B.  Dunstan,  Chief  Government  Geologist,  has  an  article 
entitled  “  Magnesite,  Dolomite,  and  Magnesian  Salts.”  From  this  article 
the  following  paragraphs  are  quoted  : — - 

“  Magnesite,  the  carbonate  of  magnesia,  is  known  to  occur  in  many 
parts  of  the  State,  and  records  have  been  published  which  indicate  that 
some  of  these  deposits  might  be  of  high  potential  value.  Numerous  out¬ 
crops  have  been  observed  at  Mount  Davidson,  Forest  Gate,  Cooby  Creek, 
and  other  places  in  the  Toowoomba  district,  but  the  small  quantities 
observed  do  not  offer  much  encouragement  for  prospecting  operations. 
Outcrops  of  the  mineral  have  also  been  observed  at  Limestone  Hill,  Bed- 
bank,  and  Silkstone,  all  within  the  area  of  the  Ipswich  Coalfield.  About 
Kilkivan  and  Degilbo  in  the  Burnett  district,  and  at  Mount  Wheeler, 
Ironpot  Mountain,  The  Pointers,  The  Oaks,  Mount  Fairview,  and  Canoona 
in  the  Bockhampton  district,  other  deposits  are  known,  most  of  which 
show  magnesite  outcrops  of  fine  quality,  but  apparently  of  very  small 
extent. 

“  The  deposits  about  Marlborough,  however,  and  Kunwarara,  between 
Bockhampton  and  St.  Lawrence,  have  been  examined  recently,  and  large 
quantities  have  been  observed  to  occur  over  a  considerable  area  of  country. 
Close  to  St.  Lawrence  an  extensive  bedded  deposit  of  magnesite  is  said  to 
occur  as  a  Becent  geological  formation,  but  no  details  are  available  con¬ 
cerning  it.  At  Mount  Pring,  twelve  miles  from  the  port  of  Bowen,  an 
examination  has  shown  that  remarkably  pure  lodes  of  magnesite  are  exposed 
on  the  sides  of  the  ridges,  and  not  very  far  from  railway  communication. 

“  Dolomite  is  to  be  found  in  numerous  localities  in  the  State,  the  most 
important  deposit  being  at  Flinders,  about,  two  miles  from  the  Ipswich- 
Fassifern  Bailway-line.  At  Silkstone  it  has  also  been  found  as  a  bedded 
deposit  50  ft.  thick  in  a  coal-bore. 

“For  general  references  to  published  records  of  occurrences  of 
magnesium-bearing  minerals  the  Queensland  Mineral  Index  will  be  found 
a  useful  guide. 

“  Magnesite  exists  in  three  types  of  formations — i.e.,  lodes,  bedded 
deposits,  and  irregular  masses — the  first  being  a  direct  accumulation  from 
mineral  solutions  in  fissures  in  serpentine  or  serpentinous  schists,  and  a 
result  of  the  alteration  of  the  serpentine.  The  second  is  caused  by  the 
replacement  of  limestone  in  sedimentary  formations  by  the  magnesia  in 
mineral  solutions  ;  the  third  one  being  a  product  of  the  surface  decom¬ 
position  of  olivine-bearing  basalts  and  other  volcanic  rocks. 

“  An  official  inspection  about  Marlborough  has  shown  that  hundreds 
of  tons  of  the  mineral  at  Princhester  Creek  are  exposed  on  the  surface, 
while  in  several  other  localities  in  the  same  district  areas  are  to  be  observed 
covered  by  loose  magnesite  boulders,  and  by  outcrops  of  which  no  estimate 
of  quantity  can  be  made  without  excavations  being  made. 

“  The  average  sample  (6)  from  Kunwarara,  given  in  Table  A,  was  taken 
from  a  large  body  of  stone  about  two  miles  and  a  half  southerly  from  the 
railway-station  of  that  name.  Outcrops  occur  in  innumerable  places  in  the 
neighbourhood,  which  have  been  only  casually  inspected,  but  sufficiently  to 
show  that  very  large  lodes  would  probably  be  defined  by  a  little  further 
prospecting. 
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“  At  Mount  Pring,  near  Bowen,  the  magnesite  occurs  on  the  steep  sides 
and  tops  of  the  spurs  leading  down  from  the  mountain,  and  many  scores 
of  tons  of  the  mineral  are  to  be  seen  as  loose  masses  on  the  slopes  where 
they  have  been  weathered  out  of  a  decomposed  red  rock.  Veins  of  the 
mineral  are  exposed  in  all  directions,  and  without  a  careful  examination 
no  estimate  could  be  made  of  the  tonnage  available. 

“  All  the  magnesite  occurrences  referred  to  above  are  in  serpentine  or 
serpentinous  schists,  and  are  occasionally  found  to  be  associated  with  diorite 
intruding  the  serpentine.  Deposits  also  occur  in  black  soils  resulting  from 
the  decomposition  of  the  olivine  basalts,  of  which  the  Toowoomba  magnesites 
are  examples. 


“  Table  A. — Typical  Magnesite  Analyses. 


Localities. 

Water. 

Carbon 

Dioxide. 

Silica  and 
Insoluble. 

Iron  and 
Alumina. 

Magnesia. 

Lime. 

Carbonate 

of 

Magnesia. 

Mount  Pring,  near  Bowen,  Q. 

51-72 

0-90 

Nil  . 

46-00 

1-18 

96-20 

(a)  Kunwarara,  C.  Q. 

0-26 

46-70 

8-00 

1-50 

43-40 

0-10 

90-00 

(b)  Kunwarara,  C.  Q. 

0-10 

50-30 

2-10 

0-50 

46-80 

Trace 

97-10 

Princhester  Creek,  C.  Q. 

0-10 

51-30 

0-20 

0-20 

46-90 

1-50 

98-20 

Ironpot  Mountain,  C.  Q. 

49-08 

7-23 

1-66 

43-70 

Trace 

91-78 

“  Dolomite  is  a  carbonate  of  magnesia  containing  55  per  cent,  of 
carbonate  of  lime  and  45  per  cent,  of  carbonate  of  magnesia  (=  22  per  cent, 
of  magnesia),  but  often  with  an  excess  of  carbonate  of  lime  sufficient  to 
constitute  a  magnesian  limestone.  On  the  other  hand,  an  abnormal  amount 
of  magnesium  carbonate  would  grade  it  into  a  calcareous  magnesite. 

The  Flinders  dolomite  occurs  over-  an  area  of  about  five  square 
miles,  and  an  immense  quantity  of  the  stone  is  exposed  on  hills  and  in 
watercourses.  Some  of  the  dolomite  is  white,  compact,  and  nodular, 
other  portions  being  friable  and  clay-like.  Both  varieties  in  some  places 
are  free  from  iron,  alumina,  and  silica;  while  in  other  areas  the  outcrops 
are  very  siliceous  and  chert-like.  The  analyses  of  a  number  of  samples  are 
given  in  Table  B. 


“  Table  B. — Flinders  Dolomite  Analyses. 


1. 

2. 

3. 

4. 

5. 

6. 

Lime 

24-3 

30-4 

28-4 

26-2 

25-9 

29-5 

Magnesia 

20-7 

20-5 

16-9 

18-0 

20-9 

21-2 

Iron  and  alumina 

2-6 

1-6 

1-2 

4-2 

2-6 

1-7 

Silica 

8-6 

0-8 

9-6 

7-9 

5-9 

0-4 

Loss  on  ignition 

41-7 

46-3 

40-8 

40-3 

43-1 

46-3 

Moisture  . . 

2-1 

0-4 

3-1 

3-4 

1-6 

0-9 

“References  to  Table  B  :  (1)  Portions  11-17,  Mclvor’s  Quarry,  half  a  mile  south- 
south-east  of  Flinders  Railway-station  ;  (2  and  3)  Portion  188a,  two  miles  south  of 
station  ;  (4)  Portion  189,  two  miles  south-east  of  station  ;  (5)  Portion  99,  at  north¬ 
eastern  corner,  about  two  miles  and  a  half  southerly  from  station  ;  (6)  Portion  102,  near 
house  on  road  south  of  station. 

“  The  analyses  of  the  Ipswich  dolomite,  from  preliminary  tests,  appear 
to  be  similar  to  those  of  the  Flinders  stone,  with  a  tendency,  however,  to 
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contain  a  greater  proportion  of  magnesium  carbonate  than  is  required  to 
form  a  normal  dolomite. 

“  Future  prospects  in  Queensland’s  magnesite  resources  rest  primarily 
on  the  exploitation  of  the  large  belt  of  serpentine  country  on  the 
Rockhampton  district,  the  most  important  areas  being  around  Marl¬ 
borough  and  Kunwarara,  the  distances  of  these  localities  from  Rock¬ 
hampton  being  respectively  sixty-five  and  forty-five  miles.  Mount  Pring, 
near  Bowen,  also  offers  inducements  for  prospecting  operations,  and 
large  quantities  may  exist  there  in  the  serpentine  of  the  hills  and 
mountains. 

“  The  mineral  in  these  three  localities  has  been  proved  to  be  eminently 
suitable  for  making  caustic  magnesia,  and  the  analyses  given  show  that  they 
are  equal  in  quality  to  the  best  deposits  in  the  world.  In  the  making  of 
dead-burned  magnesia  for  refractory  bricks  these  magnesites  have  been 
considered  to  be  too  pure,  particularly  in  their  freedom  from  iron  ;  but 
this  can  hardly  be  correct  when  it  is  considered  that  the  Fifield  magnesite, 
from  which  the  highest  class  of  refractory  bricks  by  the  latest  methods  is 
now  made,  is  very  similar  in  every  respect  to  the  Queensland  magnesite.” 

Tasmania. 

W.  F.  Petterd's  Catalogue  of  the  Minerals  of  Tasmania,  1910,  states 
that  magnesite  occurs  in  serpentine,  Parson’s  Hood  Mountain  ;  in  veins, 
Trail  Harbour  ;  in  Meredith  Range,  at  Dundas,  and  at  Heazlewood.  The 
mineral,  however,  has  been  found  only  “  in  comparatively  limited  quan¬ 
tity."  Dolomite  occurs  at  Heazlewood,  Dundas,  Magnet  Silver-mine,  Mount 
Claude,  and  near  Mount  Pelion.  None  of  the  occurrences  seem  to  be  of  any 
commercial  importance,  and  the  Mines  Department,  Hobart,  in  answer  to 
a  recent  inquiry,  has  stated  that  there  are  no  known  workable  deposits  of 
magnesite  in  Tasmania. 


New  Zealand. 

Magnesite  has  been  reported  from  Rotorua  by  S.  H.  Cox,  from  the 
Chatham  Islands  by  S.  Percy  Smith,  from  the  Collingwood  district  by 
W.  Skey  and  S.  H.  Cox,  from  the  Hokitika  River  watershed  as  small  veins 
in  serpentine  by  P.  G.  Morgan,  and  from  Milford  Sound  by  P.  Marshall. 
It  also  occurs  as  streaks  in  the  serpentine  near  Mount  Griffin.,  north 
Westland.  None  of  the  known  occurrences  has  any  commercial  value. 
Hydro-magnesite  occurs  to  a  small  extent  in  association  with  the -copper¬ 
bearing  lodes  of  the  Dun  Mountain  district,  and  as  a  small  vein  in  a 
railway-cutting  east  of  Karangahake  railway-tunnel  (oral  communication 
from  Mr.  R.  B.  McDuff).  Brucite,  the  hydrated  oxide  of  magnesium, 
probably  occurs  in  small  amount  in  the  serpentine  rocks  of  north 
Westland.  Skey  gives  the  ollowing  analysis  of  crystals  of  magnesite 
from  Collingwood,  collected  by  S.  H.  Cox  (13th  Ann.  Bejo.  Col.  Mus. 


and  Lab.,  1878,  p.  23:  Lab.  No.  1951): — 

Carbonate  of  magnesia  .  ,  . .  . .  . .  94-82 

Carbonate  of  iron  . .  . .  . .  . .  4-87 

Carbonate  of  lime  .  .  . .  . .  .  .  Trace 

Water  . .  .  .  . .  . .  . .  . .  0-31 


100-00 
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Dolomite  occurs  at  Thames  (variety  pearl-spar)  in  some  of  the  quartz 
lodes,  at  the  Malvern  Hills,  Canterbury,  and  to  a  greater  or  less  extent 
in  the  altered  ultra-basic  rocks  (serpentine,  &c.)  of  Nelson,  Westland,  and 
western  Otago.  Magnesian  or  dolomitic  limestone  occurs  in  the  Waitomo, 
Gisborne,  Taranaki  (in  concretions),  Parapara,  Collingwood,  Little  Wanganui 
(Karamea),  Rolling  River,  and  Oamaru  districts.  At  Hyde,  Central  Otago, 
an  impure  dolomitic  clayey-looking  substance  has  been  found.  Of  these 
occurrences  those  of  most  importance  at  the  present  time  appear  to  be  the 
ferriferous  magnesian  limestone  or  marble  near  Parapara  and  the  dolomite 
near  the  old  Collingwood  Coal-mine. 

Geological  Survey  Bulletin  No .  3 — “  The  Geology  of  the  Parapara  Sub¬ 
division,  Karamea,  Nelson  ”  (1907),  by  J.  M.  Bell,  E.  de  C.  Clarke,  and 
E.  J.  H.  Webb — has  little  to  say  about  the  dolomitic  rocks  of  the  Parapara 
district.  On  page  38  an  analysis  of  cherty  rusty  carbonate  from  Parapara 
Gorge  with  12-48  per  cent,  of  magnesia  (MgO)  is  given,  and  the  remark  is 
made  that  some  of  the  carbonate  rocks  of  the  district  contain  so  much 
magnesia  as  to  approach  dolomite.  In  1913  Mr.  F.  G.  Gibbs,  of  Nelson, 
forwarded  several  samples  of  magnesian  rock  from  Parapara  to  Mr.  F.  Reed, 
Inspecting  Engineer,  Mines  Department.  These  were  analysed  (Nos.  2-4 
below),  but  none  was  sufficiently  pure  to  be  of  value  for  lining  steel-furnaces. 
Mr.  J.  Bassett,  of  Parapara,  on  request  then  forwarded  five  further  samples, 
two  of  which,  on  analysis,  were  found  to  be  fairly  low  in  silica.  The  various 
analyses  are  as  follows  : — 


1. 

2. 

3. 

4. 

Silica  (Si02) 

24-70 

8-83 

35-14 

30-60 

Alumina  (A1203) 

0-96 

0-24 

0-85 

0-41 

Ferric  oxide  (Fe203) 

0-32 

5-76 

6-32 

5-36 

Ferrous  oxide  (FeO) 

6-55 

,  . 

•  « 

•  « 

Manganous  oxide  (MnO) 

0-28 

.  . 

.  . 

•  • 

Lime  (CaO) 

22-45 

26-97 

0-07 

20-53 

Magnesia  (MgO) 

12-48 

16-65 

40-33 

12-31 

Carbonic  anhydride  (C02) 

32-20 

41  -56 

17-48 

31-08 

Phosphoric  anhydride  (P2CG 

.  . 

0-06 

0-05 

0-05 

Sulphur  trioxide  (S03) 

•  • 

0-10 

0-14 

0-17 

Loss  on  ignition 

0-15 

,  * 

.  . 

.  „ 

Moisture  at  100°  C.  .  . 

0-08 

0-07 

0-03 

100-09 

100-25 

100-45 

100-54 

No.  1  also  contains  titanium  dioxide  (Ti02),  0-02 

per  cent. 

5. 

6. 

7. 

8. 

9. 

Silica  (Si02) 

11-72 

17-70 

20-13 

3-22 

1-50 

Alumina  (A1203). . 

0-54 

0-19 

0-21 

0-33 

0-83 

Iron  oxide  (Fe203) 

8-20 

7-88 

7-24 

8-92 

11-32 

Lime  (CaO) 

33-44 

27-85 

30-75 

34-39 

32-62 

Magnesia  (MgO)  . . 

9-87 

11-23 

12-98 

10-21 

11-21 

Carbonic  anhydride  (C02).  . 

34-22 

34-65 

28-42 

41-99 

41-86 

Water  and  organic  matter.  . 

1-76 

0-16 

0-14 

0-79 

0-18 

Undetermined 

0-25 

0-34 

0-13 

0-15 

0-48 

100-00 

100-00 

100-00 

100-00 

100-00 

24— Science. 
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After  calcination  Nos.  5  to  9  would  have  the  following  compositions 


■ 

— 

5. 

6. 

7. 

8. 

9. 

Silica 

18-31 

27-15 

28-18 

5-63 

2-59 

Alumina 

0-84 

0-30 

0-29 

0-58 

1-43 

Iron  oxide 

12-81 

12-09 

10-14 

15-59 

19-53 

Lime 

52-23 

42-72 

43-05 

60-10 

56-28 

Magnesia 

15-42 

17-22 

18-16 

17-84 

19-34 

Undetermined 

0-39 

0-52 

0-18 

0-26 

0-83 

100-00 

100-00 

100-00 

100-00 

100-00 

(1.)  Geol.  Surv.  Bull.  No.  3,  p.  38. 

(2-4.)  Samples  forwarded  by  Mr.  F.  G.  Gibbs. 
(5-9.)  Samples  forwarded  by  Mr.  J.  Bassett. 


Analyses  made  in  Dominion  Laboratory  (J.  S.  Maclaurin,  Dominion  Analyst). 

It  will  be  observed  that  none  of  the  samples  analysed  contains  sufficient 
magnesia  to  be  called  a  dolomite.  The  presence  of  from  5-36  to  11-32  per 
cent,  of  iron  oxide,  reported  as  Fe203,  but  partly  in  the  form  of  carbonate, 
should  be  noted.  Most  of  the  samples  are  far  too  siliceous  to  be  of  any 
value  as  furnace-linings.  The  rock  represented  by  analysis  No.  3  is  an 
altered  ultra-basic  composed  of  magnesite  and  serpentine.  It  is  understood 
that  all  the  samples  represented  by  analyses  Nos.  2  to  9  came  from  out¬ 
crops  on  the  Parapara  River  near  Richmond  Flat. 

The  occurrence  of  fairly  pure  dolomite  near  the  old  Collingwood  Coal¬ 
mine,  less  than  two  miles  from  Collingwood,  is  of  such  possible  importance 
that  all  the  particulars  available  will  be  given. 

The  earliest  reference  to  dolomite  in  this  locality  is  contained  in  the 
Eighth  Annual  Report  of  the  Colonial  Museum  and  Laboratory,  1873,  page  16. 
Skey’s  analysis  and  remarks  may  be  quoted  in  full : — 

“  No.  1417  is  a  new  rock  to  New  Zealand — dolomite.  It  occurs  at 

Collingwood,  Nelson,  in  a  massive  form. 

L‘  This  mineral  is  largely  used  for  manufacturing  Epsom  salts  (sulphate 
of  magnesia). 

“  The  annexed  results  of  its  analysis  show  it  to  be  a  true  dolomite, 
and  very  pure,  being  composed  of  single  equivalents  of  the  carbonates 
of  lime  and  magnesia,  with  but  a  small  quantity  of  iron  oxides  and 


silicates  .J 

“  Carbonate  of  lime  . .  . .  . .  . .  53-51 

Carbonate  of  magnesia  . .  . .  . .  . .  42-61 

Iron  oxides  .  .  . .  . .  . .  . .  1-31 

Silica  . .  . .  . .  . .  . .  . .  1-03 

Water  .  .  . .  . .  . .  . .  . .  0-51 


98-97  ” 

In  the  next  annual  report  (9th,  1874,  pp.  17-18)  Skey  writes, — 

“  j Dolomite. — This  interesting  mineral  was  announced  in  the  last  annual 
report  as  occurring  on  the  ground  of  the  Collingwood  Coal  Mining  Company, 
and  the  exact  composition  of  the  single  specimen  furnished  at  the  time  was 
stated  there.  Other  specimens  have  now  been  obtained  by  the  [Geological] 
Survey,  which  are  equally  as  good,  and  it  has  been  ascertained  that  the 
mineral  occurs  in  a  bed  of  considerable  thickness.” 
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On  the  2nd  September,  1873,  Dr.  Hector,  Director  of  Geological  Survey, 
reported  the  result  of  a  visit  to  the  Collingwood  Coal-mine.*  He  gives  a 
detailed  account  of  the  various  beds  encountered  in  a  drift  which  was  then 
being  driven  to  explore  the  coal-measures.  At  some  distance  in  (260-6  ft.) 
coal  0-8  ft.  thick,  dipping  30°  to  the  west,  “  passes  under  a  thick  mass 
of  dolomite  of  magnesia  limestone  [sic],  passing  into  breccia  of  the  same. 
Contains  carbonate  of  lime,  53  per  cent.  ;  carbonate  of  magnesia,  44  per 
cent.”  Apparently  the  dolomite  band  as  seen  in  the  drift  was  not  more 
than  7J  ft.  thick,  and  may  have  been  less. 

In  1915  a  sample  of  dolomitic  limestone,  which  it  is  understood  came 
from  a  stream-bed  within  or  near  the  old  Collingwood  Coal-mining  Com¬ 
pany’s  lease,  was  analysed  at  the  Dominion  Laboratory,  with  the  following 
result : — 


Silica  (Si02) 

0-57 

Alumina  and  iron  oxide  (ALCL,  Fe20A 

0-32 

Lime  (CaO) 

. .  32-21 

Magnesia  (MgO) 

. .  19-92 

Alkalies  (Na20,  K20) 

0-06 

Carbonic  anhydride  (C02) 

. .  46-92 

100-00 

A  band  of  crystalline  limestone  or  marble  occurs  on  the  eastern  side  of 
the  old  Collingwood  Coal-mining  Company’s  lease,  and  the  prospecting  of 
this  for  dolomite  may  be  recommended. 

An  analysis  of  dolomitic  limestone  from  Rolling  River,  a  tributary  of 
the  Wangapeka,  is  reported  by  Skey  in  the  Twentieth  Annual  Report  of  the 
Colonial  Museum  and  Laboratory ,  1886,  page  42.  Skey  states, — 

“No.  3940  is  a  graphitic  dolomite  from  the  Rolling  River,  forwarded 
by  Messrs.  Fifield.  Its  precise  composition  is  as  follows  : — 


“  Carbonate  of  lime  .  .  .  . .  62-31 

Carbonate  of  magnesia  , . .  . .  . .  32-18 

Alumina  and  iron  oxides  .  .  . .  . .  . .  2-27 

Silica  . .  . ,  . .  . .  . .  . .  2-92 

Graphite  . .  . .  . .  . .  .  .  0-32 


100-00  ” 

Presumably  this  rock  came  from  the  Silurian  or  Ordovician  limestone  of 
Mount  Owen,  the  northern  slope  of  which  is  drained  by  the  Rolling  River 
and  its  tributaries. 

There  is  a  fair  probability  that  a  workable  deposit  of  dolomite  will  be 
found  somewhere  in  connection  with  the  Palaeozoic  limestones  of  Nelson. 

So  far,  no  serious  search  for  magnesian  carbonates  has  been  made  out¬ 
side  the  Parapara  district. 

The  following  analyses  of  serpentine,  irregularly  streaked  with  bands 
of  white  carbonate,  are  of  great  interest.  The  samples  analysed  were  from 


*  This  report  will  be  found,  under  the  heading  of  “  The  Coalfields  of  New  Zealand 
(Report  on),”  in  Pari.  Paper  E-10,  1873,  pp.  27-28.  It  is  reprinted  in  a  publication 
printed  in  1879  by  Wyman  and  Sons,  London,  for  the  New  Zealand  Government.  This 
brochure  has  the  title,  “  100,000  Tons  of  Steel  Rails  required  to  be  manufactured  in 
New  Zealand.  Iron  and  Coal.  Reports  on  the  Mineral  Deposits  of  the  Colony,  addressed 
to  the  Hon.  the  Minister  for  Public  Works,  and  published  by  Order  of  the  Government. 
With  Maps  and  Plans.” 
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the  serpentine  quarry,  Griffin  Range,  of  the  New  Zealand  Serpentine  Com¬ 
pany,  and  were  supplied  by  Mr.  H.  S.  Nicholl,  the  company’s  manager  : — 


1. 

2. 

3. 

4. 

Silica  (Si02) 

33-40 

38-20 

36-40 

33-90 

Alumina  (A1203) 

2-35 

3-23 

1-00 

1-91 

Ferrous  oxide  (FeO) 

3-16 

3-60 

3-31 

3-24 

Ferric  oxide  (Fe203) 

2-32 

3-04 

2-72 

2-62 

Lime (CaO) 

Nil 

Nil 

Nil 

Nil 

Magnesia  (MgO) 

38-30 

36-62 

39-20 

38-73 

Alkalies  (Na20,  K20) 

0-10 

0-10 

0-10 

0-10 

Chromic  oxide  (Cr003) 

0-40 

0-70 

0-70 

0-70 

Nickel  oxide  (MO)  .  . 

0-21 

0-23 

0-21 

0-23 

Loss  on  ignition 

19-60 

14-50 

16-20 

18-40 

99-84 

100-22 

99-84 

99-83 

No.  1.  Dark  serpentine,  heavily  streaked  with  magnesite,  &c. 

No.  2.  Dark  serpentine,  lightly  streaked  with  magnesite,  &c. 

No.  3.  Light  serpentine,  heavily  streaked  with  magnesite,  &c. 

No.  4.  Light  serpentine,  lightly  streaked  with  magnesite,  &c. 

Analyses  made  in  Dominion  Laboratory  (J.  S.  Maclaurin,  Dominion  Analyst). 

An  analysis  was  made  of  the  carbonate  in  No.  1  sample,  with  the 
following  result : — - 

Insoluble  in  acid  .  .  . .  . .  .  .  847 

Iron  oxides  and  alumina  . .  '  . .  . .  .  .  2-26 

Lime  . .  . .  . .  . .  . .  . .  Nil 

Magnesium  carbonate  . .  . .  . .  . .  89*53 


100*26 

A  dark  metallic  mineral  in  No.  4  was  magnetic,  and  contained  iron, 
but  not  chromium,  nickel,  or  titanium.  It  is  probably  magnetite,  though 
somewhat  more  soluble  in  hydrochloric  acid  than  magnetite  usually  is. 

Nos.  1  and  4  were  also  examined  for  platinum,  but  none  was  found. 

Since  the  above  analyses  were  made  the  carbon  dioxide  present  has 
been  determined  in  fresh  portions  of  the  samples,  with  the  following  results  : — 

1.  2.  3.  4. 

6*50  per  cent.  3*40  per  cent.  2*85  per  cent.  4*40  per  cent. 

The  corresponding  percentages  of  magnesium  carbonate  are  12*41, 
6*49,  5*49,  and  8*40.  These  results  are  lower  for  Nos.  1  and  3  than  would 
be  expected  from  an  inspection  of  the  samples.  The  presence  of  some 
talc,  and  perhaps  brucite,  explains  any  discrepancy  of  this  kind. 

Prices  of  Magnesite  and  Dolomite. 

In  1917  raw  or  uncalcined  magnesite  was  quoted  at  £3  per  ton  f.o.b. 
Adelaide,  whilst  “  burnt  ”  unground  magnesite  was  quoted  at  £11  10s.  per 
ton,  and  powdered  burnt  magnesite  at  £12  10s.  per  ton.  At  Melbourne  the 
f.o.b.  price  of  finely  ground  calcined  magnesite  in  damp-proof  bags  was  £16 
per  ton,  and  of  ground  calcined  magnesite  in  bulk  £10  per  ton.  At  Sydney 
f.o.b.  quotations  for  dead-burned  (ground)  magnesite  packed  in  barrels  were 
from  £15  to  £15  10s.  per  ton,  and  for  calcined  dolomite  £3  10s.  to  £4  per  ton. 

Quotations  for  magnesite  were  supplied  by  the  following  :  S.  A.  Daven¬ 
port,  35  Brockman’s  Building,  Grenfell  Street,  Adelaide  ;  Permasite  Manu¬ 
facturing  Company  Proprietary  (Limited),  9  Queen  Street,  Melbourne ; 
Heathcote  Chemical  Company,  North  Melbourne  ;  Fifield  Magnesite  and 
Refractories  Company  (Limited),  North'  Avenue,  Camellia,  N.S.W.  ;  C.  P. 
Curlewis  and  Co.,  Builders’  Exchange,  12  Castlereagh  Street,  Sydney. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 
University  of  New  Zealand. 

The  Board  of  Studies  held  its  annual  meeting  at  Wellington  on  5th  to 
8th  November.  The  following  are  the  representatives  of  the  various 
Colleges  on  the  Board  : — Auckland  University  College  :  Professors  Dett- 
mann,  Egerton,  Johnson,  Segar,  Walker.  Victoria  University  College  : 
Professors  Adamson,  Mackenzie,  Sommerville,  Dr.  Cotton,  Mr.  F.  P.  Wilson. 
Canterbury  College  :  Professors  Chilton,  Gabbatt,  Hight,  Salmond,  Wall. 
University  of  Otago  :  Professors  Benham,  Gilray,  Inglis,  Jack,  Thompson. 

Professor  Segar  was  re-elected  Chairman.  Among  other  matters  the 
Board  considered  proposals  with  regard  to  Anthropology  and  Agriculture 
as  University  subjects.  The  inclusion  of  the  former  was  approved,  and 
the  arrangement  of  details  in  connection  with  it  was  referred  to  a  com¬ 
mittee.  The  proposal  to  include  Agriculture  as  a  “  pass  ”  subject  for  the 
B.A.  degree  was  unanimously  disapproved  of  :  this  does  not  affect  the 
position  of  Agriculture  as  an  “  advanced  ”  subject  for  the  B.Sc.  degree, 
a  syllabus  for  which  was  approved. 

An  informal  discussion  took  place  upon  the  possibility  of  the  develop¬ 
ment  into  separate  universities  of  the  four  teaching  institutions  now 
affiliated  to  the  University  of  New  Zealand.  A  motion  that  the  time 
had  arrived  to  consider  the  question  of  establishing  separate  universities, 
and  that  the  matter  should  be  submitted  to  the  Professorial  Boards  for 
discussion,  was  carried  unanimously. 


Philosophical  Institute  of  Canterbury. 

August  21  :  Mr.  S.  R.  Cowley  lectured  on  “  Yeast,  its  Preparation, 
Composition,  and  Influence  in  the  Manufacture  of  Bread.”  He  described 
the  process  of  modern  scientifically  controlled  yeast-manufacture,  and 
•demonstrated  the  effects  of  different  yeasts  on  the  baking  of  bread.  The 
exhibits  included  a  moving  picture  of  a  modern  automatic  bakery  in  action. 


Wellington  Philosophical  Society. 

At  the  meeting  held  on  the  28th  August  it  was  decided  that  a  Historical 
iSection  should  be  formed. 

The  following  papers  were  read  and  discussed  — 

August  28  :  C.  A.  Cotton,  “  Mountains.”  September  25  :  H.  Clark, 
“  The  Nature  of  X-ray  Spectra.” 

Astronomical  Section. — September  4 :  D.  M.  Y.  Sommerville,  “  A 
'Graphical  Method  of  predicting  Eclipses  and  Occupations V  October  2  : 
C.  W.  Adams,  “  A  Novel  Star  Atlas  ”  ;  E.  Best,  “  Maori  Star  Lore.” 

Geological  Section. — August  21  :  G.  L.  Adkin,  “  Post-Tertiary  History 
of  the  Ohau  River  and  of  the  Adjacent  Coastal  Plain,  Horowhenua  County.” 
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September  18  :  J.  A.  Thomson,  “  The  Geology  of  the  Southern  Wairarapa 
District  ”  ;  G.  L.  Adkin,  “  Further  Notes  on  the  Horowhenna  Coastal 
Plain.”  October  16  :  G.  H.  Uttley,  “  Tertiary  Geology  of  the  Waitaki 
Valley  between  Duntroon  and  Ivurow  ”  ;  W.  M.  Davis,  “  The  Significant 
Features  of  Reef-bordered  Coasts.” 

Historical  Section . — October  15  :  J.  Andersen,  “  Place-names  in  New 
Zealand,  with  Special  Reference  to  Banks  Peninsula  ”  ;  E.  Best,  “  Native 
Tradition  of  the  Death  of  Marion  du  Fresne  at  Bay  of  Islands  in  1772.” 

Technological  Section. — September  11  :  R.  W.  Holmes,  “  Littoral  Drift 
on  the  New  Zealand  Coasts.”  October  9  :  M.  Cable,  “  Electric-arc 
Welding.” 


Manawatu  Philosophical  Society. 

The  following  papers  were  read  during  the  year  1918  :  C.  E.  Ferris, 
“  The  Ethics  of  the  British  Constitution  ”  ;  A.  W.  Burrell,  “  A  Descrip¬ 
tion  of  a  Working  Model  illustrating  the  Theory  that  the  Main  Ocean 
Currents  are  due  to  the  Revolution  of  the  Earth,  the  Force  of  Gravitation, 
and  the  Retarding  Influence  of  the  Sun  and  Moon  ”  ;  C.  N.  Clausen, 
“  Mangahao  and  Waikaremoana  as  Sources  of  Electric  Power  ”  ;  Captain 
Spince,  “  The  Panama  Canal  ”  ;  W.  R.  Mummery,  “  The  Hot  Springs  of 
Puerta  del  Inca  ”  ;  C.  A.  Cotton,  “  Mountains.” 


New  Zealand  Institute  Science  Congress. 

The  Science  Congress  opening  in  Christchurch  on  the  3rd  February  of 
next  year  marks  a  new  feature  in  the  scientific  life  of  the  community. 
There  are  too  few  occasions  on  which  the  services  and  the  claims,  as  well 
as  the  advances,  of  science  are  brought  home  to  “  the  man  in  the  street,” 
and  a  congress  of  this  kind  offers  one  of  the  best  opportunities.  In  the 
British  Isles  the  yearly  meetings  of  the  British  Association  not  only  pro¬ 
vide  the  public  through  the  Press  with  an  admirable  summary  of  scientific 
progress,  but  have  been  the  starting-point  of  nearly  every  important  step 
in  the  State  organization  of  scientific  services.  To  those  who  attend,  such 
meetings  prove  a  delightful  holiday  and  give  a  stimulus  to  scientific  fellow¬ 
ship  that  is  invaluable. 

The  only  meetings  of  the  kind  that  have  been  held  in  New  Zealand  are- 
those  promoted  by  the  Australasian  Association  for  the  Advancement  of 
Science.  Of  these,  the  last  was  the  Dunedin  meeting  of  1904,  one  of  the 
most  successful  of  such  gatherings  ever  held  in  Australasia.  So  long  a 
period  has  elapsed,  however,  without  a  further  meeting  in  this  Dominion 
that  the  New  Zealand  Institute  has  stepped  into  the  breach  and  promoted 
the  present  congress.  A  strong  programme  of  public  meetings  has  been 
arranged,  and  the  Christchurch  Entertainment  Committee  is  providing  a 
series  of  local  excursions  to  the  chief  industrial  works  and  the  more 
interesting  biological  and  geological  localities  in  the  neighbourhood  of 
Christchurch.  A  good  attendance  of  scientific  men  is  assured,  and  every¬ 
thing  promises  well  for  a  successful  congress.  The  meetings  are  open 
to  all. 
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Index  of  Maori  Names. 

An  index  of  some  twenty-five  thousand  Maori  names  occurring  in  various 
serial  publications  and  in  standard  works  relating  to  New  Zealand  has  been 
prepared  by  the  Rev.  H.  J.  Fletcher,  and  he  proposes  to  publish  the 
work,  which  will  be  of  the  greatest  use  to  Polynesian  students.  An  appeal 
for  support  has  recently  been  issued,  in  which  it  is  pointed  out  that  the 
index  cannot  be  printed  unless  a  sufficient  number  of  orders  to  cover  the 
cost  is  received.  The  price  is  15s.,  and  orders  should  be  sent  to  Rev. 
H.  J.  Fletcher,  The  Manse,  Taupo. 


At  a  meeting  of  the  Otago  Institute  held  on  the  10th  September 
Mr,  G.  W.  Howes,  on  behalf  of  Dr.  Fulton,  exhibited  some  twigs  of  a  native 
tree  which  had  been  penetrated  by  a  beetle-larva  ( Aenome  hirta).  So 
far  as  known  to  the  speaker  this  was  the  first  time  this  pest  had  been  found 
south  of  Sumner.  Dr.  Fulton  had  obtained  the  specimen  from  a  garden 
in  St.  Clair,  Dunedin. 


REVIEWS  AND  ABSTRACTS. 

The  Food  of  Australian  Birds :  an  Investigation  into  the  Character  of 
the  Stomach  and  Crop  Contents.  A  summary  of  work  done  by 
J.  B.  Cleland,  J.  H.  Maiden,  W.  W.  Froggatt,  E.  W.  Ferguson,  and 
C.  T.  Musson.  Department  of  Agriculture ,  New  South  Wales,  Science 
Bulletin  No.  15,  112  pp.,  1918. 

Attention  has  already  been  called  in  this  J ournal*  to  the  desirability 
of  the  prosecution  of  economic  ornithology  in  this  country  ;  the  paper 
under  notice  furnishes  a  useful  object-lesson  pointing  in  the  same  direction. 
With  a  view  to  estimating  the  part  which  birds  might  play  in  helping  to 
control  the  blow-fly  pest  in  sheep,  as  extensive  an  examination  as  possible 
was  made  in  sheep-breeding  districts  of  all  birds  which  might  play  a 
possible  part  in  this  direction.  These  data  and  the  information  previously 
gained  with  regard  to  Australian  birds  in  general  have  been  tabulated  and 
analysed,  and  the  results  published  in  this  bulletin.  They  are  of  interest 
not  only  to  breeders  of  sheep,  but  also  to  orchardists,  grain-growers,  and 
gardeners,  as  well  as  to  those  in  charge  of  forestry  operations. 

Some  of  the  conclusions  arrived  at  are  of  distinct  interest  to  New 
Zealand.  Thus  the  starling  is  indicted  in  rather  severe  terms. 

Summed  up,  it  may  be  stated  that  the  starling  does  marked  harm  to  fruit-gardens 
and  that  it  does  some  harm  to  crops,  but  that  it  does  some  good  in  destroying  certain 
insect  pests,  such  as  cutworms,  when  these  are  present  in  abundance  and  perhaps  other 
food  is  scarce.  The  starling  has  spread  very  extensively  over  Australia,  and  it  is  a 
prolific  breeder.  Moreover,  it  interferes  with  the  breeding-places  of  many  of  our 
useful  insectivorous  birds.  It  is  also  so  wily  and  hard  to  approach  that  it  will  never 
be  possible  to  eliminate  it  from  Australia,  or  even  to  diminish  materially  its  numbers, 
whatever  human  means  are  adopted  to  attempt  this.  Its  virtues  are  unquestionably 
less  than  its  defects,  and  no  encouragement  whatever  should  be  given  to  its  appearance 
in  any  part  of  the  country.  On  the  other  hand,  any  discouragement  offered  is  likely 
to  have  little  effect. 

*  W.  E.  Collinge,  The  Food  of  British  Wild  Birds,  this  Journal,  vol.  1,  No.  2, 
pp.  67-69. 
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Australia  furnishes  a  good  illustration  of  the  harmfulness  or  otherwise 
of  the  sparrow,  owing  to  its  absence  from  Western  Australia. 

One  hundred  and  twenty-seven  sparrows  were  examined,  the  majority  of  them 
coming  from  Richmond,  New  South  Wales.  Sixty-four  were  found  to  feed  on  wheat 
and  maize.  Various  grass-seeds  were  found  in  others.  Occasionally  they  have  been 
found  to  feed  on  white  ants,  cabbage-moth  larvae,  cutworms,  locusts,  blow-flies,  and 
aphids.  The  large  amount  of  grain  eaten  far  outweighs  any  value  that  the  sparrow 
may  have  as  an  insectivorous  bird  during  the  period  when  such  grain  is  available,  but 
during  other  seasons  of  the  year  it  probably  plays  a  mildly  useful  part.  Attempts  at 
eradication  seem  to  have  little  effect  upon  it,  but  they  should  be  persisted  in  as  far  as 
possible  without  endangering  other  birds. 

The  question  as  to  whether  we  would  be  worse  off  without  any  sparrows  than  with 
them  is  apparently  negatived  by  the  position  in  Western  Australia.  The  sparrow  up 
to  the  present  time  has  not  reached  Western  Australia,  and  yet  that  State  is  not  any 
worse  off  than  the  eastern  States  through  their  absence.  It  may  be  pointed  out  that 
whatever  attempts  are  made  to  destroy  sparrows  entirely  they  are  bound  to  be 
unsuccessful,  though  the  numbers  may  be  materially  reduced. 

Two  Australian  species  now  acclimatized  in  New  Zealand  are  referred 
to  as  follows  : — 

Magpies  :  Though  occasionally  eating  wheat,  magpies  are  more  essentially 
insectivorous,  frequently  feeding  on  locusts  or  grasshoppers,  fly-larvae,  &c.  They 
should  be  rigidly  protected. 

Silver-eyes  :  The  stomach-contents  of  fifty-five  silver-eyes  have  been  examined. 
Forty-five  of  these  contained  vegetable  food,  chiefly  fruits  of  various  kinds.  Thirty- 
two  contained  insect  food.  Amongst  the  insects  occasionally  eaten  were  cabbage- 
moths,  frog-hoppers,  psyllids,  thrips,  aphids,  black-scale,  and  plant-bugs. 

From  an  assessment  of  its  value  it  may  be  safely  stated  that  energetic  means 
should  be  adopted  to  keep  the  birds  away  from  the  fruit  during  the  fruiting  season  ; 
in  this  way  the  fruit  may  be  saved,  but  these  attempts  are  not  likely  to  successfully 
eliminate  all  the  birds  from  the  orchard  affected.  The  birds  that  remain  will  during 
the  rest  of  the  year  serve  the  orchardists  in  good  stead  by  helping  to  keep  down 
insect  pests. 

J.  A.  T. 

Geology  in  the  University  and  in  the  Service  of  the  State,  by  L.  Keith 
Ward,  Adelaide,  1917. 

During  1917  a  course  of  six  lectures  was  given  at  the  University  of 
Adelaide  “  on  the  development  of  the  resources  of  the  State  by  an  efficient 
application  of  science  to  industry,  and  on  the  service  of  the  university  to 
that  end,”  and  the  lectures  have  been  published  as  pamphlets. 

Mr.  Keith  Ward  draws  attention  in  this  lecture  to  the  value  of  “  stock¬ 
taking  ”  of  the  mineral  resources  of  the  State,  and  refers  also  to  many 
undertakings  in  which  the  report  of  a  competent  geologist,  taken  in  time, 
may  lead  to  vast  economies.  Among  these  are  enumerated  the  selection 
of  railway  routes  and  of  reservoir-sites,  the  search  for  underground  water, 
the  drainage  of  surface  water  into  porous  rock  to  reclaim  swamps,  and 
the  location  of  the  best  available  stone  for  roadmaking. 

Reference  is  made  to  blunders  of  the  class  known  to  every  geologist 
which  result  from  a  complete  lack  of  even  an  elementary  knowledge  of 
geology  on  the  part  of  those  responsible,  and  which  have  led  to  the  useless 
frittering-away  of  capital  aggregating  enormous  sums  in  all  parts  of  the 
world.  Those  cited  by  the  lecturer  would  be  amusing  if  they  were  not 
pathetic.  Among  them  are  the  search  for  coal  in  Cambrian  strata,  the 
search  for  the  source  of  travelled  boulders  in  glacial  tillite  by  prospecting- 
in  the  immediate  vicinity  of  the  spot  where  the  tillite  occurs,  and  “  the 
many  dry  wells  sunk  in  many  parts  of  South  Australia  in  search  of  water 
on  the  advice  of  persons  who  claim  the  power  of  detecting  its  presence  or 
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absence  by  means  of  a  forked  stick.”  The  divining-rod  is  still  sometimes 
relied  on  in  mining  operations  ;  and  another  source  of  avoidable  waste  is 
the  erection  of  many  batteries  and  smelting  plants  in  places  where  sufficient 
ore-supplies  are  not  available,  and  where  this  fact  might  have-  been  ascer¬ 
tained  by  geological  examination. 

The  lecturer  goes  on  to  emphasize  the  necessity  of  training  professional 
geologists  in  the  university,  and  of  providing  instruction  in  this  science  in 
professional  courses  for  agriculturists,  foresters,  civil  and  mining  engineers, 
and  surveyors.  He  is  careful  to  state,  however,  as  his  personal  opinion — 
and  probably  all  who  have  had  experience  in  the  teaching  of  the  subject 
will  agree  with  him — that  “  much  the  strongest  claim  of  geology  for  an 
important  place  in  the  university  is  based  simply  on  the  educational  value 
of  the  subject.” 

Perhaps  the  most  striking  feature  of  the  lecture,  delivered  as  it  was 
by  a  professional  geologist  not  himself  engaged  in  teaching,  and  dealing, 
as  it  professes  to  deal,  with  the  application  of  science  to  industry,  is  the 
strong  plea  made  for  the  introduction  of  a  sound  geographical  course  into 
the  university  curriculum.  Mr.  Ward’s  views  on  the  value  of  training 
in  geography  are  stated  in  convincing  terms,  and  are  given  the  place  of 
honour  and  emphasis  in  the  conclusion  of  the  lecture. 

As  the  University  of  New  Zealand  has  by  a  recent  enactment  made 
possible  the  introduction  of  a  geography  course  in  the  New  Zealand 
colleges  as  an  optional  subject  for  the  B.A.  degree,  the  lecturer’s  remarks 
are  of  special  interest  here  at  the  present  time.  He  says, — 

The  scope  of  modern  geography  is  very  broad,  since  it  may  be  defined  as  the  study 
of  the  relationships  between  the  earth  and  organic  life — especially  human  life.  The 
syllabi  of  the  university  courses  in  geography  in  most  cases  include  lectures  grouped 
under  the  following  subdivisions  of  the  subject  r  Physical  geography,  oceanography, 
climatology  and  meteorology,  cartography,  regional  geography,  industrial  and  com¬ 
mercial  geography,  biological  geography,  anthropogeography,  and  the  conservation  of 
natural  resources.  .  .  . 

There  is  no  branch  of  human  study  and  inquiry  which,  to  such  a  marked  degree 
as  geography,  correlates  the  data  of  different  investigators  who  are  seeking  to  establish 
the  relationships  between  different  kinds  of  facts.  Geography  can  provide  much  of 
the  corrective  influence  needed  to  counteract  the  divergent  tendencies  of  other  more 
specialized  branches  of  science. 

The  main  theme  of  this  argument  is  that,  in  my  opinion,  the  greatest  service  that 
can  be  rendered  by  the  University  of  Adelaide  in  the  way  of  promoting  scientific 
development  will  be  effected  through  an  organized  system  of  education  in  the  method 
of  science,  beginning  with  the  primary  education  of  children.  It  is  a  scheme  that  may 
be  confidently  placed  before  a  British  community.  It  is  suggested  not  merely  to 
establish  a  class  of  men  having  special  qualifications  which  fit  them  to  dictate  proper 
methods  of  procedure  for  adoption  by  those  not  so  qualified.  Rather  it  is  proposed 
to  enable,  if  possible,  all  members  of  the  community  to  appreciate  the  value  of 
facts  and  of  research ;  and  for  this  reason  the  medium  chosen  is  a  subject  of 
fundamental  interest  and  value,  and  one  which  is  indispensable  in  the  earliest  stages 
of  education. 

The  special  educational  value  that  may  be  attributed  to  geography  lies  in  the  fact 
r-hat  it  brings  together  and  examines  side  by  side  the  results  obtained  by  scientific 
research  and  the  experience  won  by  those  who  are  engaged  upon  the  work  of  the  world. 
On  the  one  hand  the  chemist,  physicist,  geologist,  meteorologist,  botanist,  zoologist, 
physiologist,  and  anthropologist  bring  their  contributions  of  learning  ;  and  on  the 
other  hand  the  miner,  metallurgist,  engineer,  surveyor,  forester,  agriculturist,  pastoralist, 
manufacturer,  and  merchant  offer  their  empirical  data.  The  geographer  receives  and 
uses  all  such  materials,  and  by  studying  their  relationships  makes  his  own  great  con¬ 
tribution  to  education  and  to  progress. 

It  seems  that  the  establishment  of  a  school  of  geography  will  achieve  much 
towards  the  accomplishment  of  the  purpose  of  a  university,  if  we  maj^  accept  the 
definition  of  the  function  of  a  university  enunciated  by  Charles  Badham — “  To  give 
to  civil  society  its  dignity  and  its  permanence.” 

C.  A.  C. 
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The  Larderello  Natural  Steam-power  Plant,  by  Ugo  Funaioli,  Engineering , 
vol.  105,  pp.  507,  508,  567,  568,  569,  May  10  and  24,  1918. 

Near  Yolterra,  in  Tuscany,  over  an  area  of  about  100  square  kilo¬ 
metres  (38-61  square  miles)  a  group  of  sqffioni  (stream  springs)  and  lagoni 
(boiling  pools)  exists  which  has  been  for  many  years  the  base  of  a 
flourishing  chemical  industry.  The  steam  contains  boric  acid,  ammonia, 
carbonic  acid,  sulphuretted  hydrogen,  nitrogen,  and  a  small  quantity 
of  helium,  and  works  exist  for  the  production  of  boric  acid,  borax, 
and  ammonium  carbonate  from  the  steam.  As  the  region  is  rich 
in  iron  and  copper  pyrites,  and  the  important  steel  centre  of  Piombino, 
and  the  cities  Leghorn,  Siena,  and  Volterra  are  near,  the  power  ques¬ 
tion  is  important.  Therefore,  after  successful  experiments  from  1897 
onward,  the  natural  steam  being  used  in  piston  engines  without  in¬ 
convenience,  in  1912  a  330-horse-power  turbo-generator  was  installed, 
and  in  1916  a  turbine  power-station  of  10,000  horse -power.  The 
natural  steam  would  probably  drive  the  turbines  without  any  hurtful 
amount  of  corrosion  occurring,  but  the  presence  of  the  gases  mentioned 
above  would  make  the  condensing  plant  and  air-pumps  of  excessive 
size  and  cost,  so  pure  steam  is  generated  in  evaporators.  These  are 
virtually  vertical  water-tube  boilers  with  aluminium  tubes,  giving  steam 
at  7J  lb.  pressure,  which  is  superheated  by  the  natural  steam  before  passing 
through  the  turbines.  As  the  natural  sojjioni  are  not  usually  sufficiently 
productive  of  steam,  16  in.  bores  lined  with  iron  tubes  are  put  down  a 
depth  of  200-400  ft.,  which  deliver  up  to  30,000  lb.  of  steam  per  hour  at 
30-40  lb.  pressure  and  at  a  superheated  temperature  of  180°  C.  Electricity 
is  generated  at  4,000  volts,  stepped  up  to  36,000  volts  for  transmission. 
The  power-lines  radiate  to  Leghorn,  Siena,  Piombino,  Massa,  as  well  as 
to  various  local  works  and  to  Volterra.  At  different  points  they  connect 
in  parallel  with  the  water-power  systems  of  Terni  and  Ligure  Toscana, 
and  the  lignite  system  of  the  Societa  Mineraria  del  Yaldarno.  The  low- 
temperature  steam  system,  entailing  massive  turbines  and  enormous 
condensing- towers  and  air-pumps,  could  hardly  compete  with  ordinary 
power-stations,  but  the  scarcity  of  coal  in  Italy,  and  the  fact  that  the 
chemical  industry  is  a  by-product,  so  to  speak,  of  the  power-supply,  alter 
the  aspect  of  affairs.  At  Lago,  in  the  same  region,  the  natural  steam  is 
much  freer  from  accompanying  gases,  and  experiments  are  being  carried 
on  there  to  use  the  natural  steam  direct  in  the  turbines,  with  the  aid  of 
a  new  type  of  separator  for  freeing  the  steam  of  gas.  This  will  cut  out 
the  costly  boilers,  with  the  accompanying  thermal  loss  and  increased 
consumption  of  steam  per  horse-power-hour,  thus  both  decreasing  the 
capacity  of  the  condensers  and  allowing  the  less  expensive  jet  type  to 
be  used,  and  generally  diminishing  greatly  the  whole  cost  of  the  plant. 
Studies  are  also  being  made  for  the  utilization  of  volcanic  energy  near 
Naples,  at  the  famous  solfatara  of  Pozzuoli. 

(These  experiments  are  interesting  to  New-Zealanders  because  of  the 
much  more  extensive  and  active  thermal  region  of  Rotorua.  The  question 
of  adequate  power  may  at  once  be  granted,  but  that  of  cost  compared 
with  water-power  or  a  large  coal-power  plant  at  Huntly  would  need  close 
examination.  If  natural  steam  superheated  to  400°-500°  F.  could  be 
obtained  around  Rotorua  directly  suitable  for  turbines,  it  would  probably 
prove  the  cheapest  source  of  power-supply  for  the  North  Island;  but 
experiments  and  investigation  are  needed.  Transmission  advantages 
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presumably  favour  Huntly,  but  engineers  would  have  a  “sneaking  regard  ” 
for  a  combination  system,  even,  as  in  Tuscany,  of  the  three  sources  of 


power  working  in  parallel.) 


S.  H.  J. 


Feasibility  of  Manufacturing  Paper  from  Pulp  from  Tasmanian  Timbers, 

by  Henry  E.  Surface.  Report  of  the  Department  of  Lands  and  Survey 
of  Tasmania  for  1914 — 1915,  Hobart,  1915,  pp.  33-43. 

This  report  is  of  special  interest  in  New  Zealand,  as  one  of  the  timbers  the 
pulping  qualities  of  which  were  investigated  was  Nothofagus  Cunninghamii 
(in  Tasmania  known  as  “  myrtle  ”),  which  is  closely  related  to  and  pro¬ 
duces  a  timber  very  similar  to  our  Nothofagus  Menziesii  (silver-beech^ 
or  the  bush  marks  “  silver  -  birch,’5  now  becoming  known  as  “Southland 
beech  ”  among  timber-traders).  The  author  is  on  the  staff  of  the  United 
States  Forest  Service,  and  is  well  known  for  his  work  in  connection  with 
forest  products  ;  his  opinions  may  therefore  be  accepted  with  confidence. 
The  report  is  concise  yet  comprehensive,  and  the  subject  is  dealt  with  in 
such  a  manner  that  even  were  one  unaware  of  the  author’s  established 
reputation  one  could  not  but  be  impressed  by  his  mastery  of  the  subject. 

When  it  is  remembered  that  over  90  per  cent,  of  all  the  timber  used 
for  paper-pulp  in  Canada  and  the  United  States  is  coniferous  (softwood) 
timber,  it  is  scarcely  surprising  that  the  report  is  condemnatory  of  the 
Tasmanian  hardwoods  investigated.  The  softwoods  are  most  used  in 
America  because  they  are  the  most  suitable,  not  because  hardwoods  are 
scarce. 

Mr.  Surface  finally  recommends — (1)  That  as  a  purely  business  enter¬ 
prise  the  utilization  of  Tasmanian  hardwoods  for  pulp  or  paper  making 
should  not  be  given  further  consideration  ;  (2)  that  if  a  wood-pulp  and 
paper  industry  be  desired  recourse  should  be  had  to  planting  and  protecting 
suitable  species  of  trees  that  have  long-fibred  woods  ;  (3)  that  if  a  larger 
and  complete  utilization  of  native  woods  be  desired  a  number  of  systematic 
forest-products  investigations  should  be  undertaken,  looking  to  new  uses 
for  the  woods  as  well  as  larger  markets  for  the  timber  products  now  manu¬ 
factured.  The  investigations  should  also  consider  an  improvement  in  the 
quality  and  quantity  of  the  manufactured  timber.  There  should  also  be 
a  publicity  campaign  to  show  how  native  woods  could  be  substituted  for 
those  that  are  imported.  He  further  recommends 1  investigation  of  the 
value  of  Tasmanian  woods  for  the  production  of  alcohol,  tannin-extracts,, 
veneers  (especially  for  fiddle-backs),  wood-paving  blocks,  creosoted  sleepers, 
handles,  &c. 

“  Paper-pulp  is  made  from  wood  by  three  different  processes  ?  (1)  the  mechanical 
or  ground-wood  process  ;  (2)  the  sulphite  process  ;  and  (3)  the  soda  process,  which  is- 
sometimes  modified  in  what  is  termed  the  sulphate  process.  A  good  indication  of  the 
relative  importance  of  the  several  processes  is  obtained  by  comparing  the  amounts  of 
each  kind  of  pulp  produced  and  consumed.  Only  about  10  per  cent,  of  the  total  amount 
of  pulp  made  from  wood  is  obtained  by  the  soda  or  sulphate  process  ;  the  other  90  per 
cent,  is  about  equally  divided  between  the -sulphite  and  mechanical  pulps.” 

Soda  pulp  is  used  only  in  the  bleached  form  and  in  conjunction  with  10  to  60 
per  cent,  of  raw  or  bleached  sulphite  pulp  for  the  production  of  high-class  papers 
Sulphite  pulp  is  used  either  bleached  or  unbleached,  and  either  alone  or  mixed  with 
other  pulps,  for  a  great  variety  of  papers,  including  wrapping  and  news-print  paper.. 
Mechanical  pulp  is  always  used  in  the  unbleached  state*  and  enters  largely  into  all 
the  cheaper  papers,  for  which  there  is  the  largest  demand. 

For  pulp  the  main  wood  requirements  are  :  (1.)  For  the  mechanical' process  a  soft 
white -coloured  wood  having  long  fibres  is  essential  for  about  90  per  cent,  of  the  market ; 
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for  the  remainder  colour  is  of  less  importance.  Coniferous  woods  are  almost  exclusively 
used.  Hardwoods  are  not  suitable,  owing  to  their  hardness,  short  fibre,  and  colour, 
as  well  as  their  lower  yields  of  pulp  per  unit  of  wood.  (2.)  For  the  sulphite  process  the 
same  character  and  quality  of  wood  are  required  as  for  the  mechanical  process,  but 
uniformity  in  the  size  of  the  wood  is  of  less  consequence.  (3.)  While  the  sulphite,  process 
is  mainly  applied  to  the  long-fibred  coniferous  (soft)  woods,  the  soda  process  proper 
generally  uses  the  shorter-fibred  woods  from  deciduous  trees,  the  softer  or  more  open¬ 
grained  woods,  such  as  the  poplars,  being  preferred,  although  hardwoods  are  used  where 
local  conditions  warrant.  The  natural  colour  of  the  wood  is  of  little  importance,  as 
it  is  destroyed  in  the  cooking  process.  Mr.  Surface  states  that  only  the  soda  process, 
possibly  modified  to  the  sulphate  process,  is  applicable  to  the  Tasmanian  hardwoods, 
and  he  consequently  devotes  to  this  process  a  very  ample  description. 

In  New  Zealand  the  plentiful  coniferous  timbers  are  too  valuable  to  use 
for  pulp-making,  and  so,  as  an  abundant  supply  is  most  essential,  there 
remain,  therefore,  as  possibly  suitable  only  tawhero  or  kamahi  ( Weinmannia 
racemosa),  two  or  possibly  three  of  the  beeches  (birches)  ( Nothofagus  spp.), 
tawa  ( Beilschmiedia  tawa),  and  possibly  taraire  (B.  tarairi).  The  small  trees 
that  in  some  places  occur  in  great  abundance  would  not  yield  a  sufficient 
volume  of  wood  per  acre  even  if  the  quality  of  the  wood  were  suitable. 

The  Tasmanian  trees  on  which  Mr.  Surface  experimented  were  myrtle  ( Nothofagus 
Cunninghamii),  swamp-gum  ( Eucalyptus  regnans),  blue-gum  ( E .  globulus),  stringy-bark 
( E .  obliqua),  and  silver-wattle  ( Acacia  dealbata).  The  woods  of  these  trees  were  found 
to  be  very  dense  and  fine-grained,  and  on  this  account  they  would  be  difficult  to  pene¬ 
trate  with  solutions  despite  their  apparent  porosity.  Like  all  hardwoods,  they  were 
found  to  be  rather  short-fibred.  Stringy-bark  had  the  longest  fibres  (1-06  mm.)  and 
silver-wattle  the  shortest  (0-94 mm.);  myrtle  fibres  measured  1-04 mm.  Aside  from 
shortness,  all  the  fibres  were  found  to  be  uncommonly  delicate  and  slender.  From  the 
ascertained  characteristics  of  the  species  he  examined,  and  the  preceding  specifications 
of  the  woods  required  for  various  processes  of  pulp-making,  the  author  concludes  that 
there  is  but  one  process — the  soda  process — that  would  be  commercially  adaptable. 
Mr.  Surface  sets  out  in  tabulations  most  comprehensive  details  of  his  investigations. 
It  was  found  that  the  yields  of  pulp  were  about  30  per  cent.,  which  is  much  lower  than 
the  percentage  obtained  from  the  woods  used  in  America  ;  the  green  woods  all  con¬ 
tained  a  very  large  amount  of  water  ;  the  bleached  pulps  produced  were  approximately 
■equal  to  any  of  the  commercial  soda  pulps  in  suitability  for  the  manufacture  of  cheap 
writing,  envelope,  book,  magazine,  and  other  related  papers.  It  was  found  that  market¬ 
able  soda  pulps  can  be  produced  from  Tasmanian  woods,  but  not  sulphite  or  mechanical 
pulps. 

As  regards  the  utilization  of  mill-waste,  Mr.  Surface  points  out  that  sawdust,  even 
from  the  long-fibred  coniferous  timbers,  cannot  be  profitably  used  for  pulp  in  Europe 
and  America ;  consequently  the  sawdust  from  the  short-fibred  hardwoods  would  not 
be  suitable  for  pulp.  Besides  shortness  of  fibre,  sawdust  has  other  serious  defects 
that  make  it  unsuitable  for  pulp.  Other  forms  of  mill-waste,  when  clean  and  free  from 
rot  and  knots,  might  be  suitable;  but  when  one  considers  the  very  large  volume  of 
timber  required  by  a  modern  pulping  plant  it  is  found  that  the  largest  mill  in  Tasmania 
(after  firewood  for  mill-boilers,  &c.,  is  provided)  produces  only  about  one-fifth  of  the 
volume  of  waste  that  would  be  required  for  a  pulp-mill  of  a  minimum  capacity  of  10  tons 
of  pulp  a  day  (the  smallest  commercially  profitable  mill).  A  10-ton-per-day  pulp-mill 
would  require  a  supply  of  timber  not  less  than  12,500  superficial  feet  per  diem.  Duly 
considering  these  facts,  therefore,  one  must  conclude  that  it  would  not  be  at  present 
profitable  to  undertake  the  pulping  of  mill-waste  in  this  Dominion. 

Mr.  Surface  estimates  that  the  capital  required  for  a  plant  to  produce  10  tons  of 
pulp  every  day  of  twenty-four  hours  (to  operate  for  twenty  years)  is  £33,700  (in  the 
year  1915),  exclusive  of  the  outlay  required  for  sawmill,  tram-lines,  rolling-stock,  plant 
to  break  up  the  timber,  &c.,  which  would  be  an  additional  £30,000,  or  a  total  of 
£63,700. 

The  author  concludes  that  the  manufacture  in  Tasmania  of  pulp  for  sale  would 
not  be  a  profitable  undertaking  ;  he  shows,  however,  that  under  very  favourable  cir¬ 
cumstances  the  manufacture  of  pulp  and  paper  into  No.  1  book  and  related  printings, 
•cheap  writing  and  envelope  papers,  would  yield  a  profit  over  and  above  interest  on 
the  investment.  It  is  not,  however,  reasonable  to  suppose  that  circumstances  would 
be  always  most  favourable. 


E.  P.  T. 
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The  Alunite  Deposits  of  Australia  and  their  Utilization,  by  F.  W.  James, 

Bulletin  No .  3,  Advisory  Council  of  Science  and  Industry,  38  pp.,  9  plates  ; 

Melbourne,  1917. 

This  is  a  report  by  Mr.  Frank  W.  James  of  certain  investigations  con¬ 
ducted  by  him  under  the  direction  of  a  special  committee  of  the  Advisory 
Council.  The  importance  of  potash  fertilizers  is  emphasized,  especially 
in  the  growing  of  the  sugar-cane,  and  of  beets,  sorghum,  potatoes,  onions, 
and  maize  ;  and  attention  is  directed  to  the  serious  shortage,  owing  to  the 
war,  of  potash  salts  suitable  for  this  purpose — which  were  chiefly  derived 
before  from  the  Stassfurt  chloride  deposits  in  Germany.  After  naming 
the  chief  foreign  localities  where  alunite  is  found,  the  writer  refers  to  the 
Australian  occurrences  of  the  mineral — namely,  at  Bullahdelah,  New  South 
Wales,  where  there  is  a  large  supply  of  ore,  much  of  it  not  of  very  high 
grade  (the  best  having  been  shipped  since  1891  to  England  and  used  for 
the  manufacture  of  alum),  and  at  Carricklinga  Head  and  Warnertown,  in 
South  Australia,  the  ore  at  these  two  places  being  as  yet  undetermined  in 
quantity,  but  at  the  former  at  least  of  good  quality.  In  Italy  alunite  las 
been  used  as  a  source  of  alum  since  the  fifteenth  century,  and  the  La  Tolfa 
process  of  extraction  gives  the  key  to  Mr.  James’s  researches  and  results  ; 
that  process  consists  in  the  roasting  of  the  ore  to  a  dull-red  heat — that  is, 
until  a  temperature  of  about  500°  C.  is  reached.  Alunite,  which  is  a 
hydrated  basic  sulphate  of  potassium  and  aluminium,  breaks  up  under  the 
treatment  into  alum  and  insoluble  alumina.  Mr.  James,  whose  contri¬ 
bution  is  most  precise  and  valuable  (especially  in  regard  to  the  temperatures 
at  which  different  changes  occur),  finds  that  as  soon  as  a  much  higher 
temperature  than  500°  C.  is  reached  the  alum  is  resolved  into  potassium 
sulphate,  pure  alumina  (or  other  insoluble  alumina  product),  and  sulphuric 
anhydride.  It  is  showm  that  the  best  temperature  from  the  point  of  view 
of  economy  and  efficiency  is  a  temperature  near,  but  not  much  above, 
1,000°  C.  ;  the  process  is  described  in  detail  as  it  would  be  worked  on 
a  manufacturing  scale.  The  by-products  could  be  utilized,  the  alumina 
products  being  treated  by  the  Bayer  (caustic  soda)  process  for  the 
extraction  of  aluminium,  and  the  sulphur  oxides  being  used  for  the  making 
of  sulphuric  acid. 

The  production  of  potassium  sulphate  is  not  the  only  way  of  utilizing 
the  alunite  as  a  fertilizing  agent ;  a  firm  in  South  Australia  is  already  selling 
a  lime  fertilizer  formed  by  roasting  a  small  quantity  of  alunite  with  the 
limestone  in  the  kiln,  and  Mr.  James  points  out  that  there  is  no  reason  why 
a  much  higher  grade  potash  product  should  not  be  produced  in  the  same 
way.  Moreover,  experiments  conducted  by  the  Bureau  of  Soils,  Washing¬ 
ton,  U.S.A.  ( Circular  No.  76)  have  shown  that  the  increase  of  crop  from 
the  use  of  roasted  alunite  was  even  greater  than  when  potassium  sulphate 
or  chloride  was  used. 

For  biological  and  other  sources  of  potash  readers  may  be  referred  to 
Bulletin  No.  2  of  the  Department  of  Chemistry,  South  Australia  (reviewed 
in  the  March  number  of  this  Journal),  and  particularly  to  four  articles  on 
“  Potash  in  Agriculture,”  by  Mr.  B.  C.  Aston,  which  cover  most  of  the 
ground  ( Journal  of  Agriculture,  July,  1915  ;  December,  1916  ;  June,  1917  ; 
May,  1918).  This  by  the  way. 

The  present  bulletin  is  completed  by  appendices  containing  reports 
by  the  Government  geologists  of  the  alunite  deposits,  and  very  full  tables 
of  the  experiments  ;  although  it  is  not  the  last  word  on  the  subject  (for  the 


382  The  N.Z.  Journal  of  Science  and  Technology.  [Nov. 

farmer  does  not  yet  know  where  he  can  obtain  a  supply  of  a  good  potash 
fertilizer  at  a  reasonable  price),  it  marks  a  distinct  step  forward,  and  is  well 
worth  careful  reading  by  agriculturists  and  agricultural  chemists. 

G.  H. 

The  Control  of  Settlement  by  Humidity  and  Temperature,  by  T.  G.  Taylor, 

Commonwealth  Bureau  oj  Meteorology  Bull.  No.  14,  32  pp.,  21  figs.,  1917. 

In  this  bulletin  Dr.  T.  G.  Taylor  has  considered  the  influence  of  climate 
upon  human  activity,  especially  within  the  British  Empire.  Huntington 
has  concluded  from  a  study  of  the  records  of  work  done,  both  physical  and 
mental,  that  the  physical  activity  of  the  races  of  western  Europe  is  greatest 
when  the  average  temperature  is  about  60° — that  is,  on  days  when  the 
thermometer  goes  down  to  perhaps  50°  or  55°  at  night  and  rises  to  about 
65°  or  70°  by  day.  Mental  activity,  on  the  other  hand,  is  greatest  when 
the  average  is  a  little  below  40° — that  is,  on  days  which  may  have  frost 
at  night.  Mean  temperature  is  by  no  means  the  only  important  con¬ 
dition  ;  a  moderate  degree  of  dampness — that  is,  relative  humidity  from 
65  per  cent,  in  summer  to  90  per  cent,  in  winter — is  favourable,  but  when  the 
summers  are  wet  or  the  winters  are  very  dry  people  do  not  work  so  well. 
Dr.  Taylor  has  therefore  designed  a  type  of  diagram,  to  be  termed  the 
“  climograph,”  in  which  are  plotted  on  squared  paper,  with  ordinates  and 
abscissae  showing  the  relative  humidity  and  temperature  (wet  bulb),  average 
values  for  each  month.  The  latter  are  chosen  in  preference  to  the  usual 
drv-bulb  figures  as  giving  a  far  truer  indication  of  the  sensation  of  warmth 
experienced.  He  then  takes  the  records  for  twelve  typical  towns  in  which 
the  white  race  flourishes,  so  chosen  as  to  show  the  greatest  possible  range 
of  conditions  that  may  be  termed  favourable  for  settlement,  and  the 
average  value  from  these  towns  is  made  the  standard  climograph — that 
expressing  the  most  favourable  conditions  for  European  settlement.  The 
towns  chosen  are  Sydney,  Perth,  Hobart,  Cape  Town,  and  Johannesburg 
in  the  Southern  Hemisphere,  and  London,  Aberdeen,  Berlin,  New  York, 
Chicago,  and  Seattle  in  the  Northern  Hemisphere. 

Regions  of  which  the  climographs  lie  beyond  the  limits  of  the  area 
enclosed  by  the  standard  climograph  are  unfavourable  to  settlement  because 
the  climate  is  too  “  scorching,  muggy,  raw,  or  keen.”  It  would  have  been 
desirable,  perhaps,  to  have  included  average  wind-velocity  as  an  element 
determining  the  scale  of  comfort,  but  it  was  not  found  practicable  to  do 
so.  In  comparing  the  climates  of  various  parts  of  the  world  with  the 
standard  climograph,  that  of  the  south-east  of  England  from  April  to 
October,  “  which  is  almost  ideal,”  lies  within  the  area  of  the  standard 
climograph ;  but  of  all  the  climates  considered  those  of  Dunedin  and 
Wellington  most  closely  correspond  with  the  ideal  standard,  while  that  of 
Auckland  appears  to  be  a  little  on  the  muggy  side.  Dr.  Taylor  remarks, 
The  New-Zealanders  are  to  be  envied  for  their  climate.  The  figure  shows 
that  Wellington  and  Dunedin  lie  wholly  within  the  6  white  climogt&ph.’ 
The  death-rate  (the  lowest  in  the  world)  and,  one  imagines,  the  advanced 
legislation  for  which  New  Zealand  is  famous  are  correlated  with  this  con¬ 
dition,  which  makes  for  the  highest  mental  and  physical  development.” 

The  problem  of  the  white  settlement  of  the  tropics  is  illustrated  in  an 
interesting  manner  by  a  study  of  climographs,  and  these  lend  support  to 
Dr.  Taylor’s  contention  that  an  effective  and  energetic  white  settlement 
of  the  northern  coasts  of  Australia  cannot  be  expected.  W  N  B 
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The  Factors  influencing  Gold-deposition  in  the  Bendigo  Goldfield,  by 

F.  L.  Stillwell.  Commonwealth  of  Australia ,  Advisory  Council  of  Science 
and  Industry  Bulletin  No.  4 ;  68  pp.,  1917. 

This  bulletin  is  in  many  respects  one  of  the  most  valuable  papers  on  the 
Bendigo  Goldfield  that  has  appeared.  Following  an  introduction,  which  refers 
mainly  to  previous  geological  work,  is  a  general  outline  of  the  main  features 
of  the  field.  The  lode-containing  rocks  are  sandstones  and  slates  of  Ordo¬ 
vician  age.  With  these  are  thin  bands  of  limestone  which  is  of  secondary 
origin,  and  which  in  many  places  has  cone-in-cone  structure.  A  large  mass 
of  granodiorite  a  few  miles  south  of  Bendigo,  which  is  intrusive  into 
the  Ordovician  sediments,  is  considered  to  be  of  Devonian  age.  The 
monchiquite  dykes  found  in  “  centre  country  ”  are  of  Middle  Tertiary 
age,  but  are  distinct  from  the  basaltic  rocks  of  Victoria.  A  small  area  of 
volcanic  agglomerate  with  pseudo-glacial  characters  occurs  four  miles 
south  of  Bendigo.  The  only  other  rocks  of  the  district  are  Tertiary  and 


Quaternary  gravels. 

The  auriferous  quartz  lodes,  or  c"  reefs,”  occur  in  the  Ordovician  sedi¬ 
ments  characteristically  along  the  anticlinal  axes  of  folds.  They  are  con¬ 
sidered  to  be  of  the  same  age  as  or  slightly  younger  than  the  faults,  which 
latter  are  of  great  importance  in  connection  with  the  formation  of  the  lodes. 
The  nature  of  the  ore-bodies  is  fully  described,  and  the  terms  “  saddle 
reef,”  “  trough  reef,”  “  leg  reef,”  “  fault  reef,”  and  “  spur  ”  are  explained. 
In  addition  to  quartz,  ankerite,  siderite,  calcite,  chlorite,  muscovite,  and 
feldspar  occur  as  gangue  minerals.  Gold,  arsenopyrite,  pyrite,  pyrrhotite, 
zinc  blende,  galena,  stibnite,  chalcopyrite,  and  carbon  are  present  in  variable 
amount.  The  quartz  of  the  saddles  has  been  formed  mainly  by  fissure¬ 
filling,  but  in  the  leg  reefs  the  replacement  of  the  country  by  quartz  has 
been  an  important  process.  The  quartz  lodes  are  believed  to  be  of  Devonian 
age,  and  to  have  been  formed  by  solutions  given  off  by  the  granitic  intrusions 
in  the  Ordovician  rocks.  Dr.  Stillwell  believes  that  the  solutions  were 
forcibly  injected  similarly  to  the  injection  of  igneous  rocks.  The  gold  in  the 
lodes  is  almost  wholly  primary,  and  ‘was  deposited  as  the  metal,  and  not 
as  a  sulphide  or  a  telluride.  The  relation  of  the  faulting  to  the  reefs  is 
discussed,  and  emphasis  is  placed  on  the  genetic  relationship  between  them. 
The  gold  shoots  are  described.  The  author  points  out  that  detailed  study 
of  each  shoot  is  necessary,  but  that,  unfortunately,  in  most  cases  the  data 
are  scanty.  He  rejects  in  whole  or  in  part  most  of  the  theories  advanced 
to  account  for  the  distribution  of  the  gold,  but  views  with  some  favour 
the  hypothesis  that  the  faults  have  influenced  the  deposition  of  the  gold  in 
the  main  lode-channels.  Dr.  Stillwell  considers  that  replacement  of 
country  by  quartz  near  fault-planes  provides  the  best  general  explanation 
of  the  richly  auriferous  shoots.  The  gold  was  precipitated  by  the  carbon 
of  the  country,  this  not  being  acted  on  by  the  silica-bearing  solutions. 
“  The  above  explanation  of  a  gold  shoot  is  confined  at  present  to  the 
leg  reefs,  and  cannot  yet  be  discussed  in  regard  to  the  spurry  reefs  and 
saddle  reefs.” 

In  view  of  the  prominence  given  in  recent  years  to  the  impoverishment 
that  in  general  takes  place  in  lodes  in  depth,  it  is  surprising  that 
Dr.  Stillwell  makes  no  mention  of  this  subject.  The  mines  of  Bendigo 
are  among  the  deepest  gold-mines  of  the  world,  and  a  discussion  by  so 
keen  an  observer  as  Dr.  Stillwell  on  the  influence  of  depth  on  the  nature 
and  size  of  the  quartz  bodies  could  not  have  failed  to  be  of  the  greatest 
interest  both  to  the  student  and  to  the  miner.  J.  H. 
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CORRESPONDENCE. 

Manufacture  of  Chemicals  and  Drugs. 

Sir, — It  is  quite  two  years  since  those  interested  in  scientific  progress  in 
the  Dominion  began  to  move  in  the  direction  of  co-ordinating  science  and 
industry,  but  up  to  the  present  nothing  very  practical  has  resulted. 
Attention  has  been  perhaps  directed  too  much  to  the  inauguration  of 
research,  and  immediate  action  has  not  been  taken.  Research  is  a  thing 
of  comparatively  slow  growth,  and,  to  enter  on  it  with  any  prospect  of 
definite  result,  research  students  must  be  trained,  and  little  or  no  pro¬ 
vision  has  yet  been  made  for  this.  Meanwhile  there  is  a  department  of 
scientific  activity  which  could  be  entered  upon  almost  at  once,  and  where 
some  action  is  much  needed  ;  I  refer  to  the  manufacture  of  chemicals 
and  drugs.  An  attempt  has  been  made  in  some  centres  to  produce 
these,  but  apparently  without  success.  If,  however,  the  Government 
were  to  call  together  a  few  leading  pharmacists — say,  one  from  each  of  the 
four  main  cities — and  the  chemistry  professors  of  our  four  University 
colleges,  it  would  be  quite  possible  to  devise  a  scheme  for  the  manufacture 
of  the  most  important  lines.  Such  a  scheme  would  cost  a  little  to  start, 
but  it  would  pay  the  country  very  quickly.  Private  enterprise  can 
hardly  be  expected  to  make  a  venture  on  the  requisite  scale,  but  the 
Government  could  easily  do  it,  and  the  material  produced  could  be 
guaranteed  to  be  of  the  best  quality. 

Caustic  soda  is  very  badly  wanted  for  many  industries,  especially 
soapmaking,  and  at  present  all  commercial  users  of  soap,  such  as  wool- 
scourers,  cloth-makers,  &c.,  are  greatly  handicapped  by  its  poor  quality 
and  high  price.  The  substance  can  be  made  quite  easily  wherever  there 
is  sufficient  electric  power  available.  All  forms  of  potash  salts  are  very 
badly  wanted,  and  it  is  two  years  since  research  for  suitable  scources  of 
potash  was  urged.  Various  minerals,  certain  seaweeds,  and  suint  from 
unscoured  wool  are  available,  and  it  should  not  be  difficult  to  find  the 
required  material.  Pure  alcohol,  chloroform,  and  ether  are  easily  made. 
No  private  individual  can,  of  course,  make  the  first  named  of  these,  but 
the  Government  could  readily  undertake  it. 

The  following  are  the  prices,  before  and  since  the  war,  of  a  few  lines ; 
they  are  given  me  by  a  well-known  chemist,  and  they  show  the  need  of 
some  action  : — 


February,  1914. 

August,  1918. 

Ether,  sulphuric 

<ib.) 

2s.  3d. 

3s.  9d. 

Chloroform 

<ib.) 

2s.  6d.  to  9s. 

9s.  6d.  to  15s. 

Acetic  acid,  glacial 

(ib.) 

Is.  4d. 

5s.  6d. 

Carbolic  acid,  crude 

(gal.) 

5s. 

7s. 

Bromides  (Na,  K,  NH4). . 

(lb.) 

3s.  to  4s. 

11s.  to  18s. 

Potassium  bicarbonate 

(lb.) 

9d. 

7s. 

Potassium  citrate 

(lb.) 

3s.  6d. 

9s.  6d. 

Potassium  permanganate 

(lb.) 

7d. 

24s. 

Potash,  caustic 

(cwt.) 

45s. 

300s. 

Soda-ash 

(cwt.) 

10s. 

67s.  6d. 

I  suggest  that  consideration  of 

these 

facts  should  be 

urged  on  the 

Government.  I  do  not  think  the  practical  difficulties  are  very  great ; 

they  are  certainly  not  insuperable.  »  m 

J  j  f  Geo.  m  Thomson 

Dunedin,  26th  September,  1918. 
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EDITORIAL. 

\  $  p. 

Training  Research  Workers. 

The  Great  War  has  led  to  an  awakening  throughout  the  English- 
speaking  world  as  to  the  material  value  of  science.  In  New  Zealand,  as 
elsewhere,  there  is  a  good  deal  of  somewhat  loose  talk  of  the  relation,;:. of 
science  to  industry,  of  scientific  research,  and  of  the  value  of  pure  and 
applied  science.  (It  is  now  generally  recognized,  even,  that  applied 
science  could  not  exist  and  cannot  advance  except  coincidently  with 
pure  science.)  A  now  nearly  forgotten  committee  of  the  New  Zealand 
Institute  went  the  length  of  laboriously  formulating  a  scheme  for  the 
organization  of  scientific  research.  The  fact,  however,  is  liable  to  be 
overlooked  that  the  visible  supply  of  research  workers  in  this  Dominion 
is  a  very  small  one. 

When  a  sum  of  money  allocated  for  a  research  remains  unexpended, 
perhaps  not  applied  for,  it  is  by  no  means  correct  to  assume  that  the 
research  is  not  needed  :  it  may  be  a  matter  of  life  and  death.  Whatsis 
revealed,  however,  is  the  absence  of  a  suitably  gifted  and  suitably  trained 
worker  to  undertake  it.  Were  £100,000,  or  even  a  tithe  of  that  sum, 
available  to-day  for  scientific  investigation,  the  dearth  of  investigators 
would  be  at  once  apparent. 

Here  is  a  real  difficulty,  one  of  the  greatest  encountered  by  organizers 
of  scientific  and  industrial  research. 

It  may  be  objected  that  the  position  cannot  be  improved,  as  the 
scientific  investigator  is  born  and  not  made.  This  is  undoubtedly  true  ; 
but  it  is  also  true  that,  after  being  born,  he  must  be  recognized  and  trained. 
There  are  no  statistics  to  show  the  number  of  potential  scientific  workers 
diverted  by  lack  of  opportunity  to  other  walks  of  life.  It  may  be  that  the 
number  of  such  would  have  amply  supplied  the  need. 

If,  then,  we  are  willing  to  grant  that  the  supply  of  “  raw  material  ” 
is  forthcoming,  it  remains  only  to  select  and  use  it.  Under  our  system 
of  free  and  compulsory  education  it  may  be  assumed  that  at  least  a  fair 
proportion  of  our  scientific  “  raw  material  ”  qualifies  for  entrance  to  the 
University.  At  this  stage  a  serious  leakage  occurs.  The  New  Zealand 
youth  loathes  to  remain  longer  dependent  upon  his  parents  for  bare 
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necessities,  but,  above  all,  he  longs  to  have  the  handling  of  money  which 
he  feels  he  has  earned,  or  which  at  least  comes  to  him  from  an  outside 
source.  Commercial  and  professional  careers  and  the  'Public  Service  offer 
tempting  baits.  Many  potential  students  are  ensnared  by  the  possibility 
of  going  into  a  situation  and  eventually  “  taking  a  degree  ”  of  some  sort 
by  attendance  at  evening  classes  or  even  by  reading  as  “  exempted  ” 
students  of  the  New  Zealand  University. 

But  the  way  to  research  lies  through  full-time  university  work,  and, 
what  with  the  survival  of  the  fee  system  and  the  inadequacy  of  the 
paltry  sums  available  as  scholarships,  full-time  study  remains  a  luxury 
reserved  for  the  comparatively  rich. 

Whatever  may  be  the  correct  attitude  towards  higher  education  from 
the  point  of  view  of  general  culture,  it  is  unfair  to  assume  that  during 
the  long  training  period  of  a  future  scientific  worker  his  maintenance  is  a 
legitimate  charge  upon  his  parents,  be  they  rich  or  poor.  Do  not  students 
entering  on  such  courses  deserve  equal  treatment  with  cadets  entering 
the  Public  Service  to  do  clerical  work  ? 

It  is  interesting  in  this  connection  to  read  some  remarks  on  the 
subject  of  the  training  of  scientific  workers  in  the  Report  of  the  Committee 
of  the  Privy  Council  for  Scientific  and  Industrial  Research  for  the  Year 
1917-18*  and  to  note  with  what  approval  certain  passages  are  there 
quoted  from  the  report  of  Sir  Joseph  Thomson’s  committee  on  scientific 
education!  : — 

Unless  access  for  all  well -qualified  students  to  our  universities  and  higher  technical 
institutions  is  made  easier  than  it  is  at  present,  and  unless  they  are  generously  supplied 
with  the  large  funds  which  are  necessary  for  their  work,  our  efforts  will  be  foredoomed 
to  failure. 

In  support  of  this  view,  repeatedly  expressed,  we  would  call  your  Lordships’  special 
attention  to  the  findings  of  the  committee  appointed  by  the  Prime  Minister  “  to  inquire 
into  the  position  of  natural  science  in  the  education  system  of  Great  Britain.”  The 
powerful  report  issued  by  this  body  of  experts  and  men  of  affairs  claims  “  that  a  large 
increase  in  the  number  of  students  passing  through  our  universities  is  a  matter  of  great 
national  importance,  and  that  steps  should  be  taken  to  bring  a  university  training 
within  the  reach  of  every  one  of  sufficient  ability  to  profit  by  it.”  To  this  end  they 
think  it  necessary  that  a  substantial  reduction  in  the  scale  of  fees  and  an  equalization 
of  the  fees  in  the  different  faculties  are  necessary  reforms,  endorsing  in  this  respect  the 
unanimous  report  of  the  Haldane  Commission  on  University  Education  in  London. 
They  also  recommend  the  establishment  of  loan  funds  for  the  assistance  of  older 
students  and  a  generous  extension  of  the  system  of  scholarships.  They  advocate  an 
increase  in  the  stipends  of  junior  university  teachers,  but  they  lay  even  greater  stress 
on  a  reduction  of  their  “  official  duties  ...  to  at  most  four  days  a  week,”  and 
they  urge  further  financial  assistance  from  the  State  for  the  “  efficient  equipment  of  the 
laboratories  in  our  universities,”  while  steps  should  be  taken  “  to  relieve  the  professor,” 
who  in  smaller  institutions  is  often  single-handed,  “  of  some  part  of  his  routine  work 
and  leave  him  more  time  for  the  organization  and  supervision  of  research." 

Sir  Joseph  Thomson’s  committee  point  out  that  although  “  one  cannot  hope  to  get 
great  discoveries  simply  by  paying  for  them,”  yet  “  the  most  hopeful  way  of  promoting  ” 
them  •“  is  to  ensure  that  the  laboratories  are  as  efficient  as  possible  and  that  the 
professors  and  other  teachers  who  work  in  them  have  enough  free  time  for  original 
research.”  This  is  the  root  of  the  matter,  and  we  desire  to  associate  ourselves  with 
the  exhortation  to  prompt  action  with  which  the  Committee  preface  their  report.  .  .  . 

“  To  postpone  action  until  equipment  and  building  are  perfect,  or  the  supply  of  wise 
«  teachers  abundant,  until  the  enthusiasm  of  the  parent  is  aroused  or  the  patronage  of 
the  employer  is  secured,  until  all  fear  of  officials  has  vanished  and  complete  confidence 
exists  between  the  literary  lion  and  the  scientific  lamb,  is  to  place  an  obstacle  in  the 
way  of  progress — an  obstacle  greater  even  than  the  war.” 


*  Cd.  9144. 


f  Cd.  9011. 


1919.] 


Chilton.' — 'Boring  Crustacea  in  New  Zealand. 


3 


DESTRUCTIVE  BORING  CRUSTACEA  IN  NEW 

ZEALAND. 

By  Chas.  Chilton.  M.A.,  D.Sc.,  LL.D.,  M.B.,  C.M.,  F.L.S.,  C.M.Z.S.,  Hon. 
Member  Roy.  Soc.  N.S.W.,  Professor  of  Biology,  Canterbury  College, 
New  Zealand. 


CONTENTS. 

Introduction. 

Limnoria  lignorum  Rathke  and  other  Species  of  the  Genus. 
Chelura  terebrans  Philippi. 

Damage  done  in  New  Zealand  by  Limnoria  and  Chelura. 
Limnoria  attacking  Submarine  Cables. 

Sphaeroma,  quoyana  Milne-Edwards. 

References. 


Introduction. 

In  an  article  “  On  the  Marine  Wood-borers  of  Australasia  and  their  Work  ” 
(Report  Australasian  Association,  vol.  8,  p.  237)  Mr.  C.  Hedley  gave  an 
account  of  the  damage  done  to  submerged  timbers  in  Australia  by  marine 
borers  belonging  to  the  Crustacea  and  Mollusca  respectively.  In  the 
present  paper  I  give  a  short  account,  mainly  from  the  biological  point  of 
view,  of  the  occurrence  of  certain  boring  Crustacea  in  New  Zealand  and 
of  the  damage  done  by  them.  They  are  three  in  number — viz.,  the  two 
Isopods  Limnoria  lignorum,  (or  the  gribble)  and  Sphaeroma  quoyana,  and 
the  Amphipod  Chelura  terebrans.  I  am  not  including  the  Mollusc  Teredo, 
the  ship-worm. 

I  am  greatly  indebted  to  Mr.  W.  H.  Hamer,  M.Inst.C.E.,  Engineer 
to  the  Auckland  Harbour  Board,  for  information  regarding  the  destruction 
caused  by  these  marine  pests  in  Auckland  Harbour,  and  for  the  permission 
to  use  figures  7,  8,  9,  10  ;  to  Mr.  Cyrus  J.  R.  Williams,  Engineer  of  the 
Lyttelton  Harbour  Board,  for  similar  information  with  regard  to  Lyttelton  ; 
to  Mr.  H.  Hill,  Mayor  of  Napier,  and  to  Mr.  G-.  A.  Esther,  Engineer  to  the 
Wairoa  Harbour  Board,  Hawke’s  Bay,  for  information  as  to  the  occurrence 
of  Sphaeroma  quoyana  and  the  damage  caused  by  it  in  connection  with  the 
harbour-works  at  Wairoa.  Mr.  Esther  has  also  kindly  supplied  the  photo 
shown  in  fig.  11. 


Limnoria  lignorum  Rathke  and  other  Species  of  the  Genus. 

In  Europe  and  North  America  the  damage  done  by  the  two  boring 
Crustacea,  the  Isopod  Limnoria  lignorum  (commonly  known  as  the 
“  gribble  ”),  and  the  Amphipod  Chelura  terebrans,  has  been  very  extensive, 
and  has  given  much  trouble  to  Harbour  Board  Engineers  (see  Bate  and 
Westwood,  1868,  p.  351).  The  gribble  has  now  been  spread,  doubtless  by 
wooden  ships,  all  over  the  world.  Mr.  Hedley  mentioned  in  his  paper, 
published  in  1901,  that  it  had  been  found  in  timber  from  a  floating  jetty 
at  Circular  Quay,  Sydney  Harbour;  Mr.  Stebbing  (1908,  p.  50)  has  recorded 
it  from  Port  Elizabeth,  South  Africa  ;  and  Dr.  Tattersall  (1913,  p.  882) 
found  it  in  collections  made  by  the  “  Scotia  ”  at  Port  Stanley,  Falkland 
Islands.  In  1914  (p.  380)  I  recorded  it  from  Auckland,  Lyttelton,  and 
Akaroa,  in  New  Zealand,  the  first  specimens  having  been  sent  to  me  by 
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the  Engineer  of  the  Auckland  Harbour  Board  in  July,  1913.  There  is 
little  doubt  that  it  is  now  to  be  found  in  harbours  throughout  the  world, 
though  perhaps  the  destruction  caused  by  it  is  not  so  noticeable  in  these 
days  of  iron  ships  and  ferro-concrete  wharves  as  it  was  before  these  sub¬ 
stitutes  for  Wood  were  largely  used. 

Limnoria  lignorum  is  a  small  Isopod,  only  about  5  mm.  in  length  (see 
fig.  1).  It  has  very  short  antennae,  and  short  legs  which  are  abundantly 
supplied  with  hairs  and  dentate  setae,  probably  used  for  the  purpose  of 
removing  the  portions  of  timber  from  the 
bores  made  by  the  animal,  the  boring  being 
done  by  its  sharp  mandibles.  Six  species  of 
Limnoria  have  been  described,  though  it  is 
perhaps  doubtful  if  they  are  all  really  dis¬ 
tinct.  All  of  these  appear  to  be  borers,  with 
the  exception  of  L.  segnis  Chilton  from  New 
Zealand,  which  lives  on  the  roots  of  the  large 
kelp,  Macrocystis,  and  other  seaweeds  at  or 
slightly  below  low- water  mark.  The  original 
specimens  of  L.  antarctica  Pfeffer,  a  closely 
allied  species  from  Antarctic  regions,  was 
found  in  holes  bored  in  seaweed.  I  have 
other  specimens  from  Macquarie  Island,  “  at 
roots  of  kelp,’’  that  appear  to  belong  to  this 
species. 

L.  segnis  is  very  sluggish  in  its  movements, 
either  remaining  quite  still  or  creeping  about 
slowly  on  the  seaweed  when  it  is  removed  from 
the  water.  The  numerous  hairs  on  its  surface 
are  often  clogged  with  particles  of  mud  and 
other  extraneous  matter.  Its  existence  in 
New  Zealand  has  to  be  borne  in  mind  when 
dealing  with  the  gribble,  because  the  two  are 
almost  identical  in  external  aspect,  and  can  be 
distinguished  only  by  some  minute  characters 
connected  with  the  mouth-parts. 

The  two  chief  points  of  difference  are  found 
in  the  mandibles  and  in  the  maxillipedes.  In 
both  species  the  mandibles  have  a  sharp 
cutting-edge,  which  seems  to  be  the  chief  agent 
used  in  boring,  but  in  L.  lignorum  the  palp  is  of  fairly  large  size  and 
has  the  usual  three  joints, as  shown  in  fig.  2;  in  L.  segnis  the  palp  is 
much  smaller,  and  composed  of  two  joints  only  (see  fig.  3).  In  these 
two  figures  the  general  shape  of  the  mandible  itself  seems  to  be  some¬ 
what  different,  but  this  is  mainly  due  to  their  having  been  drawn  from 
slightly  different  aspects  ;  the  tuft  of  setae  shown  near  the  cutting-edge 
of  L.  lignorum  in  fig.  2  is  also  present  in  L.  segnis ,  but  is  concealed  in 
the  view  shown  in  fig.  3.  Similarly,  the  maxillipedes  are,  on  the  whole, 
very  similar  in  the  two  species,  but  there  is  a  difference  in  the  epipod,  or 
portion  of  the  appendage  farthest  from  the  median  line — i.e.,  to  the  right 
in  the  figures.  In  L.  lignorum  (fig.  4)  this  is  triangular  in  shape  and  con¬ 
siderably  less  than  half  the  total  length  of  the  maxilliped  ;  in  L.  segnis 
(fig.  5)  the  epipod  is  club-shaped,  widening  towards  the  distal  end,  which 
is  rounded,  and  is  fully  two-thirds  as  long  as  the  maxilliped. 


Fig.  1. — Limnoria  lignorum 
Rathke ;  female  (after 
Sars). 
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Fig.  3. 


Fig.  4. 


/ 


Fig.  2  — Limnoria  lignorum  Rathke  ;  mandible,  highly  magnified. 
Fig.  3. — Limnoria  segnis  Chilton  ;  mandible,  highly  magnified. 

Fig.  4. — Limnoria  lignorum  Rathke  ;  maxilliped,  highly  magnified. 
Fig.  5. — Limnoria  segnis,  Chilton  ;  maxilliped,  highly  magnified. 
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In  Europe  and  North  America  Limnoria  lignorum  seems  to  be  constantly 
associated  with  Chelura  terebrans ,  the  two  boring  together  into  the  same 
block  of  timber,  so  that  it  is  practically  impossible  to  say  by  which  the 
actual  damage  is  done.  Both  species  are  found  in  Auckland  Harbour,  and 
have  evidently  been  introduced  together  ;  as  yet  the  Chelura  has  not  been 
found  in  Lyttelton  Harbour  with  Limnoria,  nor  has  it  been  recorded  from 
Australia.  At  Christmas  Island,  Indian  Ocean,  a  Limnoria  and  a  Chelura 
are  also  found  together,  and  each  has  been  described  as  a  new  species  by 
Caiman  (1910,  p.  182). 

Other  associations  less  intimate  have  been  described  in  connection 
with  Limnoria.  In  England  the.  Isopod  Tanais  vittatus  was  constantly 
found  by  Dr.  Macdonald  (1875,  p.  67)  in  the  holes  bored  by  Limnoria 
lignorum  and  Chelura  terebrans ;  and  in  the  specimens  sent  me  both  from 
Auckland  and  Lyttelton  I  found,  along  with  the  Limnoria,  numerous  speci¬ 
mens  of  the  Amphipod  •“  Corophium  contractum  ”  G.  M.  Thomson  (1881, 
p.  220).  Neither  the  Tanais  nor  the  Ck  Corophium  ”  is  known  as  a  borer, 
and  their  presence  is  probably  merely  due  to  the  fact  that  the  timber 
bored  by  Limnoria  affords  them  a  suitable  home,  though  their  occurrence 
here  is  worthy  of  note  as  perhaps  showing  the  first  stage  in  an  association 
which  may  develop  into  a  much  closer  one,  similar  to  that  between 
Limnoria  and  Chelura. 


Chelura  terebrans  Philippi 

Chelura  terebrans  (fig.  6)  is  a  peculiar  Amphipod  of  small  size,  the 
male  being  6  mm.  long  and  the  female  slightly  smaller,  5  mm.  Chelura  is 
the  only  genus  of  the  family  Cheluridae,  and  differs  very  considerably 
from  most  Amphipods  in  the  peculiar  structure  of  the  terminal  portion  of 
the  body.  The  second,  or  inferior,  antenna  is  also  peculiar  in  having  the 
flagellum  composed  of  a  single  joint,  forming  a  large,  elliptical,  flattened 


Fig.  6. — Chelura  terebrans  Philippi  ;  female  (after  Sars). 


plate  fringed  with  hairs.  The  third  segment  of  the  pleon  is  produced 
dorsally  into  a  long  median  process,  longer  in  the  male  than  in  the  female, 
and  the  last  two  pairs  of  appendages,  or  uropoda,  are  specially  modified, 
the  terminal  one  having  a  short  peduncle  and  the  ramus  greatly  elongated. 
This  appendage,  like  the  inferior  antenna,  is  more  largely  developed  in 
the  male  than  in  the  female.  The  legs  of  Chelura  are  all  of  approximately 
the  same  size,  and  the  two  anterior  pairs,  or  gnathopoda,  are  not  greatly 
developed. 
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The  method  by  which  the  Chelura  excavates  its  borings  seems  to  be 
only  imperfectly  known  ;  presumably  the  mouth  organs,  especially  the 
mandibles,  are  the  parts  specially  used,  and  possibly  the  modified  antennae 
and  uropoda  are  of  service  for  clearing  out  the  bore  by  sweeping  out  the 
small  particles  of  wood.  Bate  and  Westwood  state  they  believe  the  posterior 
pair,  or  uropoda,  are  important  organs  in  permitting  the  animal  to  effect  a 
retrograde  movement  when  in  its  chamber. 

This  species  appears  to  be  quite  as  destructive  to  the  timber  of  piles 
and  other  marine  woodwork  as  the  gribble,  but  as  it  is  usually  associated 
with  that  species  it  is  difficult  to  distinguish  the  work  of  the  two.  This 
species  has  been  introduced  into  Auckland  Harbour,  where  it  appears  to 
be  quite  common. 

The  fullest  account  of  the  habits  of  Chelura  terebrans  known  to  me  is 
that  given  by  Allman  in  1847,  who  also  gave  a  full  description  of  its 
structure  and  of  its  place  among  the  Amphipoda.  Bate  and  Westwood 
(1863,  vol.  1,  p.  502)  add  little  to  the  information  already  supplied 
by  Allman  ;  and  Sars  (1895,  p.  627),  though  giving  a  full  diagnosis  of 
the  species,  merely  mentions  its  destructive  habits  and  association  with 
Limnoria. 

Damage  done  in  New  Zealand  by  Limnoria  and  Chelura. 

In  reply  to  a  question  from  me  as  to  the  amount  of  damage  done  by 
Limnoria  and  Chelura  in  Auckland  Harbour,  Mr.  W.  H.  Hamer,  M.Inst.C.E., 
Engineer  to  the  Auckland  Harbour  Board,  has  very  kindly  allowed  me  to 
see  a  copy  of  a  “  Report  on  the  Deterioration  of  Timbers,  &c.,  exposed  to 
Sea- water  Action  in  Auckland  Harbour,”  prepared  by  him  for  a  com¬ 
mittee  set  up  by  the  Institute  of  Civil  Engineers  at  the  request  of  the 
Imperial  Government,  and  to  make  the  following  extracts  from  it. 

The  damage  is  done  by  the  three  animals — Teredo  saulii  (the  ship- 
worm,  a  Mollusc),  and  by  the  two  Crustacea  Limnoria  lignorum  (the  gribble, 
an  Isopod)  and  Chelura  terebrans  (an  Amphipod).  The  two  latter  work 
together  in  the  same  piece  of  timber,  and  appear  to  be  more  recent 
importations  than  the  Teredo.  The  timbers  that  have  been  tried  as  piles, 
braces,  and  walings,  are  given  by  Mr.  Hamer  as  follows  : — 


. 

Local  Name. 

Botanical  Name. 

Where  from. 

Totara 

Podocarpus  totara  . . 

New  Zealand. 

Blackbutt 

Eucalyptus  pilularia 

New  South  Wales. 

Blue-gum 

Eucalyptus  globulus 

Victoria  and  Tasmania. 

Turpentine 

Syncarpia  laurijolia 

New  South  Wales. 

Ironbark 

(Probably  the  grey) 

Jarrah 

Eucalyptus  marginata 

Western  Australia. 

All  of  these  except  totara  and  turpentine  would  be  destroyed  in  a  year 
or  two  unless  sheathed  in  copper,  Muntz  metal,  or  zinc,  and  if  the  sheathing 
is  torn  destruction  commences  rapidly,  the  Teredo  entering  the  timber  and 
boring  down  inside.  For  the  last  fifteen  to  twenty  years  no  sheathing  has 
been  placed  on  timber,  and  only  northern  totara  and  turpentine  have  been 
used  for  buffer  and  fender  piles.  The  totara  used  must  be  red  heart  grown 
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to  the  north  of  Auckland  ;  the  sap-wood  is  at  once  attacked  by  Teredo , 
but  the  heart  is  not  badly  touched,  though  none  of  it  is  free  from  destruc¬ 
tion  by  Limnoria  and  Chelura  (see  fig.  7).  Since  1908,  owing  to  the  good 
reports  from  Sydney  (New  South  Wales)  and  other  harbours  as  to  its 
Teredo-resisting  properties,  turpentine  fender  piles  only  have  been  used, 
and  with  satisfactory  results  ;  the  Limnoria  and  Chelura  have  attacked 
them  to  a  small  extent,  but  there  are  very  few  Teredo  bores. 

Mr.  Hamer  notes  that  the  Limnoria  and  Chelura  appear  to  be  more 
destructive  now  than  the  Teredo  ;  that  the  destruction  takes  place  generally 
between  high-  and  low-water,  neap  tides  (see  figs.  8  and  9);  that  the 
timber  below  mud-level  remains  as  sound  as  originally  (see  fig.  10)  ;  and 
that  no  material  difference  in  the  destruction  of  timber  by  marine  pests 
was  noted  at  the  outfalls  of  sewers. 


Fig.  7. — Cross-sections  of  two  totara  piles  (each  14  in.  square),  showing  destruction 
by  Limnoria  lignorum  and  Chelura  terebrans.  Piles  were  driven  in  1896,  and 
these  sections  measured  in  February,  1917.  Shaded  portion  shows  area  re¬ 
maining  ;  white,  area  destroyed.  (After  Hamer.) 

The  only  fresh  water  entering  the  harbour  is  from  storm-water  over¬ 
flows  and  from  natural  surface  drainage,  the  harbour  being  entirely  an 
estuary  and  the  fresh  water  almost  negligible. 

In  consequence  of  the  destruction  of  timber  caused  by  these  marine 
pests  the  wharves,  &c.,  are  now  built  almost  entirely  of  concrete  and 
reinforced  concrete,  which  are  not  attacked  by  any  of  the  marine  animals. 

Limnoria  lignorum  is  also  common  in  Lyttelton  Harbour,  where  it  has 
done  a  certain  amount  of  damage.  In  this  case  it  appears  to  be  unaccom¬ 
panied  by  Chelura  terebrans.  Mr.  Cyrus  J.  R.  Williams,  Engineer  to  the 
Lyttelton  Harbour  Board,  tells  me  that  in  Lyttelton  it  can  hardly  be  called 
a  borer,  as  it  seems  to  operate  only  on  the  surface,  removing  about  1  in. 
from  the  outside  of  an  ironbark  pile  in  about  thirty  years,  though  in  softer 
timber  its  operations  are  much  more  rapid. 

Limnoria  attacking  Submarine  Cables. 

The  gribble,  however,  does  not  confine  its  attention  to  timber.  In 
March,  1916,  I  received  from  Mr.  Harold  Hamilton,  of  the  Dominion 
Museum,  a  piece  of  guttapercha  covering  the  inner  core  of  the  Cook  Strait 
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Fig.  9. — Low-level  landing  at  King’s  Wharf..  Built  1902,  of  heart  of  totara. 
Showing  destruction  of  piles,  fenders,  braces,  and  walings  by  Limnoria 
lignorum  and  Chelura  terebrans.  Heights  on  gauge  are  above  extra  low  water, 
spring  tides.  (After  Hamer.) 
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cable  which  had  been  bored  through  by  the  Limnoria  (1916,  p.  208).  Three 
specimens  were  sent  with  the  guttapercha,  and  I  found  another  still  in  the 
hole  bored  by  it.  By  examination  of  the  mouth-parts,  See.,  I  ascertained 
definitely  that  these  were  Limnoria 
lignorum ,  and  not  the  New  Zealand 
species,  L.  segnis .  Mr.  Shrimpton, 
of  the  Telegraph  Department,  in¬ 
formed  me  that  the  piece  of  cable 
examined  came  from  a  spot  where 
a  failure  had  occurred  off  Sinclair 
Head  at  a  depth  of  about  60  fathoms, 
the  spot  being  4-75  nautical  miles 
distant  from  the  nearest  land,  Sin¬ 
clair  Head,  and  13-75  nautical  miles 
from  the  entrance  to  Wellington 
Harbour.  As  I  have  already  pointed 
out  (1916,  p.  208),  these  facts  show 
not  only  that  the  gribble  has  be¬ 
come  very  abundant  in  New  Zealand 
harbours,  but  that  it  is  to  be  found 
at  a  considerable  distance  from  har¬ 
bours,  and  possesses  powers  of 
dispersal  hardly  to  be  expected  if 
we  consider  the  small  size  of  the 
animal  and  its  limited  powers  of 
locomotion 


SpHAEROMA  QUO  YANA  MlLNE - 

Edwards. 

The  Isopod  Sjphaeroma  quoyana 
Milne  -  Edwards  was  described  in 
1840  from  Australian  specimens,  but 
without  any  record  of  its  boring 
habits.  In  1853  Dana  described  a 
species  which  he  named  S.  verru- 
cauda  (which  has  since  been  proved 
to  be  identical  with  Milne-Edwards’s 
species)  from  the  Bay  of  Islands, 
New  Zealand,  and  stated  that  it  was 
found  “  in  rotten  wood  in  cavities 
bored  by  Teredo Miers  in  1876 
recorded  the  species  from  “  Auck¬ 
land,  Hobson’s  Bay,”  from  specimens 
in  the  British  Museum,  and,  after 
referring  to  Dana’s  statement  that 
it  occurred  in  cavities  bored  by 
Teredo ,  says  that  the  specimens  in 
the  British  Museum  inhabit  similar 
cavities  in  a  piece  of  limestone. 
I  think  that  there  can  be  little  doubt 
that  the  cavities  in  which  Dana 
found  his  specimens  had  been  bored 


Fig.  10. — Totara  pile,  driven  1896,  drawn 
1917.  Showing  damage  by  Limnoria 
lignorum  and  Chelur a  terebrans.  (After 
Hamer. ) 
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by  the  Isopod  itself,  and  not  by  Teredo.  Many  years  ago  specimens  were 
sent  to  me  by  Mr.  J.  MacMahon,  from  Kenepuru  Sound,  boring  into  soft 
sandstone.  Later  on  I  collected  specimens  in  Queen  Charlotte  Sound  which 
were  also  boring  into  sandstone.  Sphaeroma  quoyana  was  mentioned  by 
Hedley  (1901,  p.  239)  as  having  been  found  boring  in  wood  in  Sydney  Har¬ 
bour,  and  he  states  that  it  hardly  differs  from  S.  verrucauda.  In  1903  Mr. 
T.  Whitelegge  sent  me  specimens  of  S.  quoyana  from  Sydney  Harbour,  and 
in  forwarding  them  said,  “  Sphaeroma  quoyana  is  identical  with  specimens 
from  Mr.  Thomson’s  collection  labelled  S.  verrucauda .”  These  specimens 
in  Mr.  Thomson’s  collection  were  some  of  those  from  Kenepuru  Sound  that 
I  had  handed  on  to  him.  In  a  paper  published  in  1912  (p.  134)  I  con¬ 
firmed  Mr.  Whitelegge’s  statement  that  the  two  species  should  be  united, 
although,  as  stated  originally  by  Miers,  the  Australian  examples  are  not  so 
hairy  as  those  from  New  Zealand,  and  they  may,  of  course,  have  slightly 
different  habits.  In  my  collection  I  have  specimens  also  from  Western 
Port,  Victoria,  collected  by  the  late  0.  A.  Sayce,  and  one  collected  by 
Mr.  G.  M.  Thomson  under  stones,  Huon  River,  Tasmania. 

In  his  paper  Mr.  Hedley  uses  the  two  names,  S.  quoyana  and  S.  verru¬ 
cauda,  as  it  was  not  definitely  known  at  that  time  that  these  are  different 
names  of  the  same  species.  He  also  mentions  “  a  species  of  Sphaeroma, 
distinct  from  S.  quoyana,  probably  unnamed,”  which  he  had  seen  from 
Wyong,  N.S.W.,  and  Port  Mackay,  Queensland,*  and  it  is  not  quire  clear 
whether  the  description  he  proceeds  to  give  of  the  destruction  caused  by 
the  Sphaeroma  refers  to  this  species  or  to  S.  quoyana.  He  gives,  however, 
a  figure  (1901,  pi.  vii)  of  a  block  of  “  hardwood  (eucalypt)  ”  bored  by 
S.  quoyana.  This  timber  formed  one  of  the  ribs  of  a  craft  which  had  lain 
for  several  years  as  a  wreck  at  the  head  of  Mosman’s  Bay,  Sydney  Har¬ 
bour.  He  states  that  the  perforations  are  J  in.  in  diameter,  and  adds  that 
this  Sphaeroma  had  been  observed  by  Mr.  Whitelegge  to  bore  holes  in  the 
sandstone  rock  at  Mosman’s  Bay. 

It  thus  appears  that  S.  quoyana  may  bore  either  into  wood  or  into 
sandstone  or  other  rock. 

Subsequently  specimens  of  S.  quoyana  were  sent  to  me  from  Hawke’s 
Bay  by  Mr.  Hutchinson,  labelled  “  Brackish,  in  burrows  ”  ;  and  in 
Mr.  W.  R.  B.  Oliver’s  collection  there  are  several  labelled  “  Mud-flats, 
Wanganui,”  and  others  “  Rangitoto  Channel,  Narrow  Neck,  Auckland 
Harbour,”  though  in  these  cases  there  was  no  record  of  the  material  into 
which  the  Sphaeroma  was  boring. 

Probably  the  species  is  fairly  common  in  suitable  localities  round  the 
coast  of  New  Zealand,  but  I  had  not  heard  of  its  doing  any  damage  of 
economic  importance  until  in  April,  1918,  Mr.  H.  Hill,  Mayor  of  Napier, 
sent  me  specimens  that  were  boring  into  the  claystone  or  papa  rock 
used  for  embankments  in  the  harbour-works  at  Wairoa,  Hawke’s  Bay, 
where  it  honeycombed  the  rock  so  that  it  quickly  crumbled  away. 
In  replying  to  my  questions,  Mr.  G.  A.  Esther,  Engineer  of  the  Wairoa 


*  Specimens  of  this  species  from  Wyong  were  afterwards  sent  to  me  by  Mr.  White¬ 
legge,  and  I  have  identified  it  as  Sphaeroma  terebrans  Bate,  a  species  widely  dis¬ 
tributed  in  warmer  seas  in  India,  &c.,  and  probably  identical  with  S.  destructor 
Richardson  from  St.  John’s  River,  Florida,  U.S.A.  Stebbing  (1904,  p.  16)  gives  a  full 
account  of  S.  terebrans  and  discusses  its  synonymy  (see  also  Richardson,  1905,  p.  282). 
Later  on  Stebbing  (1908,  p.  49)  recorded  it  from  Gamtoos  River,  South  Africa.  Since 
this  was  written  Dr.  T.  Harvey  Johnston  has  sent  me  specimens  from  Brisbane 
River,  Queensland,  where  it  is  very  destructive  to  submerged  timbers. 
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Harbour  Board,  sent  me  further  particulars  of  the  damage  done  by  it. 
He  states  that  the  animal  is  found  in  the  claystone  “  used  in  the 
harbour-works  (1913)  to  form  walls  constricting  the  river-mouth.  The 
work  at  the  sea  end  consisted  of  concrete  laid  first  in  bales,  upon  which 
concrete  blocks  were  laid  with  a  close  sheeting  of  timber  to  the  river 
frontage,  as  shown  in  the  enclosed  photo  [see  fig.  11].  This  sheeting 
was  afterwards  extended  to  protect  the  papa  wall,  which  has,  how¬ 
ever,  practically  disappeared  on  the  western  side  ”  ;  and  he  adds  that 
Captain  Fletcher  states  the  removal  of  the  papa  has  been  expedited  by 
the  action  of  the  Isopods,  whose  honeycombing  operations  have  made  the 
papa  very  light.  Blocks  that  had  been  left  showed  that  the  Isopods  do  not 
touch  the  papa  where  it  is  embedded  in  the  river-mud,  nor  will  they  touch 
any  that  is  not  covered  with  water  practically  all  the  time.  Mr.  Esther  is 


[Photo  by  G.  A.  Esther. 


Fig.  11. — Western  wall,  Wairoa  Harbour- works,  during  construction,  1913-14. 


unable  to  state  whether  the  degree  of  saltness  of  the  water  affects  the  action 
of  the  animals  or  not.  He  also  states  that  the  first  two  blocks  of  concrete 
were  laid  on  the  end  of  the  papa  wall  instead  of  on  concrete,  and  these 
have  sunk  a  few  feet,  and  Captain  Fletcher  attributes  this  to  the  destruc¬ 
tion  of  the  underlying  papa  by  the  Sphaeroma. 

Sphaeroma  quoyana  is  much  larger  than  either  of  the  animals  previously 
mentioned,  being  about  12  mm.  long  and  7  mm.  broad.  It  is  one  of  the 
Sphaeromidae,  and,  like  many  other  species  of  that  family,  is  capable  of 
rolling  itself  up  into  a  ball,  though  not  so  completely  as  some  of  the  other 
species  can  do.  The  antennae  and  legs  are  comparatively  short,  and  the 
terminal  appendages,  or  uropoda,  have  the  outer  branch  serrated  on  its 
outer  margin.  Most  of  the  segments  of  the  body  are  comparatively 
smooth,  though  on  the  terminal  portion  of  the  pleon,  or  tail,  there  are  a 
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few  larger  granules  arranged  in  two  longitudinal  lines.  In  that  part  of 
the  body  there  are  also  some  fine  short  hairs,  which  vary  in  abundance 
and  seem  better  developed  in  the  New  Zealand  specimens  than  on  some  of 
the  Australian  ones. 

The  bores  made  by  the  Sphaeroma  quoyana  are  very  much  larger  than 
those  made  by  Limnoria,  and  are  approximately  the  same  size  as  those 
usually  made  by  the  ship-worm,  or  Toredo.  The  photo  (fig.  12)  shows  a 
piece  of  sandstone  from  Queen  Charlotte  Sound  bored  by  Sphaeroma 
quoyana,  the  head  of  one  of  which  can  be  seen  in  the  bore  a  little  above 
and  to  the  right  of  the  centre  of  the  block.  In  this  piece  of  sandstone 
the  bores  vary  in  size,  the  majority  being  6-7  mm.  in  diameter,  though 


Fig.  12. — Piece  of  sandstone  from  Queen  Charlotte  Sound  bored  by  Sphaeroma 
quoyana  M.-Edw.  The  head  of  one  of  the  animal?  can  be  seen  in  the  bore  a 
little  above  and  to  the  right  of  the  centre  of  the  figure. 


there  are  some  smaller  and  one  or  two  as  small  as  T5  mm.  Presumably 
the  smaller  bores  are  made  by  the  younger  and  smaller  animals,  for  all  of 
them  appear  to  have  been  made  by  the  Sphaeroma,  and  there  is  no  sign 
of  any  other  borer. 

With  Sphaeroma  quoyana,  there  is  constantly  associated  the  minute 
Isopod  lais  pubescens  Dana  var.  longistylis  Chilton  (1912,  p.  132).  This 
animal  is  generally  found  on  the  ventral  aspect  of  the  Sphaeroma,  among 
the  bases  of  the  legs,  and  should  rather  be  called  a  commensal  than  a 
parasite,  as  it  derives  no  sustenance  from  the  Sphaeroma.  It  is  probably 
this  animal  that  is  referred  to  by  Mr.  Hedley  when  he  states  that  the 
Sphaeroma  from  Sydney  Harbour  was  always  associated  with  “  a  minute 
crustacean  identified  for  me  by  Mr.  Whitelegge  as  Janira  sp."  (1901, 
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p.  240).  The  variety  longistylis  of  lais  pubescens  has  hitherto  been  found 
only  on  Sphaeroma  quoijana ;  it  differs  from  the  typical  form  in  having  the 
terminal  uropoda  rather  longer.  The  typical  form  is  found  on  Sphaeroma 
gigas,  and  also  on  other  allied  species  of  the  Sphaeromidae. 

It  seems  that  Sphaeroma  quoyana  is  frequently  found  in  places  where  . 
the  water  is  brackish.  The  specimens  sent  me  from  Hawke’s  Bay  by 
Mr.  Hutchinson  were  definitely  stated  to  be  from  brackish  water,  and  those 
in  Mr.  Oliver’s  collection  from  Wanganui  and  those  from  Wairoa  were 
probably  also  from  brackish  water.  The  single  specimen  that  I  have  from 
Tasmania  was  from  the  Huon  River,  though  there  is  no  note  as  to  the  con¬ 
dition  of  the  water  in  which  it  was  found.  Similarly  Sphaeroma  terebrans 
is  recorded  by  Stebbing  from  Lake  Negombo,  Ceylon,  “  a  salt-water  lake 
having  both  fluviatile  and  marine  connections.”  S.  destructor ,  which  Miss 
Richardson  claims  as  distinct  from  S.  terebrans,  occurs  in  fresh  water  in 
St.  John’s  River,  Palat-ka,  Florida.  An  account  with  photographs  of  the 
very  serious  damage  done  by  this  Sphaeroma  at  Maryport,  Florida,  is 
given  in  the  Scientific  American  for  the  5th  December,  1914.  I  am 
indebted  to  Mr.  Hamer  for  this  reference. 
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NOTES  ON  THE  ACCLIMATIZATION  OF  BIRDS. 

By  Dr.  Rudolf  Haeusler, 

This  Journal  lias  done  a  service  to  New  Zealand  in  drawing  attention  once 
more  to  the  important  subjects  of  the  acclimatization  and  control  of  birds, 
and  in  opening  its  columns  to  discussions  on  these  matters.*  In  this  article 
I  have  to  offer  a  few  remarks  on  the  two  groups  of  European  birds  which 
Mr.  H.  W.  Simmonds  specially  mentions  as  worthy  of  acclimatization  in  this 
country — viz.,  the  titmice  and  the  woodpeckers.  These  remarks  are  based 
upon  many  years'  close  observations  in  Switzerland,  my  native  country,  and 
in  other  parts  of  the  Continent,  but  they  refer  to  species  which  have  a 
very  wide  range  of  distribution,  including  the  British  Isles. 

The  first-named,  the  titmice,  Mr.  Simmonds  describes  as  being  “  amongst 
the  most  beautiful  and  useful  groups  of  purely  insectivorous  birds.”  On 
the  question  of  the  usefulness  of  these  birds  there  cannot,  of  course,  be  any 
doubt  whatever.  Their  sphere  of  action  is,  it  is  true,  somewhat  limited, 
being — except  in  the  case  of  the  bearded  tit,  whose  habitat  is  the  reed- 
covered  marshes — almost  entirely  restricted  to  trees,  bushes,  and  low  scrub. 
In  these  haunts,  however,  they  render  invaluable  services,  as  their  extra¬ 
ordinary  agility,  ceaseless  activity,  keen  vision,  and  intelligence  enable 
them  to  discover  even  the  minutest  insects,  and  their  eggs,  larvae,  and 
pupae,  in  their  most  carefully  chosen  hiding-places. 

With  the  exception  of  the  already  mentioned  bearded  tit  and  of  the 
crested  tit,  which  is  seldom  found  outside  the  great  pine  forests,  titmice 
are  frequently  met  with  in  the  close  vicinity  of  human  habitations.  The 
great  tit  and  the  blue  tit  especially  show  a  decided  preference  for  such 
localities,  and  will,  if  hollow  trees  or  other  suitable  building-places  exist, 
or  if  nesting-boxes  are  provided,  make  their  permanent  home  in  gardens 
and  orchards,  where  they  become  so  friendly  that  they  will  take  food, 
kernels  of  walnuts,  and  other  titbits  from  the  outstretched  hand  whenever 
they  are  called  to  do  so. 

The  amount  of  good  these  birds  do  under  these  circumstances  is  seldom 
fully  appreciated.  The  fact  that  in  one  year  a  single  tit  may  destroy  as 
many  as  300,000  insects,  most  of  them  belonging  to  injurious  species,  helps 
to  give  a  fair  idea  of  the  greatness  of  their  services  to  man. 

Tits  are,  of  course,  most  active  at  the  time  when  they  rear  their 
amazingly  large  families,  which  event  happens  twice  in  the  one  season. 
The  number  of  insects  which  the  parent  birds  have  to  provide  to  fill  eight 
to  twelve  and  in  some  cases  even  more  ever-hungry  little  stomachs,  in 
addition  to  what  they  require  for  their  own  wants,  must  almost  pass 
belief.  The  title  of  “  guardians  of  the  orchard  ”  which  has  been  given 
to  these  birds  on  the  Continent  is  therefore  fully  justified. 

So  far  so  good.  There  is,  however,  another  side  to  the  question,  which 
in  a  discussion  bearing  on  the  subject  of  acclimatization  demands  very 
careful  consideration.  Titmice  are,  as  a  matter  of  fact,  not  purely  insect¬ 
ivorous.  Their  diet  is,  on  the  contrary,  very  mixed,  and  includes  such 
things  as  seeds,  nuts,  berries,  and  other  fruits,  and  this  not  only  in  winter, 


*  CJ.  W.  E.  Collinge,  The  Food  of  British  Wild  Birds,  vol.  I,  pp.  67-69 ;  H-  W. 
Simmonds,  Suggestions  for  Acclimatization  of  Animals  in  New  Zealand,  vol.  1 
pp.  132-34;  and  subsequent  correspondence. 
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when  insect-life  is  at  its  lowest  ebb,  but  also  all  through  the  summer, 
when  insects  are  most  plentiful,  although  then,  of  course,  to  a  much  less 
degree.  They  are  particularly  fond  of  seeds  of  an  oily  nature,  and  in 
districts  where  crops  bearing  such  are  raised  on  a  large  scale  their  depreda¬ 
tions  are  therefore  by  no  means  inconsiderable.  When  very  hard  pressed 
by  hunger  and  cold,  titmice  have  been  observed  drawing  straws  from 
cornstacks  for  the  sake  of  the  grain,  but  this  is  evidently  a  very  rare 
occurrence. 

Among  the  hundreds  of  tits  of  different  kinds  which,  with  a  host  of  other 
birds,  gathered  every  winter  round  the  specially  prepared  feeding-places 
in  our  garden  in  the  northern  part  of  Switzerland,  where  the  winters  are 
very  severe,  none  ever  betrayed  any  liking  for  grain,  though  thej  were 
in  other  respects  by  no  means  particular  in  the  selection  of  their  rood. 
Neither  did  any  of  the  numerous  great  tits,  blue  tits,  coal-tits,  and  marsh- 
tits — which  I  kept  every  winter  in  captivity,  to  be  liberated  again  in 
spring — ever  do  so. 

Titmice  have  been  accused  of  damaging  fruit-buds,  but  this  is  only 
correct  in  so  far  as  they  search  for  insects  which  these  buds  harbour.  As 
these  insects  would  destroy  the  buds  anyhow,  besides  inflicting  other 
damage  to  the  tree,  the  action  of  the  birds  cannot  reasonably  be  made  the 
subject  for  complaint. 

The  position  is  somewhat  different  in  regard  to  the  fruit  itself.  The 
tits  are  certainly  not  total  abstainers  in  this  direction,  but  the  damage 
which  they  cause,  chiefly  among  the  cherry-trees,  is  by  no  means  consider¬ 
able — in  fact,  quite  insignificant  when  compared  with  the  services  they 
render  these  same  trees  and  the  havoc  which  other  feathered  visitors  cause 
to  the  same  crops.  As  it  frequently  happens  in  this  world  of  ours  that 
the  innocent  have  to  suffer  for  the  guilty,  so  tits  are  often  made  responsible 
for  the  misdeeds  of  sparrows,  blackbirds,  and  other  marauders. 

It  has  also  to  be  considered  that  not  only  with  regard  to  fruit  but  in 
every  other  connection  damage  done  to  crops  by  birds  or  other  animals  is 
generally  very  quickly  discovered  and  resented,  while  their  good  services 
are  not  as  a  rule  as  readily  noticed.  There  is,  moreover,  always  a  tendency 
to  overestimate  any  loss  inflicted  in  our  cultivations.  We  are,  again,  too 
often  quite  unreasonable  in  our  attitude  towards  our  lowrer  fellow-creatures, 
and  inclined  to  forget  that  to  labour  exclusively  for  our  benefit  is  not  their 
role  in  the  scheme  of  nature. 

It  is  also  at  all  times  a  most  difficult  matter  correctly  to  estimate  the 
usefulness  or  harmfulness  of  any  wild-living  species.  Only  the  most  careful 
observation  of  their  habits  under  all  kinds  of  conditions,  at  different  seasons, 
during  different  parts  of  the  day  and  in  different  localities,  and  the 
examination  of  the  contents  of  the  alimentary  organs  of  specimens  procured 
under  as  varied  conditions  as  possible — also,  wherever  possible,  experiments 
on  birds  kept  in  captivity — can  furnish  reliable  data  on  which  to  base  a 
fair  judgment.  In  the  case  of  most  of  the  titmice  the  results  of  such 
observations  have  so  far  been  overwhelmingly  in  their  favour:  From  a 
purely  utilitarian  point  of  view  there  is,  therefore,  no  reason  why  these 
birds  should  not  be  placed  high  in  the  list  of  desirable  immigrants. 

It  is,  nevertheless,  well  to  consider  certain  possibilities.  There  is,  of 
course,  always  a  danger  that  in  new  surroundings,  such  as  New  Zealand 
offers  to  all  Old  World  denizens,  these  latter  may  change  their  food  habits 
to  a  more  or  less  considerable  extent,  and  do  so  to  the  detriment  of  our 
farming  and  fruitgrowing  interests.  In  the  case  of  the  titmice  it  may  be 
taken  for  granted  that  with  their  large  families,  and  with  so  few  natural 

2 — Science. 
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enemies  and  no  rigorous  winters  to  thin  their  ranks,  their  rate  of  increase 
would  be  so  rapid  that,  as  they  are  in  a  great  measure  omnivorous,  they 
would  in  time,  in  proportion  as  the  supply  of  insects  began  to  fail,  learn 
to  depend  more  and  more  on  vegetable  products  for  their  support,  and, 
as  the  most  convenient  source  of  such  would  be  among  the  crops  raised  by 
man,  ultimately  become  as  great  a  pest  as  some  of  the  other  acclimatized 
species. 

Fortunately,  tits  are  among  the  least  suspicious  of  all  birds.  They 
are  so  easily  trapped  and,  should  such  a  regrettable  necessity  arise,  could 
so  easily  be  decimated  by  poison  that  it  would  be  quite  a  simple  task  to 
keep  their  number  within  desirable  bounds. 

Not  only  from  a  materialistic  point  of  view  but  also  from  a  sentimental 
standpoint  titmice  would  be  a  valuable  addition  to  our  avifauna.  They 
are  charming  and  most  interesting  little  creatures,  bright,  full  of  life  and 
fun,  ever  active,  graceful  in  all  their  rapid  movements,  and  always  highly 
entertaining  through  their  many  curious  and  comical  little  ways.  The 
blue  tit  is,  moreover,  a  strikingly  handsome  bird,  and  also  the  great  tit 
deserves  to  be  classed  among  the  most  gaily  attired  of  our  feathered 
friends.  Though  less  conspicuous  in  respect  of  the  colouring  of  its  plumage, 
and  though  being  one  of  the  most  diminutive  of  European  birds,  the  long¬ 
tailed  tit  always  attracts  attention.  It  is  probably  the  most  graceful  of 
all  arboreal  birds,  and  an  early  morning  visit  from  a  couple  of  these  birds 
with  their  whole  tribe  of  little  ones,  often  more  than  a  dozen,  is  an  event 
not  easily  forgotten.  They  explore  every  nook  and  cranny  of  a  tree, 
or  in  a  more  playful  mood  indulge  in  most  extraordinary  gymnastic 
performances  with  long  thin  twigs  as  horizontal  bars.  The  long-tailed 
titmouse  is,  besides,  a  wonderfully  gifted  architect.  Its  domed  nest  is 
indeed  a  truly  marvellous  structure. 

Tits  are,  it  must  be  admitted,  not  great  musicians.  Their  song  is  very 
simple,  neither  artistic  nor  particularly  melodious,  but  it  is  cheerful  and 
pleasing,  and  being  frequently  heard  in  winter,  when  other  birds  are  silent 
or  almost  so,  is  then  doubly  welcome. 

What  has  here  been  said  of  the  usefulness  of  the  titmice  applies  also  to 
the  second  group  of  European  birds  mentioned  in  Mr.  Simmonds’s  article, 
the  woodpeckers.  They  may  be  said  to  supplement  the  good  work  of  the 
titmice,  inasmuch  as  with  their  powerful  build  and  their  strong  bills  and 
long  tongues  they  are  able  to  reach  insects  which  are  not  accessible  to  the 
smaller  and  much  weaker  birds. 

Unfortunately,  however,  the  difficulties  of  transport,  which  in  the  case 
of  the  tits  would  be  very  few,  would  in  their  case  be  so  great  as  to  be 
almost  insuperable,  so  that  their  acclimatization  in  this  country  is  not  likely 
to  be  an  event  of  the  near  future,  and  need,  therefore,  not  be  further 
discussed  for  the  present. 

Addendum. — The  above  notes  were  already  set  in  type  when  the  September  number 
of  the  Journal,  containing  Mr.  E.  F.  Hawthorne’s  letter  on  the  “  Proposed  Introduction 
of  Animals  and  Plants,”  came  to  hand. 

I  fully  agree  with  Mr.  Hawthorne’s  views  that  the  importation  of  foreign  forms 
of  life  has  wrought  untold  mischief  to  our  fauna  and  flora,  and  that  it  is  highly  desirable 
that  no  course  of  action  shall  be  sanctioned  which  would  still  further  imperil  their 
existence. 

Unfortunately,  however,  this  is  a  matter  in  the  decision  of  which  economic  needs 
will  be  the  all-important  factor.  It  is  to  be  feared  that  with  the  spread  of  settlement, 
with  systematic  efforts  of  afforestation,  and  with  the  establishment  of  various  industries 
conditions  will  sooner  or  later  arise  which  will  make  the  acclimatization  of  further 
vigorous  exotics  absolutely  imperative.  When  that  time  arrives  several  species  of 
European  titmice  unquestionably  deserve  special  consideration. 
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BALANCING  OF  LOCOMOTIVES. 


By  S.  H.  Jenkinson,  Railway  Department. 


The  balancing  of  multi- cylinder  engines  is  a  branch  of  exact  science  that 
has  been  exhaustively  treated,  and  is  now  on  a  firm  and  logical  basis  ;  but 
the  balancing  of  the  ordinary  locomotive  is  a  problem  that  admits  of  no 
exact  solution.  It  is  a  matter  of  compromise  between  three  conflicting 
demands,  and  mathematics  has  to  be  blended  with  experience.  For 
these  reasons  the  problem  has  suffered  somewhat  in  the  application  of 
the  now  so  fashionable  graphic  methods  to  its  solution.  The  work  of 
Dalby,* * * §  Sharp, f  and  AhronsJ  in  England,  and  of  Henderson§  in  America, 
has  not  been  founded  on  the  broad  views  that  are  necessary  if  formulae 
of  universal  application  are  to  be  derived  ;  and  the  writer  has  had  to 
considerably  extend  and  broaden  their  treatment  of  the  subject  before 
difficulties  could  be  surmounted  in  certain  special  cases.  The  only  dis¬ 
turbances  considered  in  this  paper  are  those  that  can  be  minimized  by 
balance-weights  rotating  with  the  wheel.  This  restricts  us  to  the  inertia 
forces  of  parts  rotating  or  reciprocating  in  unison  with  the  crank,  since 
the  forces  arising  from  all  other  causes,  such  as  varying  steam-load,  torque, 
and  drawbar-pull,  are  not  in  phase  with  the  revolutions  of  the  engine. 
These  inertia  forces  are  negligible  at  low  speeds,  but  at  high  speeds  they 
seriously  and  sometimes  dangerously  impair  the  smooth  running  of  the 
locomotive. 

Unbalanced  revolving  masses  (and  such  are  the  balance-weights,  side- 
rods,  crank-pins,  crank-webs,  or  crank-bosses)  exert  centrifugal  force  along 
the  instantaneous  radii  of  their  centres  of  gravity.  This  force  is  given  by 


Centrifugal  force  in  pounds  = 


MU 


3-207 


MV2r 


gr  /  d2 

where  M  =  equivalent  revolving  mass  at  crank-radius  in  pounds,  V  =  speed 
in  miles  per  hour,  r  =  crank-radius  in  inches,  d  =  diameter  of  driving- 
wheel  in  inches. 

The  equivalent  mass  is  found  by  the  formula 

r 

where  =  actual  revolving  mass  in  pounds,  r1  =  radius  of  centre  of 
gravity  of  Mj  in  inches. 

Unbalanced  reciprocating  masses  exert  horizontal  forces  given  to  the 
first  approximation  by 

Horizontal  force  of  reciprocating  mass  in  pounds 

MV2r  ,  1 

=  3-207  — |  cos  6  +  m  co  2  0\ 


where  0  =  instantaneous  crank-angle, 

,  •  i  -.  crank-radius 

m  =  ratio  less  than  1  —  - ^ - ry-  • 

connectmg-rod  length 

The  exact  treatment  of  the  connecting-rod  is  not  simple,  but  a  useful 
approximation  consists  in  considering  -J  of  the  mass  supported  by  the 


*  W.  E.  Dalby,  The  Balancing  of  Engines,  1901. 

t  Archibald  Sharp,  Balancing  of  Engines,  1907. 

j  E.  L.  Ahrons,  The  Internal  Disturbances  in  and  Balancing  of  Locomotives, 
Trans.  Inst.  Loco.  Engrs.,  29th  paper,  1914. 

§  G.  R.  Henderson,  Locomotive  Operation,  2nd  ed.,  1907. 
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big  end  as  revolving  and  the  remainder  of  the  mass  (little  end  -f-  J  of  big 
end)  as  reciprocating. 

These  forces  cause,  or  tend  to  cause,  certain  periodic  disturbances 
which  resolve  into  (1)  a  fore-and-aft  reciprocation  of  the  engine  parallel 
to  the  direction  of  motion,  called  surging ;  (2)  a  transverse  horizontal 

swaying  about  a  vertical  axis  through  the  centre  of  gravity,  called 
nosing ;  (3)  a  cyclical  variation  of  the  wheel-pressure  on  the  rail,  called 
hammerblow. 

When,  but  not  until,  this  hammerblow  exceeds  the  static  weight  on 
the  rail  the  whole  engine  may  be  vibrated  or  swayed  in  a  vertical  direction, 
but  under  normal  conditions  this  dangerous  point  is  not  reached  with 
good  balancing. 


Fig.  1.  . 

The  quantitative  treatment  of  the  disturbances  is  as  follows  : — 

(1.)  The  surging  -  force  is  the  instantaneous  sum  of  the  horizontal 
components  of  the  inertia  forces  ofj-the  revolving  and  recipro¬ 
cating  parts,  including  the  balance-weights. 

(2.)  The  nosing-couple  is  the  instantaneous  sum  of  the  moments  of 
these  horizontal  components  about  the  longitudinal  central 
vertical  plane  of  the  engine. 

(3.)  The  hammerblow  is  computed  for  each  wheel  by  dividing  the  sum 
of  the  moments  of  the  vertical  components  of  the  inertia  forces 
about  the  vertical  plane  through  the  contact  of  the  other  wheel 
with  the  rail,  by  the  transverse  distance  between  the  two  contact 
planes. 
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Proceeding  to  deal  with  the  ordinary  two-cylinder  locomotive,  we  will 
assume  that  the  right-hand  crank  leads  and  that  the  balance- weight  is  cast 
in  the  wheel  so  that  in  the  left-hand  wheel  it  lies  at  an  angle  180°  +  8  ahead 
of  the  crank,  and  in  the  right-hand  wheel  at  an  angle  180°  —  8  ahead  of 
the  crank  (see  fig.  1). 

The  following  notation  is  used  (see  fig.  1)  : — * 

M  =  sum  of  the  revolving  masses  (at  crank-radius)  on  one  side,  in 
pounds ; 

Mu  =  sum  of  the  moments  of  these  revolving  masses  on  one  side 
about  the  longitudinal  central  vertical  plane,  in  inch- 
pounds  ; 

R  =  sum  of  the  reciprocating  masses  on  one  side,  in  pounds  ; 

2c  =  transverse  distance  between  cylinder  centre-lines,  in  inches  ; 

B  =  equivalent  mass  at  crank-radius  of  the  balance-weight,  in 
pounds ; 

2b  —  transverse  distance  between  centres  of  gravity  of  balance- 
weights  in  opposite  wheels,  in  inches  ; 

2 g  =  transverse  distance  between  planes  of  opposite  wheel-contact 
with  rail,  in  inches. 

Resolving  horizontally  for  any  instantaneous  crank-angle  (0)  of  the 
left-hand  crank,  we  have — 

Surging-force  in  pounds  (forward) 

V  2r 

=  3"207  ££  [(M  +  R)  {cos  0  +  cos  (90°  +  0)}  -f  B  cos  (180°  -f-  8  -}-  0) 
+  B  cos  (270°  -  8  +  6)  +  mR  {cos  2  <9  +  cos  2  (90°  +  0)}  ] 

V2  r 

=  3*207  -^2  (cos  0  —  sin  Q)  {M  +  R  —  B  (cos  8  +  sin  8)} 

Y2r 

=  4*535  -pr  cos  (0  +  45°)  {M  +  R  —  B  (cos  8  +  sin  8)}  . (1). 

Taking  moments  of  the  horizontal  components  about  the  longitudinal 
central  vertical  plane,  we  have — 

Nosing-couple  (clockwise)  in  inch-pounds 
Y2r 

=  3’207  [(Mu  -j-  Rc)  {cos  6  —  cos  (90°  -j-  0)}  +  B6  cos  (180°  -f-  8  +  6) 
—  B6  cos  (270°  —  8  -f-  6)  -J-  mRc  {cos  2  0  —  cos  2  (90°  -j-  0)}  ] 


Y2r  Y2r 

=  4-535  -jy  sin  (0  -f-  45°)  {Mu  +  Rc  —  B5  (cos  8  —  sin  8)}  -f-  6-414  -^r  cos  2  0 

(mRc) . .  (2). 

Taking  moments  of  the  vertical  components  about  the  plane  of  the 
right-hand  wheel  contact — 

Hammerblow  downwards  in  pounds 
Y2r 


=  3-207 


2 gd2 


[(Mu  -f  M</)  sin  0  —  (Mu  —  M#)  cos  0  -j-  B  ( b  —  g)  cos  (0  —  8) 
—  B  (b  +  g)  sin  ((9  +  8)] 


=  1*6035 


Y2r 

d2 


.  (Mu  —  B b  (cos  8  —  sin  8)  ) 

sin  0  j - +  M  —  B  (cos  8  +  sm  8)  [ 


9 


i  Mu  —  B6  (cos  8  —  in  8)  _  .  ^  .  ..  ) 

—  co  0  .  — — -t— — r.  - . . . .  M  +  B  (cos  8  +  sm  8) 

9  J 


(3). 


Considering  equation  (1)  for  the  surging-force,  it  will  be  seen  that  the 
term  in  cos  2 9  disappears,  this  being  the  algebraical  expression  of  the 
fact  that  the  secondary  forces  balance  each  other  for  a  two-cylinder  engine 


The  N.Z.  Journal  of  Science  and  Technology. 


22 


[Jan, 


with  cranks  at  right  angles.  The  surging-force  is  equal  to  that  caused  by 
a  mass  left  unbalanced  at  each  crank,  given  by — 

U  =  M  -|-  R  —  B  (cos  8  -fr  sin  8) 

or  B  (cos  8  -f-  sin  8)  =  M  +  &R  . . .  (4) 

where  U  =  mass  left  unbalanced  at  each  crank,  in  pounds ;  k  =  fraction 
of  the  reciprocating  mass  balanced. 

We  will  assume  throughout  that  the  maximum  allowable  speed  of  the 
locomotive  is  such  that  V  —  d.  This  agrees  very  closely  with  general 
practice,  and  seems  a  very  fair  assumption.  In  which  case — 

Maximum  value  of  surging-force  =  4-535  fU. 

If  the  engine  is  not  to  be  bodily  vibrated  the  surging-force  must  not 
W 

exceed  -  ’  where  W  =  weight  of  engine  in  pounds,  and  6  =  the  usual  or 

average  factor  of  adhesion. 

Thus  we  arrive  at — 


U  must  not  exceed 


W 

27f 


It  was  probably  reasoning  along  these  lines  that  led  G.  R.  Henderson 
to  suggest* * * §  in  a  paper  to  the  Engineers*  Association  of  Virginia  in  1896 
W 

that  might  be  left  unbalanced  per  side.  Later  the  Master  Mechanics' 
360 


Institute  resolved*}"  that 


W 

400 


might  be  so  left. 


Obviously,  however,  any 


such  rule  should  include  the  factor  r,  if  engines  of  different  strokes 
are  to  be  dealt  with.  In  England  the  rather  absurd  empirical  rule  is 
generally  adopted  that  k  in  equation  (4)  should  be  f,  which  means  that 
U  does  not  exceed  J  of  the  reciprocating  weight.  In  any  case,  the  writer 
is  convinced  that  U  should  be  kept  as  small  as  possible  consistent  with 
the  hammerblow  being  kept  within  allowable  limits.  There  is  no  doubt 
that  there  is  a  marked  saving  in  fuel  and  repairs  gained  by  so  doing,  and 
from  D.  K.  Clark  and  the  “  Canute  ”J  onwards  all  locomotive  history  tends 
to  prove  this.  The  surging  is  most  objectionable  from  the  point  of  view 
of  the  driver,  who  likes  a  smooth-riding  engine  ;  and  for  some  not  easily 
explainable  reason  its  deleterious  effect  on  locomotive  economy  is  very 
pronounced.  There  is  certainly  a  tendency  among  locomotive  -  designers 
to  be  too  easily  satisfied  upon  this  point,  so  long  as  the  mystic  value 
of  f  for  k  is  not  reduced. 

The  statement  of  Sharp*  that  the  surging-force  “  is  less  objectionable 
than  the  vertical  or  horizontal  couples  ;  it  merely  produces  a  cyclic  varia¬ 
tion  of  pull  on  the  drawbar,”  is  misleading,  since  the  “  cyclic  variation  ” 
at  high  speeds  is  generally  about  four  times  the  total  pull ! 

The  nosing-couple  causes  transverse  swaying  of  the  engine  to  and  fro 
across  the  track,  and  both  Sharp§  and  Dalby||  speak  respectfully  of  the 
“  derailing-danger  ”  caused  thereby ;  but  modern  experience  discounts 
their  statements.  Four-cylinder  engines  running  without  balance-weights 
are  now  ordinary  practice  in  England  and  on  the  Continent,  and  such 
engines  are  renowned  for  their  steadiness  ;  yet  the  nosing-couple  is  very 
much  larger  than  in  the  ordinary  two-cylinder  engine  with  balance-weights. 
The  New  Zealand  balanced  compounds  have  the  large  low-pressure  cylinders 


*  G.  R.  Henderson,  Locomotive  Operation,  2nd  ed.,  p.  43,  1907. 

t  Trans.  Master  Mechanics ’  Inst,  of  America,  1896,  p.  160  ;  1897,  p.  120. 

j  Zerah  Colburn,  Locomotive  Engineering,  p.  253,  1871. 

§  Archibald  Sharp,  Balancing  of  Engines,  p.  178. 

||  W.  E.  Dalby,  The  Balancing  of  Engines,  p.  85. 
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outside,  and  the  nosing-couple  is  correspondingly  increased  ;  yet  they 
are  wonderfully  smooth  -  running.  Further,  on  the  Canadian  Pacific, 
Vaughan  built  some  outside-cylinder  engines  with  the  nosing-couple  of  the 
reciprocating  weights  entirely  unbalanced,*  and  these  engines  gave  great 
satisfaction  ;  while  the  same  practice  was  followed  with  marked  success 
in  the  Ab  engines  recently  built  in  New  Zealand. 

The  nosing-couple  of  the  revolving  parts  can,  of  course,  be  balanced 
without  increasing  the  hammerblow,  but  not  so  with  reciprocating  parts  ; 
and  the  writer  claims  that  nosing-couple  should  be  ignored  when  designing 
modern  fast  engines  with  leading  bogies.  The  resisting-couple  of  the 
adhesion  of  all  the  wheels  is  in  such  cases  much  greater  than  the  nosing- 
couple.  Locomotives  without  bogies  or  carrying-axles  (0-6-0  and  0-8-0 
type)  should  probably  be  balanced  by  the  Rankine  (or  Dalby)  method,  but 
such  engines  usually  run  at  slow  speeds. 

The  nosing-couple  consists  of  primary  and  secondary  couples  of  different 
phase,  the  secondary  couple  not  being  affected  by  ordinary  balancing.  The 
minimum  value  of  the  nosing-couple  is  therefore  secured  when  the  primary 
couple  vanishes,  and  from  equation  (2)  we  see  that  this  occurs  when 

D  ,  2,  •  ^G  “1“  (K\ 

B  (cos  6  —  sin  8)  = - g . . .  (5). 


Combining  this  with  equation  (4)  we  get  the  values  of  B  and  8  for  this 
condition  of  minimum  nosing.  Unfortunately  the  hammerblow  is  then 
very  large,  and  it  is  only  in  very  special  cases  that  this  method  of  balancing 
should  be  resorted  to.  Articulated  engines  of  the  Mallet,  Garrett,  Fairlie, 
or  Meyer  type,  where  the  cylinders  are  carried  on  easily  swayed  swivelling 
bogies,  give  a  great  deal  of  trouble  with  ordinary  balancing,  and  equation  (5) 
should  certainly  be  worked  to  for  these  engines  wherever  possible. 

Equation  (3)  for  the  hammerblow  is  of  the  type — 

p  sin  0  —  q  sin  6  —  X  where  p  —  q  =  constant. 

Its  maximum  value  for  a  revolution  is  therefore  of  the  form  Vp2  -f-  q2,  and 
its  minimum  range  of  values  occurs  when  p  =  — q.  In  the  special  case 
where 

B  (cos  8  -j-  sin  8)  =  M 
and  B b  (cos  8  —  sin  8)  =  Mu 

the  value  of  the  hammerblow  is  zero  ;  but  this  is  the  case  where  none  of 
the  reciprocating  weight  is  balanced.  In  other  cases  the  hammerblow 
has  its  minimum  range  when 

.  Mg 
B  (cos  8  —  sin  (>)  =  y 

this  representing  the  case  where  the  nosing-couple  of  the 
weight  is  unbalanced  ;  and  the  hammerblow  is  then  given  by 

V2r 

Hammerblow  in  pounds  =  2 ‘268  -jj-  sin  {Q  —  45°)  Ml. 

In  general,  the  greatest  value  of  the  hammerblow  during  a  revolution 
is  given  by 

Hammerblow  in  pounds  =  2-268  ^  V  |Ma~B6  <c°s  8-jinS)|  »  +  ^  , 

and  it  will  be  noticed  that  this  does  not  occur  when  the  balance-weight 
is  at  its  lowest  point,  but  when  the  crank  is  at  the  angle 

Mg  —  B6  (cos  8  —  sin  8)  +  glcR 


reciprocating 


Tan  ~  1  cf>  = 


Mg  —  Bo  (cos  8  —  sin  8)  —  gk R 


*  American  Engineer,  November,  1910,  p.  435. 
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It  will  be  remembered  that  when  this  fact  was  experimentally  de¬ 
monstrated  by  Dr.  Goss,  at  Purdue,  by  means  of  wire  strips,*  the  majority 
of  the  critics  asserted  that  a  severe  blow  had  thereby  been  dealt  to  the 
“  mathematical  theory  ”  of  balancing  ! 

Hammerblow  is  the  ruling  factor  in  balancing,  yet  no  definite  rules 
are  commonly  formulated  to  determine  its  allowable  maximum.  In  Ger¬ 
many  and  Sweden!  it  is  restricted  to  15  per  cent,  of  the  wheel-load  at 
maximum  speed,  but  in  other  countries  the  permanent-way  engineers, 
whose  function  it  is  to  state  axle-load  restrictions,  continue  to  ignore  it. 
It  often  amounts  at  high  speeds  to  50  per  cent,  of  the  static  wheel-load,  and 
this  cyclical  variation  of  rail- pressure,  between  the  limits  of  50  per  cent, 
and  150  per  cent,  of  the  static  load,  must  surely  merit  consideration.  The 
variation  in  axle-load  as  distinct  from  wheel-load  is  independent  of  8,  and 
depends  only  on  /rE  . 

Its  value  is  given  by — 

V2r 

Variation  of  axle-load  in  pounds  =  4*535  sin  (0  —  44)°)  JcR. 

The  limit  of  hammerblow  from  a  locomotive  point  of  view  might  be 
said  to  be  the  static  load  on  the  wheel,  but  at  high  speeds  the  imperfections 
of  the  track  cause  continual  movement  of  the  engine  on  the  springs,  and 
from  this  cause  alone  the  spring-load  on  any  wheel  may  probably  vary 
down  to  50  per  cent,  of  the  static  load.  A  maximum  hammerblow  when 
V  =  d  of  30  per  cent,  of  the  static  wheel-load  would  thus  be  well  within 
the  safety  limits,  and,  if  possible,  this  restriction  should  not  be  exceeded, 
as  otherwise  the  wheel  may  possibly  be  lifted  from  the  rail.  In  all  cases 
the  balance-weight  for  the  reciprocating  parts  should  be  divided  among 
the  coupled  wheels  either  equally,  as  is  most  usual,  or,  better  still,  in  such 
a  way  that  the  coupled-wheel  loads  are  equalized  at  the  highest  speeds. 
No  ill  effects  can  possibly  be  produced  by  this  procedure,  as  the  total 
horizontal  components  for  the  engine  are  unaltered,  while  the  hammerblow 
is  divided  among- the  wheels  and  its  effect  correspondingly  reduced. 

To  sum  up,  the  following  rules  are  formulated  : — 

(1.)  In  every  case,  balance  all  the  revolving  and  as  much  of  the  recipro¬ 
cating  weight  as  possible,  consistent  with  hammerblow  limits. 

(2.)  Divide  the  balance-weights  for  reciprocating  masses  among  the 
coupled  wheels. 

(3.)  U,  the  reciprocating  mass  left  unbalanced,  must  not  exceed 

W  d2  W 

27rV2  9r’  lf  V  ~  d>  27 r 

(4.)  For  ordinary  locomotives  the  minimum  hammerblow  position  of 
balance-weights  should  be  adopted ;  for  locomotives  without 
bogies  or  carrying-axles  the  Rankine  position  should  be  used  ; 
for  locomotives  with  cylinders  carried  on  a  light  swivelling  bogie 
use  the  minimum  nosing-couple  position. 

(5. ^Restrict  the  hammerblow,  if  rule  (3)  can  still  be  satisfied,  to  30  per 
cent,  of  the  static  wheel-load  ;  but  in  any  case  the  hammerblow 
should  not  exceed  50  per  cent,  of  the  wheel-load. 

In  conclusion,  Table  1  is  presented,  showing  the  form  to  which  the 
equations  reduce  for  the  standard  positions  of  the  balance- weight ;  also 
Table  2,  showing  the  data,  and  Table  3,  the  results,  of  balancing  for  different 
arrangement  of  cylinders  applied  to  engines  of  the  same  weight  and  tractive 
power.  This  clearly  shows  the  superiority  of  three-  and  four-cylinder 


*  W.  F.  M.  Goss,  Locomotive  Performance,  p.  329,  1909. 
f  E.  L.  Ahrons,  loc.  cit.,  p.  38. 
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locomotives  from  the  balance  point  of  view.  It  is  interesting  to  note  that 
the  English  method  is  better  than  the  American  for  inside  cylinders,  but 
not  so  good  for  outside.  Each  country,  therefore,  adopted  the  compromise 
which,  among  those  known  at  the  time,  was  the  best  suited  to  its  conditions, 
surely  more  by  good  luck  than  good  management ! 

The  high  nosing-couple  that  occurs  in  four-cylinder  engines,  which 
are  famed  for  their  steady  running,  compared  with  that  generated  on  two- 
cylinder  engines  of  similar  power  with  §  of  reciprocating  weight  balanced 
(even  when  the  cylinders  are  outside),  is  noticeable,  and  has  its  bearing 
on  the  writer’s  contention  that  nosing-couple  is  negligible  on  express  engines. 
The  resisting-power  of  the  adhesion  alone  to  nosing  on  an  engine  of  the 
size  assumed  (4-4-0  type)  would  be  in  the  neighbourhood  of  300,000  foot¬ 
pounds,  and  even  if  the  resistance  of  the  weight  of  the  engine  resting  on 
the  journals  is  taken  a  good  margin  of  safety  would  doubtless  result. 


Polar  curve  of  nosing-couple - -  and  hammerblow - for  different  angles  (5) 

of  balance-weights. 


The  equations  developed  in  this  paper  are,  of  course,  only  applicable 
to  two-cylinder  locomotives,  but  they  may  be  applied  to  four-cylinder 
engines  with  cranks  at  90°  by  giving  the  negative  sign  to  the  values  of  the 
forces  and  couples  deriving  from  the  inside  cylinders.  Equations  for  three- 
cylinder  and  four-cylinder  engines  with  cranks  at  other  angles  than  90° 
can  be  formulated  by  the  same  methods  of  attack,  but  are  not  in  general 
of  such  a  simple  form. 

The  portion  of  the  work  which  is  original  with  the  writer  consists  in 
deriving  general  formulae  based  on  the  angle  of  the  balance-weights  for  the 
value  of  the  forces  or  couples  causing  the  three  main  disturbances,  and 
thence  recognizing  that  the  English  and  American  methods  of  balancing 
are  only  particular  cases  of  the  infinite  number  of  solutions  that  satisfy 
the  fundamental  requirement  of  keeping  the  surging-force  down  to  any 
predetermined  amount.  The  minimum  nosing  and  minimum  hammerblow 
solutions  are  two  important  cases  not  likely  to  be  arrived  at  by  any  other 
methods  than  those  here  adopted. 


Table  1. — Equations  of  Balancing  for  various  Defined  Positions  of  Balance-weights. 

(For  two-cylinder  locomotives  proportion  of  reciprocating  weight  balanced  =  &R  in  each  case.) 
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Table  2. — Data  of  Balancing  for  Typical  Engines  of  Similar  Power. 

Four-coupled  engines.  Adhesive  weight  =  30  tons.  Tractive  force  =  7,500^.  Two  cylinders,  17"  X  26". 

Three  cylinders,  14"  X  26".  Four  cylinders,  14"  X  21". 
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*1  able  3.  Results  of  Balancing  for  Ttpical  Engines  of  Similar  Power  specified  in  Table  2. 

Two-cylinder  engines,  §  reciprocating  weight  balanced  in  drivers.  Three-  and  four-cylinder  engines,  no  balance  for 

reciprocating  parts.  Maximum  speed,  V  =  d. 
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A  REVIEW  OF  RECENT  RESEARCHES  ON  THE 
MESOZOIC  FLORAS  OF  AUSTRALASIA. 

By  W.  N.  Benson,  B.A.,  D.Sc.,  F.G.S.,  Professor  of  Geology,  University 

of  Otago. 

A.  C.  Seward,  On  a  Collection  of  Jurassic  Plants  from  Victoria,  Rec. 
Geol.  Surv.  Viet.,  vol.  1,  pt.  iii,  p.  155. 

P.  Kidston  and  D.  T.  G Wynne -Vaughan,  On  the  Fossil  Osmundaceae, 
Part  1,  Trans.  Roy.  Soc.  Edin.,  vol.  45,  pt.  3,  1907  ;  id.,  Part  5, 
Trans.  Roy.  Soc.  Edin.,  vol.  50,  pt.  2,  1916. 

E.  W.  Sinnott,  Some  Jurassic  Osmundaceae  from  New  Zealand,  Ann . 
Bot.,  vol.  28,  p.  47,  1914. 

E.  A.  N.  Arber,  The  Earlier  Mesozoic  Floras  of  New  Zealand,  N.Z. 
Geol.  Surv.  Pal.  Bull.  No.  6,  1917. 

A.  B.  Walkom,  The  Geology  of  the  Lower  Mesozoic  Bocks  of  Queens¬ 
land,  with  Special  Reference  to  their  Distribution  and  Fossil  Flora 
and  their  Correlation  with  the  Lower  Mesozoic  Bocks  of  other  Parts 
of  Australia,  Proc.  Linn.  Soc.  N.S.W.,  vol.  43,  pp.  37-115,  1918. 

H.  Woods,  The  Cretaceous  Faunas  of  the  North-eastern  Part  of  the 
South  Island  of  New  Zealand,  N.Z.  Geol.  Surv.  Pal.  Bull.  No.  4,  1917. 

C.  T.  Trechmann,  The  Age  of  the  Maitai  Series  of  New  Zealand,  Geol. 
Mag.,  dec.  6,  vol.  4,  pp.  53-64,  1917. 

C.  T.  Trechmann,  The  Trias  of  New  Zealand  (Abstract  of  paper  read 
before  the  Geological  Society  of  London,  7th  February,  1917). 

A.  B.  Walkom,  Mesozoic  Floras  of  Queensland,  Part  2 :  The  Flora  of 
the  Maryborough  (Marine)  Series,  Queensland  Geol.  Surv.  Publica¬ 
tion  No.  262,  1918. 

The  study  of  the  ancient  floras  is  one  of  the  most  difficult  of  the 
sciences  that  are  associated  with  geology,  and  is  one  in  which  a  fair 
degree  of  precision,  both  as  regards  the  systematic  classification  of  forms 
and  their  significance  as  indices  of  geological  age,  has  been  obtained, 
mainly  through  the  work  of  the  last  thirty  years.  Hence  it  follows  that 
the  work  of  those  scientific  pioneers  who  laid  the  foundation  of  our  know¬ 
ledge  of  the  fossil  floras  in  this  part  of  the  world  cannot  satisfactorily  be 
employed  in  making  a  detailed  comparison  between  our  rock  forma¬ 
tions  and  those  more  recently  investigated  in  other  regions.  A  revision 
according  to  modern  methods  is  necessary.  In  1904  Professor  Seward 
studied  in  detail  the  Mesozoic  flora  of  Victoria,  in  1918  appeared  the 
late  Dr.  Arber’s  revision  of  the  Mesozoic  flora  of  New  Zealand,  while 
Dr.  Walkom’s  study  of  the  Mesozoic  floras  of  Queensland  has  been  followed 
by  a  critical  revision  of  all  the  Australian  literature  and  a  general  summary 
of  its  bearing  on  the  geological  history  of  that  land.  It  may,  then,  be  of 
interest  to  compare  Dr.  Arber’s  conclusions  with  those  of  Dr.  Walkom 
in  connection  with  the  evidence  of  the  marine  faunas. 

Both  these  authorities  are  of  the  opinion  that  in  Mesozoic  times  there 
was  a  land  connection  between  Australia  and  New  Zealand.  The  Austra¬ 
lian  region,  says  Dr.  Walkom,  was  a  continental  area  of  low  land  covered 
by  wide-spreading  fresh-water  lakes,  and  this  extended  across  to  New 
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Zealand,  which  lay  on  the  coastal  shelf,  and  was  sometimes  covered  by 
sea-water  and  at  other  times  raised  slightly  above  the  sea.  In  Permo- 
Carboniferous  times  (or,  as  seems  more  correct,  Permian  times)  there  was 
no  land  in  the  New  Zealand  area,  though  the  fossils  described  from  the 
Wairoa  (Nelson)  district  by  Mr.  Trechmann  indicate  the  presence  of  the 
coastal  marine  fauna  which  existed  in  that  period  in  Australia.  But  there 
is  no  sign  of  the  Permian  flora  in  this  country,  so  that  we  may  suppose  at 
this  earlier  period  the  sea  extended  farther  to  the  west  than  in  later  times, 
and  that  New  Zealand  was  then  on  the  completely  submerged  marginal 
belt  of  the  Australasian  Continent.  The  probable  north-easterly  margin 
of  this  continental  mass  is  drawn  in  accord  with  the  line  laid  down  by 
Dr.  Marshall  as  the  true  boundary  of  the  south-western  Pacific,  but  the 
broad  gulf  which  in  Hedley’s  and  Neumayr’s  charts  stretched  up  from  the 
south  between  Australia  and  New  Zealand  has  been  greatly  reduced  by 
Dr.  Walkom,  though  its  presence  is  indicated  by  the  small  mass  of  marine 
limestone  that  is  interstatified  with  the  Rhaetic  plant-beds  near  Sydney. 
With  this  exception  the  lower  Mesozoic  beds  of  eastern  Australia  are 
entirely  of  fresh- water  origin,  but  on  the  west  coast  of  Western  Australia 
the  Jurassic  plant-beds  are  associated  with  a  series  of  marine  rocks,  the 
fossils  of  which  may  be  compared  with  those  of  similar  age  on  the  Indian 
and  East  African  coasts,  affording  one  of  the  earliest  indications  by  fossil 
evidence  of  the  presence  of  the  Indian  Ocean.  It  is  therefore  in  the  New 
Zealand  area  .only  that  there  is  any  possibility  of  correlating  in  detail  the 
age  of  formations  both  by  the  plant-remains  and  the  evidence  of  inter- 
stratified  marine  beds,  and  we  shall  look  forward  with  the  greater  interest 
to  the  detailed  investigation  of  the  marine  fossils  of  the  Mesozoic  formations 
of  this  land. 

The  deposition  of  the  Permian  plant-beds,  the  Newcastle  coal-measures 
of  Australia,  was  followed  by  some  crust-movement,  and  the  oldest  Mesozoic 
beds,  which  rest  on  these  with  some  local  unconformity,  contain  very  few 
of  the  Permian  forms,  but  are  completely  Mesozoic  in  aspect.  These  are 
the  Narrabeen  and  Hawkesbury  series  of  the  Sydney  district,  which  are 
probably  of  Lower  Triassic  age.  Upon  them  rest,  with  slight  uncon¬ 
formity,  the  Upper  Triassic  or  Rhaetic  Wiannamatta  shales,  with  which  are 
to  be  correlated  the  Ipswich  coal-measures  of  Queensland.  About  the 
same  age  are  the  Mount  Potts  beds  of  the  Canterbury  district,  the  oldest 
well-investigated  plant-beds  in  New  Zealand,*  while  probably  slightly  newer 
Rhaetic  or  lowest  Jurassic  beds  are  found  at  the  Clent  Hills,  in  the  Hokonui 
Hills  at  Makarewa  and  Hedgehope,  and  at  Owaka  Creek  near  the  Catlin’s 
River.  Common  to  all  these  are  the  forms  Thinnfeldia  odontopteroides, 
T.  lancifolia,  and  Cladophlebis  australis ,  “  that  Mesozoic  weed.”  Baiera  is 
represented  by  several  species  in  the  Australian  occurrences  and  by  one  at 
Mount  Potts,  while  Taeniopteris  Daintreei,  which  occurs  only  at  the  sup¬ 
posedly  higher  beds  in  New  Zealand,  is  in  Australia  confined  to  the  beds 
classed  as  Jurassic.  The  long-standing  question  concerning  the  occurrence 
of  Glossopteris  in  New  Zealand  is  answered  in  the  negative  by  Dr.  Arber, 
who  declares  that  the  dubious  form,  termed  by  him  Linguifolium  Lillieanum, 
is  in  no  way  related  to  Glossopteris ,  but  is  the  same  as  the  form  occurring 
in  the  Jurassic  Walloon  beds  of  Queensland  under  the  name  Phyllopteris 
Feistmantelli,  and  is  perhaps  represented  by  a  Thinnfeldia  in  the  Victorian 


*  The  plant-beds  at  the  base  of  the  Kaihiku  series  are  older,  but  no  satisfactory 
material  from  them  was  available  at  the  time  of  Dr.  Arber1  s  examination. — Ed. 
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beds  of  the  same  age.*  It  occurs  also  in  the  Jurassic  beds  of  Malvern 
Hills.  Professor  Seward  has  expressed  some  doubt  as  to  the  correctness 
of  this  conclusion  ;  but,  though  Glossopteris  has  recently  been  reported 
from  the  Rhaetic  (Molteno)  beds  of  South  Africa,  its  complete  absence 
from  the  rich  Mesozoic  floras  of  Australia  appears  to  strengthen  Dr.  Arber’s 
position. 

The  Ipswich  beds  are  followed  by  the  unfossiliferous  Bundamba  beds, 
above  which  comes  the  very  fossiliferous  Walloon  series,  with  which  the 
bulk  of  the  Mesozoic  plant-bearing  strata  in  Australia  may  be  correlated. 
They  form  the  Clarence  coal-measures  in  north-eastern  New  South  Wales, 
and  the  chief  storage-beds  for  the  Great  Artesian  Basin,  the  coal-measures 
of  Victoria,  and  those  found  in  the  northern  part  of  South  Australia.  The 
plant-beds  that  are  interstratified  with  the  marine  Jurassic  rocks  of  Western 
Australia  may  also  be  of  the  same  age — i.e.,  Lower  Jurassic.  In  the 
Lower  Jurassic  also  Dr.  Arber  groups  the  plant-beds  of  the  Malvern  Hills 
(Canterbury),  and  the  Mokoia  Farm,  near  Gore,  considering  that  those  of 
Waikawa  are  of  Middle  Jurassic  age,  while  those  at  the  Mataura  Falls  may 
be  of  an  age  intermediate  between  these.  Here  again  there  are  but  few 
forms  common  to  Australia  and  New  Zealand.  Taeniopteris  Daintreei 
spatula  and  species  of  Claclophlebis  and  Coniopteris  occur  in  both  ;  also 
Pteropkyllum,  Ptilophyllum,  and  Podozamites.  The  Ginkgoales  are  repre¬ 
sented  in  Australia,  but  not  in  this  country,  and  there  are  more  cycads  also 
in  the  former. 

Of  special  interest  among  Australasian  Mesozoic  plants  are  the  beauti¬ 
fully  preserved  petrified  stems  of  osmundaceous  ferns,  which  are  probably 
plants  of  the  same  character  as  those  the  leaf-impressions  of  which  are 
termed  Cladophlebis .  Two  species  of  Osmundites  were  described  by  Dr. 
Kidston  and  the  late  Dr.  Gwynne- Vaughan  as  from  Gore  and  Toitoi,  but 
it  is  possible  that  they  originally  came  from  Waikawa,  whence  Dr.  Sinnott 
obtained  and  described  further  material,  together  with  some  from  Kawhia. 
Drs.  Kidston  and  Gwynne- Vaughan  have  pointed  out  the  resemblance 
shown  to  these  New  Zealand  forms  by  a  specimen  found  by  the  writer  near 
Toowoomba,  in  south-eastern  Queensland,  which  was  probably  derived  from 
the  Jurassic  Walloon  rocks,  and  is  therefore  approximately  coeval  with  the 
New  Zealand  specimens.  Further  examples  obtained  from  the  Walloon 
series  are  now  being  investigated  by  Mr.  Sahni,  of  Cambridge. 

In  addition  to  these  petrifactions,  there  are  some  araucarian  stems, 
found  probably  at  Waikawa,  which  have  not  yet  been  described,  and  a 
preliminary  description  has  been  given  by  Dr.  Shirley  of  a  number  of 
stems  of  a  somewhat  similar  character  occurring  at  Ipswch,  in  Queensland. 
Further  work  will  be  necessary  before  these  can  be  compared. 

In  the  number  of  species  in  general  the  Australian  Mesozoic  flora  is 
nearly  four  times  as  rich  as  that  of  New  Zealand,  which  might  be  accounted 
for  by  the  coastal  character  of  the  New  Zealand  deposits  as  compared  with 
the  more  purely  continental  conditions  attending  the  formation  of  the 
Australian  deposits.  Probably,  however,  the  number  of  New  Zealand  species 
will  be  augmented  by  further  collecting,  though  the  same  may  perhaps  be 
said  also  of  the  Australian  collection. 

Considerable  interest  attaches  to  the  recognition  of  the  Lower  Cre¬ 
taceous  age  of  the  plant-beds  at  the  Waikato  Heads,  which  lie  conformably 


*  Dr.  Walkom,  however,  does  not  concur  in  this  indentifieation  of  L.  Lillieanum 
with  P.  Feist mantelli,  believing  the  latter  to  be  a  true  Phyllopteris. 


32  The  N.Z.  Journal  of  Science  and  Technology.  [Jan. 

above  the  marine  Mesozoic  rocks,  and  have  shared  in  the  movements  which 
occurred  in  the  early  part  of  the  Cretaceous  period.  This  confirms  the 
belief  that  the  folded  marine  beds  at  the  top  of  the  Mesozoic  sequence  at  • 
Kawhia  may  also  belong  to  the  lowest  Cretaceous  period.  By  this  means 
the  date  of  the  folding  of  the  Mesozoic  rocks  is  determinable  with  very  close 
precision,  for  Mr.  Woods  has  recently  shown  that  the  earliest  of  the  marine 
beds  which  were  formed  subsequently  to  the  period  of  folding  may  be 
placed  in  the  upper  part  of  the  Lower  Cretaceous  period.  These  beds 
Mr.  Woods  correlates  with  the  upper  part  of  the  Bolling  Downs  formation 
of  Australia,  and  recent  research  has  shown  that  there  occurs  north  of  Bris¬ 
bane  a  series  of  plant-beds,  formerly  believed  to  be  Jurassic,  which  overlie 
some  part  at  least  of  the  so-called  Lower  Cretaceous  Bolling  Downs  marine 
formation.  These  plant-beds  are  known  as  the  Burrum  series  by  Queens¬ 
land  geologists,  and  the  underlying  marine  beds  formerly  termed  the  Bolling 
Downs  formation  are  now  termed  the  Maryborough  series.  Dr.  Walkom’s 
description  of  the  plant-remains  in  these  marine  rocks  has  just  been  pub¬ 
lished.  Pagiophyllum  and  Taeniopteris  are  the  predominant  forms,  and 
are  associated  with  Araucarites  Ginkgo,  ?  Taxites ,  Equisetites,  Sphenopteris , 
and  two  cycads.  In  a  letter  recently  received  by  the  present  writer, 
Dr.  Walkom  says,  “  I  have  determined  about  thirty-six  species  in  the 
(overlying)  Burrum  (beds).  An  interesting  result  of  the  examination  of 
this  flora  is  that  it  is  a  typical  Wealden  or  Neocomian-Barremian  flora, 
and  is  therefore  lowest  Cretaceous.  The  Bolling  Downs  [formation]  is  below 
this,  and  the  question  arises  whether  the  Bolling  Downs  may  not  be 
upper  Jurassic.  This  can  only  be  proved  by  a  complete  examination 
of  the  fauna  of  the  marine  beds.”  (This  last  is  fairly  extensive.  “The 
predominant  forms  are  pelecypods  and  cephalopods,  which  are  asso¬ 
ciated  with  crinoids,  asteroids,  echinoids,  brachiopods,  gasteropods,  and 
crustaceans.”)  Besides  these  two  presumably  Lower  Cretaceous  floras, 
both  free  from  angiosperms,  a  third  has  recently  been  recognized  on 
the  Styx  Biver,  in  Queensland,  and  this  Dr.  Walkom  is  inclined  to 
consider  slightly  newer  than  the  Burrum  flora.  Very  interesting  results 
may  be  expected  from  his  investigations  of  this  flora,  which  are  shortly 
to  be  published.  The  time  relationship  between  these  three  Australian 
Lower  Cretaceous  floras  and  that  of  Waikato  Heads  is  thus  a  fairly  close 
one,  and  the  exact  correlation  will  be  a  most  interesting  problem.  Bor 
the  present  we  should  note  Dr.  Walkom’s  remark,  “  Our  interpretation 
of  the  Mesozoic  strata  in  Queensland  is  gradually  undergoing  considerable 
modification,  and  it  is  not  safe  to  base  any  general  conclusions  on  the 
present  horizons  to  which  they  have  been  referred.”  In  the  Lower  Cre¬ 
taceous  beds  of  the  Waikato  Heads  two  angiosperms  have  been  recorded 
and  described  by  Dr.  Laurent,  of  Marseilles.  The  most  distinctive  of  these 
he  has  termed  Artocarpidium  Arberi,  a  form  which  is  perhaps  most  closely 
related  to  the  figs  among  living  plants.  This  is  associated  with  Taeniopteris 
arctica  (a  Cretaceous  form),  Cladophlebis  australis,  and  Microphyllus  pectinata, 
which  are  also  known  in  the  Jurassic  beds  of  New  Zealand,  and  must  be 
classed  as  among  the  earliest  known  occurrences  of  angiospermous  leaves. 

We  are  thus  afforded  an  instance  of  a  very  general  phenomenon — viz., 
the  commencement  of  the  floral  revolution  before  the  late  Mesozoic  orogenic 
event  ;  and  we  may  also  see  how  closely  associated  in  time  may  have 
been  the  folding  of  the  Mesozoic  rocks  in  New  Zealand,  and  the  flooding 
of  the  sea  across  Australia,  with  the  deposition  of  the  still-unfolded 
Cretaceous  marine  rocks  which  cover  a  large  portion  of  that  continental 
block,  of  which  New  Zealand  forms  the  geosynclinal  marginal  region. 
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PERMO-CARBONIFEROUS  (MAITAI)  ROCKS  OF  THE 
EASTERN  PART  OF  THE  SOUTH  ISLAND  OF 
NEW  ZEALAND. 

By  P.  G.  Morgan,  M.A.,  F.G.S. 

Hector  and  McKay  referred  a  large  portion  of  the  older  rocks  on  the 
eastern  side  of  the  main  watershed  of  the  South  Island  to  the  Maitai 
Series,  which  they  considered  to  be  of  Carboniferous  age,  but  which,  as 
shown  by  Trechmann  and  others,  may  be  correlated  with  the  Permo- 
Carboniferous  rocks  of  New  South  Wales.*  This  was  done  partly  on 
account  of  the  sporadic  occurrence  of  a  supposed  species  of  Inoceramus 
identical  with  a  similar  organism  in  the  Wairoa  and  Dun  Mountain 
limestones  and  argillites,  partly  on  account  of  the  widespread  occurrence 
of  one  or  more  species  of  annelid  in  rocks  lithologically  similar  to 
some  of  the  Maitai  rocks,  and  partly  because  there  was  no  special 
reason  for  giving  the  rocks  in  question  any  other  classification.  Thus 
McKay  in  discussing  the  geology  of  the  Kaikoura  and  Looker-on 
Mountains  says  that  he  has  included  in  the  Maitai  Series  some  of  the 
Kaikoura  rocks  which  he  suspects  do  not  belong  to  the  series,  for 
the  reason  that  his  predecessors  had  done  so,  and  that  he  was  not 
warranted  in  changing  their  classification  until  fully  satisfied  that  the 
rocks  were  younger. 

Park  and  Marshall,  however,  starting  with  the  fact  that  large  areas 
of  rock  with  undoubted  Trias-Jura  fossils  occur,  whereas  the  supposed 
Maitai  rocks  were  known  to  contain  only  an  Inoceramus -like  shell  and 
some  annelids,  have  placed  all  the  so-called  Maitai  rocks  on  the  eastern 
side  of  the  main  divide  of  the  South  Island  in  the  Mesozoic  For  some 
time  an  undefined  area  in  north-east  Otago  near  Mount  St.  Mary  formed  an 
exception  to  this  statement  so  far  as  Park  was  concerned,  and  was  classed 
by  him  as  Permo-Carboniferous.  As  regards  the  Maitai  rocks,  however, 
both  in  Nelson  and  elsewhere,  he  wrote,  “  It  seems  impossible  for  any 
student  of  geology  to  seriously  maintain  a  Carboniferous  age  for  a  formation 
characterized  by  such  a  truly  Mesozoic  genus  as  Inoceramus A  few 
years  later  the  authors  of  the  Dun  Mountain  bulletin  argued  similarly,  but 
threw  a  shadow  of  doubt  on  the  identification  of  Inoceramus  in  the 
Dun  Mountain  rocks.  They  say,  “  The  occurrence  of  Inoceramus  fragments 
in  such  numbers,  if  correctly  identified,  goes  far  to  justify  the  correlation 
of  these  strata  with  the  Middle  Mesozoic  era.”J 


*  According  to  A.  B.  Walkom  (in  “  The  Geology  of  the  Lower  Mesozoic  Rocks  of 
Queensland,”  Proc .  Linn.  Soc.  N.S.W.,  vol.  43,  pt.  1,  p.  96,  1918),  T.  W.  David  and 
W.  S.  Dun  suggest  that  perhaps  the  term  “  Permo-Carboniferous  ”  in  Australia  should 
be  replaced  by  the  term  “  Permian.” 

t  James  Park,  On  the  Jurassic  Age  of  the  Maitai  Series,  Trans.  N.Z.  Inst.,  vol.  36, 
p.  443,  1904. 

t  J.  M.  Bell,  E.  de  C.  Clarke,  and  P.  Marshall,  The  Geology  of  the  Dun  Moun¬ 
tain  Subdivision,  Nelson,  N.Z.  Geol.  Surv.  Bull.  No.  12,  p.  18,  1 91  i . 
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The  supposed  occurrence  of  Inoceramus  was  indeed  a  stumbling-block 
to  a  belief  in  the  Carboniferous  or  Permo-Carboniferous  age  of  the  Maitai 
Series,  but  this  has  happily  been  removed  by  Trechmann,*  who  has 
shown  that  it  is  to  be  referred  to  Aphanaia,  a  characteristic  genus  of 
the  Australian  Permo-Carboniferous.  It  is  now  reasonable  to  believe  that 
Permo-Carboniferous  (or  Permian)  rocks  occur  in  various  localities  where 
McKay  has  found  the  .Dun  Mountain  “  Inoceramus or  Aphanaia ,  as  it 
may  now  be  called.  Brief  references  to  these  and  other  localities  will  almost 
complete  this  paper. 

1.  At  Taylor’s  Pass,  south  of  Blenheim,  there  are  fossiliferous  lime¬ 
stones  containing  “  fragments  of  Inoceramus  shells,”  which  McKay  doubt¬ 
fully  referred  to  the  Maitai  Series.']* 

2.  The  greywackes  and  argillites  between  the  Cass  and  Bealey  contain 
nests  or  lenticular  patches  of  dark-grey  compact  limestone.  From  a 
block  of  this  limestone  McKay  obtained  a  single  fossil  shell  which  was 
imperfect,  but  showed  a  fibrous  structure,  and  was  referred  by  him  with 
some  confidence  to  the  “  Dun  Mountain  Inoceramus .”J  The  locality  is 
defined  more  exactly  as  a  spur  of  the  Black  Range  which  separates  the 
Cass  River  from  the  Upper  Waimakariri.§ 

It  is  obvious  that  the  marbles  of  the  Malvern  Hills,  seen  near  Frank’s 
Knob  and  the  Four  Points  Range,  deserve  careful  examination  in  order 
to  ascertain  whether  or  not  they  contain  Aphanaia  or  other  Permo- 
Carboniferous  fossils. 

3.  McKay  states  that  near  Station  Peak,  not  far  from  the  junction 
of  the  Hakataramea  and  the  Waitaki  Rivers,  calcareous  slates  occur 
which  in  many  places  contain  broken  Inoceramus  shells.  One  specimen 
of  the  fossil  seen  by  him  showed  as  a  cast  on  a  face  of  slate  in 
situ,  and  exhibited  concentric  plications  and  a  wide  and  straight 
hinge-line.  ”|| 

4.  On  the  Otago  side  of  the  Waitaki  River,  a  mile  west  of  the  junction 
of  the  Kurow  River,  a  tract  of  hilly  country  four  miles  long  by  three  in 
breadth  begins.  The  rocks  are  “  mostly  sandstones  and  dark  slates,  the 
latter  in  places  having  abundance  of  Inoceramus  shell-fragments. ”|| 

5.  In  1903  Professor  James  Park  discovered  fossiliferous  rocks  at 
Mount  St.  Mary,  which  is  a  little  to  the  south-west  of  the  last-mentioned 
locality  The  fossils  collected  by  Park  were  submitted  to  Hutton,  who  came 
to  the  conclusion  that  they  included  various  forms  characteristic  of  the 
Permo-Carboniferous  of  New  South  Wales.  This  opinion  * §was  confirmed 
by  W.  S.  Dun.^J  Later  a  collection  was  sent  to  Professor  G.  Boehm,  of 
Freiburg,  but  no  report  appears  ever  to  have  been  published.  In  1910, 
without  giving  any  new  reason,  Park  referred  the  Mount  St.  Mary  beds  to 
the  Permo-Triassic.**  C.  T.  Trechmann,  however,  in  a  recent  letter  to 


*  C.  T.  Trechmann,  The  Age  of  the  Maitai  Series  of  New  Zealand,  Geol.  Mag., 
dec.  vi,  vol.  4,  No.  2,  pp.  53-64,  Feb.  1917. 

f  Alex.  McKay,  On  the  Geology  of  Marlborough  and  the  Amuri  District  of  Nelson, 
Rep.  of  Geol.  Explor.  during  1888-89 ,  No.  20,  pp.  116,  139-40,  1890. 

J  Alex.  McKay,  On  the  Older  Sedimentary  Rocks  of  Ashley  and  Amuri  Counties, 
Rep.  of  Geol.  Explor.  during  1879-80,  No.  13,  p.  88,  1881. 

§  McKay,  loc.  cit.,  p.  87. 

I!  Alex.  McKay,  Geology  of  the  Waitaki  Valley  and  Parts  of  Vincent  and  Lake 
Counties,  Rep.  of  Geol.  Explor.  during  1881,  No.  13,  p.  78,  1882. 

^  James  Park,  loc.  cit.,  p.  450,  1904. 

**  James  Park,  Geology  of  New  Zealand,  p.  68,  1910. 
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the  writer,  states  that  the  Mount  St.  Mary  fauna  is  obviously  the  same 
as  the  Kaihiku  (Ladinic-Carnic),  and  contains  Daonella  indicct. 

Note  on  Supposed  Mesozoic  Limestones. 

In  various  parts  of  New  Zealand  limestones  or  marbles  which  are 
generally  referred  to  a  Middle  or  Early  Mesozoic  period  have  been  dis¬ 
covered.  There  is  a  strong  probability  that  some  of  these  are  of  Maitai  age. 
Among  these  are  the  marbles  of  the  Malvern  Hills  (already  mentioned), 
Kakahu  Gorge,  the  Horse  Range,  Eketahuna,  and  the  Whangaroa  district. 
Hard  blue  limestone  of  the  Horse  Range  or  Dunback  type  is  known  to 
occur  in  Block  X,  Ngapara  Survey  District,  inland  from  Oamaru.* 


A  MAORI  FISH-TRAP  SHOWING  UNUSUALLY  FINE 

WORKMANSHIP. 

By  Elsdon  Best,  Dominion  Museum,  Wellington. 

An  interesting  relic  of  the  pre-European  type  of  Maori  industry  has  lately 
been  received  at  the  Dominion  Museum.  It  consists  of  a  fish-trap  of  such 
remarkably  fine  workmanship  that  we  have  scarcely  any  similar  fabric  with 
which  it  can  be  compared.  The  rush  traps,  made  of  a  species  of  Cladium 
by  the  natives  of  Roto-a-Ira  and  elsewhere,  cannot  be  compared  with  it. 
The  newly  acquired  specimen  of  native  handicraft,  though  much  broken  on 
one  side,  is  yet  an  excellent  illustration  of  the  great  pains  taken  by  the 
neolithic  artisans  of  Maoriland  in  the  manufacture  of  implements  of  com¬ 
mon  use.  For  this  trap  we  are  indebted  to  the  staff  of  the  Waihi-Paeroa 
Gold-extraction  Company,  it  having  been  rescued  from  the  bed  of  the 
Ohinemuri  River  at  Paeroa  in  the  dredging  operations  being  carried  on 
at  that  place  by  the  above  company.  There  is,  of  course,  no  means  of 
ascertaining  the  age  of  this  object,  but  such  material  is  very  durable,  and 
might  well  be  preserved  for  a  long  period  under  water.  Local  natives 
state  that  no  such  fine  work  has  been  done  in  that  district  for  many  years 
past. 

The  implement  is  a  self-acting  basket  trap  of  the  hinaki,  or  eel-pot,  form, 
so  well  known  to  those  acquainted  with  the  Maori.  The  size  and  shape  of 
the  trap,  with  its  funnel-shaped  entrance,  as  also  the  material  of  which  it 
is  made,  and  the  mode  of  manufacture,  are  simply  those  of  the  ordinary 
hinaki  of  northern  districts  ;  its  special  interest  consists  of  the  fineness 
of  material  and  neatness  of  the  workmanship.  The  construction  of  this 
implement  must  have  been  a  long  and  tedious  task  ;  the  preparation  of 
the  material  alone  would  certainly  occupy  many  days. 

The  length  of  the  trap  is  3  ft.  ;  its  diameter  at  the  large  end  16  in. 
Its  shape  is  that  of  the  ordinary  form  of  hinaki  tuna,  or  eel-pot,  the 
diameter  of  the  larger  end  being  carried  for  about  half  the  length,  after 
which  a  gradual  tapering-off  reduces  it  to  a  conical  rear  end.  At  the  big- 
end  is  the  usual  funnel-shaped  entrance  passage,  to  the  small  inner  end  of 
which  a  piece  of  netting  would  be  attached  when  the  trap  was  in  use,  its 
object  being  to  prevent  the  escape  of  entrapped  fish. 


*  James  Park,  N.Z.  Geol.  Surv.  Bull.  No.  20,  footnote,  p.  12,  1918. 
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The  framework  of  the  trap  consists  of  eight  hoops,  each  of  which  has 
been  made  by  twisting  together  about  eight  pieces  of  the  slender  stems  of 
the  mangemange  (Lyg odium  articulatum) ,  a  climbing  fern  found  in  northern 


Sample  of  workmanship,  Maori  fish -trap,  dredged  from  Ohinemuri  River. 


districts  but  not  in  the  southern  parts  of  the  Island.  No  other  material 
has  been  employed  in  the  construction  of  the  trap  ;  the  hoops,  longitudinal 
strips,  cross-ties,  and  akura,  or  entrance-funnel,  are  all  of  mangemange.  The 
slender  stems  of  which  the  hoops  are  formed  are  from  ^  in.  to  in.  in 
diameter,  but  few  are  thicker.  These  are  whole  in  the  case  of  the  hoops, 
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but  the  whole  of  the  longitudinal  pieces  and  cross-ties  consist  of  such  slim 
stems  split  right  down  the  middle.  So  to  split  these  slender  stems,  in  such 
lengths,  correctly  in  half,  must  have  been  a  task  demanding  much  care  and 
time.  In  cases  where  a  piece  was  not  long  enough  a  neat  splice  was  made. 
The  illustration  shows  the  neat  workmanship. 

The  funnel-like  entrance  is  not  a  separate  fabric,  but  the  ends  of  all 
longitudinal  strips  have  been  turned  over  the  end  frame  hoop  and  bent 
downwards  to  form  the  ahum.  All  these  very  narrow  longitudinal  split 
stems  are  parallel,  and  only  about  ^  in.  apart,  while  the  cross-ties,  or  rows 
of  containing  lacing  that  hold  them  in  position,  are  only  J  in.  apart,  the 
result  being  a  fabric  of  the  finest  and  closest  mesh  ever  seen  by  the  writer 
in  such  traps. 

The  longitudinal  strips,  though  parallel  and  very  neatly  spaced,  are  not 
laid  parallel  with  the  axis  of  the  traps,  but  are  arranged  in  a  spiral  or 
diagonal  manner,  so  that  each  strip  embraces  about  half  the  circumference 
of  the  cylindrical  trap  in  its  length  of  3  ft.  This  feature  is  sometimes 
noted  in  eel-pots.  The  neatly  laid  twist  of  the  cross-ties  is  formed  by 
twisting  together  two  of  the  diminutive  split  pieces,  each  twist  enclosing- 
one  of  the  longitudinal  strips.  The  toughness,  pliability,  durability,  and 
splitting  qualities  of  the  mangemange  are  truly  remarkable. 

The  hoop  (ivhiti)  at  the  mouth  of  the  entrance-funnel  is  kept  in  position 
by  a  running  cincture  consisting  of  two  of  the  slim  stems,  with  which  a 
turn  is  taken  round  the  hoop  and  the  contained  edge  of  the  trap  at  inter¬ 
vals  of  about  \\  in.  The  other  hoops  are  attached  to  the  fabric  by  very 
small  strips  of  the  same  material.  The  rear  end  is  not  provided  with  an 
aperture  for  taking  out  the  fish,  as  in  many  traps  of  this  form,  so  that 
such  opening  must  have  been  at  the  side,  at  the  part  now  broken  away. 

So  small  is  the  mesh  of  this  fabric  that  it  was  undoubtedly  used  for 
the  purpose  of  taking  a  very  small  species  of  fish,  and  it  was  probably 
employed  as  a  hinaki  manga,  a  trap  for  taking  the  inanga,  a  small  fresh¬ 
water  fish.  Eel-pots  were  made  of  stronger  material  and  of  very  much 
coarser  mesh.  The  writer  has  never  seen  a  large  hinaki  tuna  made  of  split 
mangemange. 

This  fish-trap  is  remarkable  for  the  neatness  and  precision  of  its  manu¬ 
facture,  its  small  mesh,  and  the  fineness  of  material  employed  in  construc¬ 
tion,  the  splitting  of  long,  slender  stems  little  over  in.  in  thickness  being 
a  remarkable  feat.  No  finer  example  of  native  workmanship  has  been 
observed,  and  we  may  view  it  as  a  whitebait-trap  manufactured  by  some 
old  artisan  who  took  a  laudable  pride  in  doing  precise,  neat,  and  durable 
work. 

This  trap,  owing  to  its  condition,  does  not  lend  itself  to  illustration,  but 
the  piece  photographed  shows  its  structure. 

Mr.  T.  F.  Cheeseman  remarks  concerning  the  mangemange,  “  The  stalk 
or  stipes  of  Lyg odium  articulatum  has  its  centre  occupied  by  a  greenish 
pith-like  substance,  which  is  liable  to  disappear  when  old,  thus  making  it 
hollow.” 

Karaka  Kamura,  a  Paeroa  native,  informs  me  that  this  type  of  fish- 
trap  is  called  pohea,  and  that  in  such  traps  the  aperture  through  which  the 
entrapped  fish  were  extracted  was  at  the  forward  end  of  the  trap.  In 
some  cases  the  aperture  was  made  in  the  main  part  of  the  trap,  in  the 
side  thereof,  and  near  the  big  end  ;  in  others  it  was  made  in  the  side  of 
the  funnel-shaped  entrance,  which  is  called  the  akura ,  tohe ,  kuao,  pu-arero, 
and  toine  in  various  district^ 
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ASTRONOMICAL  NOTES.  * 

The  Combined  Magnitude  of  Double  or  Multiple  Stars. 

If  we  know  the  magnitudes  of  the  components  of  a  double  or  multiple 
star  it  is  convenient  to  have  a  quick  wav  of  determining  the  magnitude  of  the 
whole  regarded  as  a  single  point  of  light.  The  work  may  be  reduced  to  a 
minimum  either  by  the  use  of  the  table  below  or  by  the  use  of  the  graph. 

If  we  take  the  brightness  of  a  star  of  any  particular  magnitude  as  unity, 
then  the  brightness  of  another  n  magnitudes  brighter  is  given  by  the 
formula  b  —  rn  where  log.  r  =  -4. 

The  values  of  b  corresponding  to  values  of  n  from  T  to  10  are  given  in 
the  table. 

To  find  the  combined  magnitude  of  any  number  of  stars  which  appear 
as  a  single  point  of  light  :  Read  off  from  the  table  the  brightness  of  each, 


MAGNITUDE The  tenth  magnitude  being  standard. 


add  all  these  numbers  together,  then  read  off  from  the  table  the  magnitude 
which  corresponds  to  the  aggregate  brightness.  If  the  magnitudes  do  not 
differ  too  widely  the  calculation  may  conveniently  be  made  graphically. 

Example  1. — Two  components  of  a  double  star  are  of  magnitudes  9-5 
and  8*7  respectively  :  what  is  the  combined  magnitude  ? 

Take  the  brightness  of  a  10th  magnitude  star  as  unity.  Then  for  the 
fainter  n  =  -5  and  for  the  brighter  n  —  1-3.  From  the  table — Mag.  9-5 
(' n  =  -5),  brightness  1-5849  ;  mag.  8-7  ( n  =  T3),  brightness  3-3113  ; 
combined  brightness,  4-8962  .  therefore  n  =  1*72,  and  combined  magni¬ 
tude  =  8-28. 

Or,  reading  from  the  graph,  the  brightness  of  star  mag.  9-5  is  repre¬ 
sented  by  MP,  that  of  the  star  mag.  8-7  by  NQ.  Adding  these  we  get  SR, 
which  corresponds  to  mag.  8-28. 
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Example  2. — A  globular  cluster  consisting  of  6,300  stars  appears  of 
mag.  4-5  :  if  the  stars  in  it  are  equally  bright,  what  is  the  magnitude  of 
each  ? 

From  the  table  we  see  the  cluster  is  9-5  magnitudes  brighter  than  a 
single  star  :  therefore  the  magnitude  of  the  stars  is  14. 
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b. 
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The  Origin  of  New  Stars. 

Before  any  theory  as  to  the  origin  of  new  stars  can  meet  with  acceptance 
it  must  give  a  reasonable  explanation  of  the  following  crucial  points  : — 

(1.)  The  stupendous  magnitude  of  the  outburst. 

(2.)  The  suddenness  with  which  the  colossal  transformation  of  energy  is 
effected. 

(3.)  The  rapid  and  fitful  decline  in  brightness,  which,  though  slow 
compared  with  the  rise,  is  really  even  more  astounding  in  its 
rapidity.  This  test  alone  proves  absolutely  fatal  to  nearly  every 
theory  that  has  been  proposed. 

(4.)  The  marvellous  complexity  of  the  spectrum,  the  characteristic  series 
of  variations  which  it  undergoes,  and  the  startling  changes  in 
constitution  which  these  spectral  changes  imply. 

Any  theory  which  survives  after  a  critical  application  of  these  four  tests 
deserves  serious  consideration.  The  true  theory  should  account  also  for — 

(5.)  The  frequency  of  the  outbursts. 

(6.)  The  distribution  of  new  stars  with  respect  to  the  galactic  system. 

(7.)  The  special  details  of  the  light-changes  in  each  particular  case. 

It  should  also  throw  light  on  a  number  of  other  subjects  connected  with 
cosmogony — as,  for  instance,  double  stars,  spectroscopic  binaries,  variable 
stars,  Wolf-Rayet  stars,  planetary  nebulae,  and  other  relics  to  be  found  in 
the  heavens  of  similar  outbursts  in  the  distant  past. 

It  is  proposed,  as  space  permits,  to  apply  the  above  tests  in  succession 
to  the  principal  theories  which  have  been  advanced  with  regard  to  new 
stars,  and  to  consider  specially  the  theory  which,  up  to  the  present,  appears 
best  able  to  stand  the  ordeal — viz.,  that  published  in  1878  by  Professor 
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Bickerton.  Stated  very  briefly,  this  theory  is  that  in  the  great  majority 
of  cases  a  new  star  is  due  to  a  grazing  collision  between  two  suns.  In  the 
case  of  a  slight  graze  the  two  wounded  suns  pass  on,  but  the  portions 
actually  coming  into  impact  form  an  intensely  heated  and  absolutely 
unstable  third  body.  It  is  this  third  body  which,  in  the  dramatic  early 
stages,  gives  practically  all  the  light ;  it  is  its  spectrum  which  is  seen 
and  recognized  as  the  spectrum  characteristic  of  a  nova,  and  it  is  the  dissi¬ 
pation  of  this  dynamically  unstable  third  body  into  space  that  causes  the 
otherwise  inexplicable  sudden  fall  in  brightness. 

Theories  which  attribute  the  sudden  decline  to  cooling  are  incredible. 
The  third  body  is  too  hot  to  hold  together.  If  two  dead  stars  met  directly, 
moving  in  the  same  straight  line,  there  would  be  no  third  body  and  no  two 
wounded  suns.  A  new  star  would  be  produced  in  an  hour,  would  increase 
in  brightness  with  astonishing  rapidity,  and  would  shine  as  a  permanent 
star  for  a  hundred  million  years.  But  this,  of  course,  could  only  happen 
if  the  two  stars  were  initially  at  rest,  or  else  moving  initially  in  the  same 
straight  line.  Collisions  may,  and  doubtless  do,  occur  between  all  the 
different  kinds  of  bodies  in  the  Universe,  and  if  a  collision  theory  of 
novae  is  adopted  the  question  to  be  considered  is  which,  if  any,  of  all 
the  possible  forms  of  collision  would  give  rise  to  exactly  those  phenomena 
which  are  observed  in  the  case  of  a  typical  new  star. 

A.  C.  G. 


On  the  Character  of  the  Spectral  Lines  due  to  a  Sphere 
or  Spherical  Shell  of  Transparent  Luminous  Gas  ex¬ 
panding  uniformly. 

Let  AB  be  the  diameter  of  the  sphere  which  points  directly  from  the 
observer.  Divide  AB  into  a  very  large  number  of  equal  parts,  AC,  CD, 
DE,  EF,  &c.  Draw  planes  perpendicular  to  OA  through  the  points  of 
division,  thus  dividing  the  surface  of  the  sphere  up  into  zones  of  equal 
area.  Taking  the  centre  of  the  sphere  as  vertex,  construct  the  cones 
OPAQ,  OXBY,  and  the  conical  shells 
PQSR,0,  &c.  The  cones  and  shells 
are  all  of  equal  altitude  —  viz.,  the 
radius  of  the  sphere — and  stand  on 
equal  bases,  therefore  they  are  all 
equal  in  volume. 

If  we  represent  the  radial  velocity 
of  the  expanding  gas  by  OA,  the  re¬ 
solved  part,  in  the  direction  of  the 
observer,  of  all  the  gas  within  the  shell 
PQSR.,0  is  represented  by  lines  vary¬ 
ing  in  length  from  OD  to  OC,  and 
that  within  the  shell  BSUT,0  by  lines 
varying  in  length  from  OE  to  OD. 

We  have  thus  divided  the  whole  quan¬ 
tity  of  gas  into  portions  which  are 
equal  in  mass  and  whose  velocities 
towards  or  from  the  observer  differ  by 
equal  amounts.  Now,  the  displacement  of  a  spectral  line  is  proportional  to 
the  relative  velocity  of  approach  or  recession  of  the  source  of  light  and  the 
observer ;  so  the  shell  or  sphere  of  luminous  gas  will  give  rise  to  a  spectrum 
in  which  each  band  will  be  equally  bright  all  over  and  sharply  defined  at 
each  side.  This  fact  is  useful  in  discussing  the  spectra  of  new  stars. 

A.  C.  G. 


A 
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DEPARTMENTAL  REPORTS. 

Magnetic  Observatory,  Christchurch.  —  Seismological 

Records. 

EARTHQUAKE  RECORDS  BY  MILNE  SEISMOGRAPH  No.  16  FOR  THE 

YEAR  1915. 

By  H.  F.  Skey,  B.Sc.,  Director  of  Observatory. 
(Communicated  by  the  Surveyor-General.) 

Register  from  Magnetic  Observatory,  Christchurch,  New  Zealand. 
(Longitude,  11  h.  30  min.  29  sec.  E.  ;  latitude,  43°  31-8'  S.) 

Notes  relating  to  preliminary  tremors  or  first  phase,  Pi  ;  second  phase,  P2  ;  third  phase 
or  large  waves,  P3  ;  duration,  D ;  amplitude,  A.  Time  is  Greenwich  civil 
mean  time.  0  h.  or  24  h.  =  midnight.  The  boom  period  is  generally  maintained  at 
16  seconds. 


No. 

Date. 

Commence¬ 

ment. 

Maximum. 

Maximum 

Amplitude. 

Duration. 

Remarks. 

1915. 

H.  M. 

H.  M. 

Mm. 

H.  M. 

1 

Jan.  3 

0  03-9 

Pf 

0  06-8 

0  11  1 

5-0 

P3- 

• 

1  35 

D. 

2 

Jan.  5 

14  09-0 

.  „ 

Pi- 

14  34-0 

.  o 

,  . 

P2. 

14  45  0 

14  49-9 

4-9 

P3- 

14  59-6 

•  9 

•  . 

Pp 

1  00 

D. 

3 

Jan.  5 

23  39  0 

O  O 

•  . 

Pi- 

23  49-2 

23  50  0 

2-9 

P2- 

24  08-0 

2-8 

P3  ;  commencement  uncertain. 

1  50 

D. 

4 

Jan.  10 

23  33  0 

.  « 

Pi- 

23  34-5 

.  • 

IV 

23  37-0 

23  41-3 

1-3 

P3. 

1  20 

D. 

5 

Feb.  25 

20  40-5 

•  „ 

Pi- 

20  43-0 

P2* 

20  47-5 

20  48-1 

4-9 

P3. 

20  51-2 

20  53-5 

2-0 

Pi- 

1  55 

D. 

6 

April  25 

5  56-1 

.  . 

Pi- 

5  57-0 

5  57-4 

1-2 

P3.  Local  shock. 

0  28 

D. 

7 

May  1 

5  13-5 

.  . 

.  • 

Pi- 

5  24-2 

.  • 

.  , 

P2. 

5  43-6 

5  57-0 

11-0 

Pa- 

6  + 

D. 

8 

May  3 

3  34-2 

e  . 

.  . 

Pi. 

4  28-6 

4  32-1 

12-0 

P3  (P2  indeterminate). 

3  10 

D. 

9 

May  5 

11  25-7 

.  • 

•  . 

Pi- 

11  36-2 

11  39*3 

7-2 

P3  (P2  indeterminate). 

11  42-9 

7-6 

Second  maximum,  interference. 

D  indeterminate. 
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No. 

Date. 

Commence¬ 

ment. 

Maximum. 

Maximum 

Amplitude.  ' 

Duration. 

Remarks. 

1915. 

H.  M. 

H.  M. 

Mm. 

H.  M. 

10 

June  6 

7  12-5 

,  . 

.  . 

Pi- 

7  20-0 

•  . 

.  . 

Po. 

7  25-1 

7  29-5 

1-0 

p3. 

D  uncertain. 

11 

June  11 

3  37-8 

»  • 

Pi. 

3  41-5 

Po. 

3  44-0 

3  45-0 

0-3 

p3. 

3  49-0 

0-4 

Second  maximum. 

0  50 

D. 

12 

July  28 

9  06-8 

.  . 

.  . 

Pi. 

9  08-5 

.  • 

P2 

9  09-5 

9  13-0 

2-0 

P3. 

9  16-6 

2-5 

Second  maximum. 

1  50 

D. 

13 

July  31 

1  47-5 

.  . 

Pp 

1  56-0 

.  . 

.  . 

P2. 

2  19-2 

2  32-4 

5-0 

P3. 

3  00 

D  approximate. 

14 

Aug.  1 

.  • 

2  57-0 

<0-2 

Quite  local  shock;  felt  Sumner. 

15 

Aug.  3 

13  13-4 

.  . 

.  . 

Pi- 

13  20-6 

.  . 

P2- 

13  32  0 

13  39-7 

6-6 

P3. 

3  10 

D. 

16 

Sept.  7 

1  35-5 

.  . 

.  . 

Pi- 

1  39-8 

.  . 

Po. 

1  460 

1  47-0 

30 

S.  (Guatemala  earthquake.) 

1  49-4 

1  50-5 

30 

Y. 

2  09-0 

2  19-0 

15-0 

P3. 

5  33 

D  (B.P.  16-3  seconds). 

17 

Sept.  13 

18  14-6 

.  . 

•  . 

Pi  ? 

18  16-0 

18  18-0 

1-4 

P3. 

0  30 

D. 

18 

Oct.  3 

7  56-0 

8  05-0 

4-0 

P3. 

D  uncertain. 

19 

Oct.  20 

22  26-6 

22  27-3 

22-0 

Near  felt  shock. 

0  50 

D  uncertain. 

20 

Oct.  20 

23  20-6 

23  21-7 

<0-2 

Local  shock  ;  minute. 

0  04 

D. 

21 

Oct.  31 

8  31-2 

.  . 

Pi- 

8  35-0 

8  38-3 

3-0 

P3. 

• 

1  00 

D  approximate. 

22 

Nov.  1 

7  37-2 

.  . 

.  . 

Pi. 

7  47-0 

•  o 

Po. 

7  58-6 

8  20-6 

.  # 

p3. 

1  00 

D  approximate. 

23 

Nov.  1 

17  57-0 

P].  Near  shock.  Record  like 

No.  19. 

• 

. 

17  57-4 

17  58-7 

.  . 

P3. 

0  10 

D  uncertain. 

Note. — The  record  of  the  Guatemala  shock  (Sept.  7)  is  of  especial  interest.  The 
distance  of  origin  is  approximately  105°,  and  the  S  and  Y  phenomena  are  well  marked 
(British  Association  adopted  notation).  The  difference  of  times  of  the  S  and  Y 
phenomena  exceeds  three  minutes  contrary  to  expectation.  PR^  (B.A.  notation  ) 
is  at  1  39-8,  agreeing  well  with  Malta  and  Iskutate  records.  S  agrees  well  with  B.A. 
calculated  time  of  arrival ;  Y,  however,  appears  later  than  theoretical  time  of  arrival. 
A  Milne-Shaw  instrument  would  probably  be  better  for  the  identification  of  these 
more  delicate  phenomena. 
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Chrome-iron  Ore,  Mica,  and  Tungsten-ore  in  New 

Zealand.* 

By  P.  G.  Morgan  and  J.  Henderson,  New  Zealand  Geological  Survey. 

CHROME-IRON  ORE.  (By  P.  G.  Morgan.) 

Chromite  or  chromium-bearing  rock  has  been  reported  from  a  number 
of  localities  in  New  Zealand.  The  most  important  of  these  are  in  the 
range  of  mountains  that  forms  the  eastern  boundary  of  Waimea  County, 

and  are  connected  with  what  is  known  as  the  44  Nelson  Mineral  Belt.’* 

In  the  first  place,  a  list  of  these  localities  will  be  given,  and  this 

will  be  followed  by  fuller  information  concerning  the  more  important 

occurrences. t 

1.  Awakino  River,  in  gravels.  Lab.,  No.  25,  1891,  p.  65. 

2.  D’Urville  Island.  Hector,  1882,  p.  1  ;  Lab.,  No.  14,  1879,  p.  30  ; 

No.  43,  1910,  p.  17. 

3.  French  Pass.  Lab.,  No.  45,  1912,  p.  23. 

4.  Croixelles.  Lab.,  No.  16,  1882,  p.  34  ;  No.  29,  1895,  pp.  17-18  ; 

No.  34,  1901,  p.  16  ;  No.  39,  1906,  p.  8  ;  No.  49,  1916,  p.  23  ; 
C.-9,  1901,  pp.  5-6. 

5.  Wangamoa.  Cox,  1882  report,  pp.  4-5  $  Lab.,  No.  18,  1883,  p.  49. 

6.  Dun  Mountain,  Wooded  Peak,  &c.  Hochstetter,  1864  (in  Geology 

of  New  Zealand ),  pp.  95-96  ;  New  Zealand,  1867,  pp.  474,  476  ; 
E.  H.  Davis,  1871  report,  pp.  106,  111  ;  Cox,  1882  report, 
pp.  8-9  ;  Trans.,  vol.  14,  1882,  pp.  421,  422,  423  ;  Lab.,  No.  16, 
1882,  p.  34  ;  No.  18,  1883,  p.  49  ;  No.  43,  1910,  p.  17  ;  Bull. 
No.  12,  1911,  pp.  60-63. 

7.  Roding  River.  Cox,  1882  report,  pp.  9-10;  Bull.  No.  12,  p.  62; 

Lab.,  No.  43,  1910,  p.  17. 

8.  Jackson  Saddle  (two  miles  and  a  half  south-west  of  Dun  Mountain). 

Bull.  No.  12,  p.  62  ;  Lab.,  No.  43,  1910,  p.  17. 

9.  Aniseed  Valley.  Lab.,  No.  15,  1880,  p.  40  ;  No.  16,  1882,  p.  34  ; 

No.  18,  1883,  p.  49  ;  Cox,  Trans.,  vol.  14,  1882,  p.  423.  The 

name  44  Aniseed  Valley  ”  includes  several  localities. 

10.  Miner  Stream.  Cox,  1882  report,  p.  6  ;  Bull.  No.  12,  p.  62. 

11.  Chromite  Creek  (tributary  of  Hacket  Stream).  Bull.  No.  12,  p.  62. 

12.  Serpentine  Valley.-  Bull.  No.  12,  p.  62. 

13.  Ben  Nevis.  Lab.,  No.  15,  1880,  p.  40  ;  No.  16,  1882,  p.  34.  The 

analyses  recorded  probably  refer  to  Little  Ben  Nevis. 


*  These  reports  were  written  for  the  12th  Annual  Report  of  the  New  Zealand 
Geological  Survey,  and  the  term  “  present  time  ”  used  in  several  places  refers  to  the 
middle  part  of  the  year  1918. 

f  The  abbreviated  reference  “  Lab.”  refers  to  the  annual  reports  of  the  Colonial 
Museum  and  Laboratory,  or,  in  later  years,  the  Colonial  Laboratory  and  Dominion 
Laboratory  annual  reports.  The  Reports  of  Geological  Explorations,  issued  under  the 
direction  of  Sir  James  Hector,  are  referred  to  by  number  and  date  of  publication,  and 
New  Zealand  Geological  Survey  Bulletins  (new  series)  in  the  same  way.  Transactions  of 
the  New  Zealand  Institute  is  abbreviated  to  “  Trans.”  Authors  are  generally  referred 
to  by  surname  and  date  of  publication  of  their  report,  paper,  or  book. 
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14.  Little  Ben  Nevis.  Lab.,  No.  15,  1880,  p.  40  ;  No.  16,  1882,  p.  34  ; 

Cox,  1882  report,  pp.  2,  3,  6,  7  ;  Trans.,  vol.  14,  pp.  422,  423  ; 

Bull.  No.  12,  p.  62. 

15.  Mount  Starveall.  Lab.,  No.  15,  1880,  p.  40  (v‘  Mount  Stawell  ”)  ; 

Cox,  Trans.,  vol.  14,  1882,  p.  423  ;  McKay,  C.-ll,  1896, 

pp.  30-31. 

16.  Pelorus  Valley.  Lab.,  No.  33,  1900,  p.  19  ;  Geological  Survey  manu¬ 

script  (in  gravels  of  Pelorus  River,  eastern  branches). 

17.  Takaka  district.  Lab.,  No.  33,  1900,  p.  19.  Upper  Takaka  Valley 

(Cobb  River,  &c.).  Lab.,  No.  40,  1907,  p.  23  ;  Geological  Survey 

manuscript  and  specimen. 

18.  Ultra-basic  rocks  of  north-west  Nelson.  Bull.  No.  3,  1907,  pp.  66, 

67,  &c.  Also  in  gravels,  Appo’s  Flat.  Bull.  No.  3,  p.  54. 

19.  Westport  district,  in  gravels.  Bull.  No.  17,  1915,  pp.  115,  116,  117, 

122,  192. 

20.  Mirfin  Creek  (tributary  of  Otututu),  Reefton  district.  Bull.  No.  18, 

1917,  p.  110,  analyses  Nos.  13  and  14. 

21.  Greymouth  district,  in  gravels.  Bull.  No.  13,  1911,  p.  91. 

22.  North  Westland.  Lab.,  No.  40,  1907,  p.  23.  See  also  next  entry 

on  list. 

23.  Ultra-basic  rocks  of  North  Westland.  Bull.  No.  1,  1906,  p.  67,  &c.  ; 

No.  6,  1908,  pp.  122,  125,  126. 

24.  Jackson’s  Bay  district.  Cox,  Trans.,  vol.  14,  1882,  p.  423. 

25.  Red  Hill  or  Mountain,  north-west  Otago  (about  nine  miles  east  of 

Big  Bay).  Park,  1888  report,  pp.  129,  136. 

26.  Martin’s  Bay.  Cox,  Trans.,  vol.  14,  1882,  p.  423  ;  Lab.,  No.  39, 

1906,  p.  12. 

27.  Milford  Sound.  Liversidge,  Trans.,  vol.  10,  1878,  p.  504 ;  Cox, 

Trans.,  vol.  14,  1882,  p.  423. 

28.  Lake  Harris  Range,  Otago.  McKay,  1881  report,  p.  143 ;  Cox, 

Trans.,  vol.  14,  1882,  p.  423  ;  Lab.,  No.  16,  1882,  p.  34. 

29.  Moke  Creek,  Queenstown.  Liversidge,  1878  ;  Cox,  Trans.,  vol.  14, 

1882,  p.  423. 

The  chrome-iron  ore  is  everywhere  associated  with  ultra-basic  igneous 
rocks — peridotites  of  various  types — which,  as  a  rule,  have  been  altered  or 
partly  altered  to  serpentine.  This  is  its  mode  of  occurrence  throughout 
the  world.  There  are  places  in  New  Zealand,  as  well  as  elsewhere,  where 
chromite  occurs  in  stream-gravels,  but  without  doubt  it  has  been  derived  in 
every  case  from  peridotitic  rocks  or  serpentine.  The  chromite  may  occur 
disseminated  through  the  ultra-basic  rock,  or  concentrated  in  pockets  or 
bunches  of  varying  size  and  purity.  Concentration  is  believed  to  have 
invariably  taken  place  while  the  containing  rock  was  in  a  molten  or  partly 
molten  condition  by  the  influence  of  gravity  and  other  factors,  the  process 
being  generally  designated  by  the  somewhat  vague  term  “  magmatic  segre¬ 
gation.”  There  being  no  definite  lodes,  and  the  pockets  inclining  to  be 
small  rather  than  large,  exploration  for  chromite  is  attended  by  a  good  deal 
of  chance,  and  when  pockets  are  found  and  mined  the  final  result  is  likely 
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to  be  disappointing.  Chrome-iron-ore  mining  in  New  Zealand  began  in 
1858,  when  3  tons,  valued  at  £25,  was  exported.  In  1862  there  seems  to 
have  been  a  boom,  for  3,483  tons,  valued  at  £24,719,  was  exported.  The 
production  fell  off  rapidly,  and  after  1866  no  chrome-iron  ore  was  exported 
for  many  years. 

During  the  years  1858  to  1866  chrome-iron  ore  was  mined  chiefly  on 
the  Dun  Mountain.  Other  mines  were  in  the  Aniseed  Valley  and  near 
Little  Ben  Nevis.  In  later  vears  a  few  hundred  tons  was  mined  near 
Croixelles  Harbour.  Tables  showing  the  export  of  chrome-iron  ore  year 
by  year  will  be  found  in  the  annual  report  of  the  Mines  Department  for 
the  year  1915  (published  in  1916),  and  in  its  predecessors  for  many  years 
back. 

Sir  James  Hector  considered  that  the  chrome  deposits  of  the  Nelson 
“  Mineral  Belt  ”  could  yield  a  large  amount  of  the  ore  (Rep.  Geol.  Explor. 
No.  14,  1882,  pp.  1,  2),  and  S.  H.  Cox  was  almost  equally  optimistic  on  this 
point  (Rep.  Geol.  Explor.  No.  14,  1882,  pp.  3-10),  but  both  he  and  Hector 
doubted  if  sufficiently  remunerative  prices  could  be  obtained  by  shipping 
the  ore  away.  Cox  therefore  suggested  that  works  for  the  manufacture  of 
bichromate  of  potash  should  be  established  in  as  central  a  position  as 
possible. 

Alexander  McKay  in  1896  reported  on  chromite  deposits  on  the  north¬ 
western  slopes  of  Mount  Starveall.  He  saw  three  small  pockets  of  good 
ore,  one  of  which  had  the  appearance  of  a  loose  mass.  The  other  two  were 
nearly  connected,  had  a  total  length  of  14  ft.,  and  a  maximum  breadth  of 
5  ft.  or  6  ft.  In  all  there  were  not  more  than  300  or  400  tons  of  ore.  In 
another  locality  more  to  the  west  McKay  saw  similar  nests  or  bunches  of 
chrome-iron  ore,  but  although  good  samples  could  be  obtained  the  ore  as 
a  whole  was  not  equal  to  that  of  the  eastern  locality.  There  was,  however, 
a  large  amount  of  olivine  rock,  containing  10  to  20  per  cent,  of  disseminated 
chromite.  This,  McKay  states,  could  not  be  concentrated  in  or  near  the 
locality  of  its  occurrence.  Largely  on  account  of  the  difficulty  and  expense 
of  transport,  McKay  condemned  the  proposal  to  work  the  Mount  Starveall 
deposits  (C-ll,  1896,  pp.  30-31). 

In  June,  1900,  McKay  examined  chrome-iron-ore  deposits  on  the  south 
side  of  Croixelles  Harbour,  which  were  being  worked  by  Messrs.  Tatton 
and  Jackson,  of  Nelson.  These  occurred  in  soft  serpentine  on  or  near  a 
saddle  about  a  mile  from  the  harbour  and  1,200  ft.  above  sea-level.  The 
ore  was  in  elliptic,  lentil-shaped  masses,  in  places  almost  touching  one 
another,  but  elsewhere  widely  separated.  At  the  principal  excavation, 
on  the  saddle  itself,  McKay  estimated  the  ore  mined  and  in  sight  at 
150  tons.  A  considerable  amount  of  ore  was  scattered  about  on  the  slope 
west  of  the  saddle,  apparently  set  free  by  the  weathering-away  of  the 
serpentine.  Much  of  this  had  been  gathered  into  heaps,  and  was  ready 
for  transport  to  Croixelles  Harbour.  This  and  the  other  ore  that  had  been 
mined  was  lowered  to  the  edge  of  the  harbour  by  means  of  a  wire  rope 
(aerial  tram),  which,  however,  gave  out,  and  the  mine  was  then  closed 
down.  Forty  tons  or  more  of  ore  is  still  on  the  shore-line,  close  to  high- 
water  mark,  and  could  easily  be  shipped  away  by  means  of  a  scow  brought 
in  at  high  tide.  The  drifts  at  the  mine  are  said  still  to  be  in  good  order, 
and  to  expose  a  considerable  amount  of  good  ore.  The  pack-track  from  the 
mine  to  the  beach  is  also  in  good  order.  The  distance  is  1  mile  15  chains. 
The  information  contained  in  the  last  few  sentences  has  been  obtained 
chiefly  from  Mr.  F.  G.  Gibbs,  of  Nelson,  who  has  kindly  answered  inquiries 
made  by  the  writer. 
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Bell,  Marshall,  and  Clarke,  in  N.Z.  Geol.  Surv.  Bull.  No.  12,  have  care¬ 
fully  mapped  the  principal  chromite  occurrences  in  Maungatapu  and  Waimea 
Survey  Districts  (Dun  Mountain,  Jackson  Saddle,  Miner  Stream,  Chromite 
Creek,  Serpentine  Valley,  &c.).  They  do  not  state  what  quantity  of  ore 
could  be  mined,  but  from  the  statement  that  the  deposits  are  of  small  size, 
and  from  the  somewhat  cursory  descriptions  given,  the  impression  is  gathered 
that  they  held  a  poor  opinion  concerning  the  economic  value  of  the  chrome 
deposits. 

Mr.  W.  F.  Worley,  of  Nelson,  states  that  there  are  two  or  three  deposits 
in  the  Aniseed  Valley  which  may  be  worth  developing.  There  are  also 
comparatively  large  low-grade  deposits,  which  could  be  crushed  and  con¬ 
centrated  provided  a  sufficiently  high  price  were  obtainable.  Mr.  Worley 
also  suggests  that  some  of  the  alluvial  deposits  could  be  treated  for  the 
recovery  of  chrome-iron-ore  sand  (letter  of  9th  May,  1918). 

According  to  Park  (1887  report,  pages  129,  136-37),  chromite  occurs 
in  considerable  quantity  on  the  Cascade  River  or  inland  side  of  Bed 
Mountain,  north-west  Otago.  The  locality  is  so  remote  that  at  the  present 
time  there  is  little  or  no  chance  of  its  mineral  resources  being  developed. 

Price  of  Chrome-iron  Ore. 

During  the  years  1858-61  the  chrome-ore  shipped  from  New  Zealand 
was  valued  on  the  average  at  nearly  £12  per  ton.  During  the  next  few 
years  the  average  value  was  about  £7  per  ton.  The  ore  shipped  in  1900 
and  1902  was  valued  at  £3  to  £4  per  ton.  According  to  Hector  (1882 
report,  p.  2),  chrome-ore,  before  the  discovery  of  aniline  d}ms  (by  Perkin  in 
1856),  was  worth  £10  10s.  per  ton.  He  expected  that  the  use  of  chromates 
in  tanning  (manufacture  of  chrome  leather)  would  cause  the  price  to  rise, 
but  apparently  this  did  not  happen  to  any  marked  extent.  During  the 
past  twenty-five  or  thirty  years  the  manufacture  of  chrome  steel  has 
absorbed  a  moderate  amount  of  chromium,  but  this  has  not  had  any 
noticeable  effect  in  increasing  the  price  of  the  ore,  which  in  1893  was  £5 
per  long  ton  landed  at  New  York,  and  probably  less  at  European  ports. 
In  1901  American  prices  were  between  £3  and  £4  per  ton,  and  in  1911 
between  £2  and  £3  per  ton.  War  conditions  have  caused  a  great  increase  in 
the  British  and  American  prices  during  the  past  two  or  three  years, 
but  the  increase  is  largely  apparent  and  due  to  the  increased  cost  of 
freight.  The  pre-war  London  price  for  ore  containing  50  per  cent,  of 
chromium  sesquioxide  (Cr203)  was  £2  17s.  6d.  to  £2  18s. '  6d.  per  ton. 
The  present  c.i.f.  prices  are  from  £11  to  £16  per  ton  (5s.  or  more  per  unit 
ofCr203).* 

For  the  production  of  tanning-materials  (bichromate  of  potash  or  soda), 
dyes,  paints,  and  pottery,  high-grade  chromite  containing  55  per  cent,  of 
chromium  sesquioxide  is  required.  In  the  manufacture  of  ferro-chrome 
50-per-cent,  ore  with  silica  under  4  per  cent,  is  required.  For  chrome 
bricks  and  steel-furnace  linings  the  chromium  sesquioxide  need  not  exceed 
40  per  cent.,  but  the  silica  content  ought  not  materially  to  exceed  2  per 
cent. 

Ore  reaching  the  requirements  specified  above  may  be  consigned  to 
Chalas  and  Sons,  Finsbury  Pavement  House,  London  E.C. 

Ore  containing  from  45  to  48  per  cent,  of  chromium  sesquioxide  in 
September,  1917,  was  worth  4s.  to  5s.  per  unit  of  Cr203.  Since  then  the 


*  Written  in  1918.  See  footnote  on  p.  43. 
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price  appears  to  have  advanced,  as  indicated  above,  to  over  5s.  per  unit 
for  all  ore  over  40  per  cent.,  provided  silica  is  low.  On  the  14th  May  last 
the  quotation  at  San  Francisco  was  approximately  5s.  3d.  to  6s.  4d.  per 
unit  for  chrome-iron  ore  with  over  38  per  cent,  of  chromium  sesqui- 
oxide.  This  corresponds  to  a  range  of  5s.  lOd.  to  7s.  per  long-ton  unit, 
or  £14  11s.  8d.  to  £17  10s.  per  ton  of  50-per-cent.  ore. 


MICA.  (By  P.  G.  Morgan.) 

Mica  of  various  kinds  is  a  common  rock-constituent  in  New  Zealand, 
as  in  other  parts  of  the  world.  Large  plates  of  mica  are  known  to  occur  in 
only  two  localities,  one  of  which  is  Dusky  Sound,  south-western  Otago, 
and  the  other  Charleston,  south  of  Westport.  Practically  nothing  is  known 
about  the  Dusky  Sound  occurrence  except  that  the  discovery  was  made 
many  years  ago  by  the  well-known  prospector  William  Docherty.  Several 
samples  of  fair-grade  mica  collected  by  Docherty  are  in  existence.  One  of 
these  is  in  the  Waihi  School  of  Mines  collection. 

The  occurrence  of  mica  at  Charleston  was  known  many  years  ago,  and 
the  analysis  of  a  sample  in  the  Otago  Museum  was  published  by  Professor 
Liversidge  in  1878.*  During  1911  and  1912  a  large  pegmatite  vein  near 
Charleston  was  worked  for  its  mica  content.  Estimates  of  the  amount  of 
mica  obtained  vary  from  2  to  6  tons.  This,  or  part  of  it,  was  exported  to 
England,  but  it  is  understood  that  much  of  the  material  shipped  was  not 
in  the  form  of  merchantable  sheets,  and  was  merely  scrap.  The  workings 
were  examined  in  1913  by  Morgan  and  Bartrum,]*  who  report  that  some 
of  the  mica  is  cross-grained,  and  all  seen  by  them  dark-coloured.  The 
material  near  the  surface  was  affected  by  weathering,  but  this  defect  would, 
of  course,  disappear  in  depth.  Plates  measuring  as  much  as  6  in.  by  4  in. 
could  be  obtained,  but  the  writers  mentioned  were  of  opinion  that  the 
proportion  of  sheet  mica  to  barren  rock  was  too  small  to  enable  the  peg¬ 
matite  to  be  profitably  worked  unless  richer  patches  could  be  found.  Since 
the  publication  of  their  report  the  price  of  mica  has  more  than  doubled, 
and  for  the  time  being  the  opinion  mentioned  may  possibly  not  hold  good. 


Prices  of  Mica. 

In  July,  1914,  the  London  prices  of  muscovite  mica  were  approximately 
as  follow  :■ — 


Size. 

Area  of  Rectangular 
Plate  obtainable. 

Price  per  Pound,  according  to 
Quality. 

No.  6 

Square  Inches. 

1  to  3 

s.  d.  s.  d. 

0  1|  to  0  5f 

No.  5 

3  to  6 

0  5J  to  2  4 

No.  4 

6  to  10 

2  3  to  4  8 

No.  3 

10  to  14 

3  6  to  7  9 

No.  2 

14  to  24 

5  6  to  8  3 

No.  1 

24  to  36 

6  6  to  9  0 

*  Notes  on  some  of  the  New  Zealand  Minerals  in  the  Otago  Museum.  Trans. 
N.Z.  Inst.,  vol.  10,  pp.  497-98,  1878. 

t  N.Z.  Geol.  Surv.  Bull.  No.  17,  pp.  124-25,  1915. 
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At  the  present  time  mica  is  sold  in  ten  sizes,  each  divided  into  nine 
grades  according  to  quality.  The  following  table  shows  the  range  of 
prices  : — 


Size. 

Area  of  Rectangular 
Plate  obtainable. 

Price  per  Pound,  according  to 
Quality. 

Square  Inches. 

s. 

d. 

s. 

d. 

No.  6 

1 

to 

3 

0 

6 

to 

1 

10| 

No.  5 

3 

to 

6 

1 

3 

to 

5 

0 

No.  4 

6 

to 

10 

2 

3 

to 

9 

0 

No.  3 

10 

to 

14 

3 

6 

to 

12 

0 

No.  2 

14 

to 

24 

5 

6 

to 

16 

0 

No.  1 

24 

to 

36 

7 

6 

to 

17 

6 

A1 

36 

to 

48 

9 

0 

to 

20 

0 

Special 

48 

to 

60 

10 

0 

to 

21 

6 

Extra  s 

pecial 

60 

to 

72 

12 

0 

to 

23 

0 

Extra  extra  .  . 

72 

and  over 

15 

0 

to 

30 

0 

Consideration  of  these  tables  indicates  that  the  lower  grades  of  musco¬ 
vite  mica  have  more  than  doubled  in  price,  whilst  the  higher  grades  have 
apparently  not  quite  doubled  in  value.  It  is  not  certain,  however,  that  the 
two  tables  can  be  exactly  compared. 

Scrap  mica  a  few  months  ago  was  worth  in  the  London  market  3s. 
to  3s.  6d.  per  hundredweight,  which  is  not  a  great  advance  on  pre-war 
prices. 

Phlogopite  mica  is  in  demand,  but  does  not  bring  as  high  prices  as 
muscovite  mica. 

Preparation  of  Mica  for  Market. 

As  it  comes  from  the  mine  the  mica  is  in  blocks  of  all  sizes  and  shapes. 
The  outside  portions  are  often  opaque,  brittle,  and  worthless,  and  these, 
of  course,  have  to  be  discarded.  Material  that  is  obviously  valueless  owing 
to  cross-grain,  &c.,  is  also  thrown  aside.  The  merchantable  mica  is  split 
into  sheets  or  thin  slabs  from  ^  in.  to  J  in.  thick.  These  are  roughly  sorted 
according  to  size,  and  carefully  trimmed  so  that  all  rough  edges,  cracks, 
and  inclusions  are  cut  away,  almost  regardless  of  what  shape  the  pieces 
may  assume,  though  it  is  desirable  that  the  trimmed  material  should  not 
have  more  than  five  or  six  sides.  Each  piece  in  the  larger  sizes  is  care¬ 
fully  cleaned  as  much  as  possible.  The  sheets  are  finally  regraded  accord¬ 
ing  to  size,  and  the  sizes  are  graded  according  to  quality.  The  grades  at 
present  in  vogue  are — Clear,  Government  standard  ;  part  stained,  Govern¬ 
ment  standard ;  second  quality,  clear ;  second  quality,  part  stained ;  fair, 
stained  ;  ordinary,  rust-  and  clay-stained  ;  densely  stained  ;  soft  white  ; 
black-spotted. 

Buyers  of  Mica. 

The  following  British  firms  are  buyers  of  mica  : — 

Attwater  and  Sons,  Hopwood  Street,  Preston. 

Baker  and  Smith,  19  St.  Dunstan’s  Hill,  London  E.C.  3 
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British  Mica  Company  (Limited),  Lebanon  Road,  Wandsworth, 
London  S.W. 

Davis,  Edward,  and  Co.,  3  Fen  Court,  London  E.C.  3. 

Everitt  and  Co.,  40  Chapel  Street,  Liverpool. 

Micanite  and  Insulators  Company  (Limited),  Blackhorse  Lane, 
Walthamstow. 

Turing  and  Findlay,  41  Gracechurch  Street,  London  E.C.  3. 

F.  Wiggins  and  Sons,  102  Minories,  London  E.  1. 

The  Ministry  of  Munitions,  care  of  Messrs.  W.  A.  Smith  and  Son, 
Cooper’s  Row,  Crunched  Friars,  London  E.C.  3,  is  also  a  buyer  of  all  grades 
of  mica. 


TUNGSTEN-ORE.  (By  J.  Henderson.) 

Owing  to  the  largely  increased  demand  for  tungsten  steel  for  munition- 
manufacture  the  mining  of  tungsten-ores  has  been  greatly  stimulated.  At 
the  present  time  the  British  Empire  produces  a  large  proportion  of  the 
world’s  output  of  wolfram  and  scheelite.  Of  the  total  British  production, 
Burma  contributes  about  three-fourths,  the  other  important  producers  being 
Queensland,  New  South  Wales,  New  Zealand,  England,  and  Rhodesia.  Of 
foreign  countries,  the  United  States  furnishes  by  far  the  largest  amount, 
the  production  of  tungsten  concentrates  in  1916  being  5,200  tons,  and 
that  of  1917  6,000  tons  (estimated)*;  then  follow  Portugal,  Bolivia, 
Argentina,  Peru,  France,  Siam,  Japan,  and  China.  The  following  table 
contains  two  estimates  of  the  world’s  yearly  production  of  tungsten 
concentrates  for  some  years  past,  and  also  gives  New  Zealand’s  production 
to  1916 : — 


— 

World’s  Produc¬ 
tion  in  Metric  Tons 
(Grifhths)t. 

World’s  Produc¬ 
tion  in  Long  Tons 
(Rastall)f. 

New  Zealand's 
Production  in 
Long  Tons. 

Value  of 

New  Zealand's 
Production. 

1899-1910 

.  . 

.  . 

675 

£ 

55,065 

1906 

•  . 

4,000 

,  , 

,  . 

1911 

6,105 

•  • 

138 

11,853 

1912 

7,670 

8,780 

135 

13,347 

1913 

7,107 

10,000 

221 

22,933 

1914 

6,650 

8,000 

204 

21,498 

1915 

8,469 

12,000 

194 

27,784 

1916  . . 

19,000 

266 

49,070 

*  Eng.  &  Min.  Jour.,  vol.  105,  No.  2,  p.  90,  Jan.  12,  1918. 
f  H.  D.  Griffiths,  Min.  Mag.,  vol.  17,  No.  2,  p.  60,  Aug.,  1917. 

J  R.  H.  Rastall,  Geol.  Mag.,  dec.  v,  vol.  5,  No.  5,  May,  1918,  p.  194.  Rastall 
gives  detailed  figures,  some  of  which  appear  to  be  incorrect  (e.g.,  those  relating  to  New 
Zealand).  Griffiths’s  figures  are  incomplete. 

4 — Science. 
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Pre-war  prices  of  tungsten-ore  generally  fluctuated  between  28s.  6d.  and 
34s.  per  unit,  equivalent  to  £92  12s.  6d.  to  £110  10s.  per  ton  of  65-per-cent, 
ore  or  concentrate.  After  the  outbreak  of  the  war  tungsten-ore  was  almost 
unsaleable  for  a  time,  but  in  June,  1915,  the  London  market  was  more  than 
re-established,  and  prices  went  up  to  55s.  per  unit.  At  this  stage  the 
Ministry  of  Munitions  took  control  of  the  supplies  of  tungsten-ore  in  the 
Empire,  and  fixed  a  standard  price  of  55s.  per  unit  c.i.f.  London,  which 
remained  in  force  until  the  end  of  1917.  The  standard  British  price  was 
then  raised  to  60s.  per  unit,  equivalent  to  £195  per  ton  of  65-per-cent, 
material,  or  about  double  the  pre-war  price.  The  British  Government  pays 
a  considerable  proportion  of  the  freight  and  insurance  of  ore  shipped  from 
New  Zealand,  so  that  shippers  get  the  full  benefit  of  the  increased  price. 
As  is  well  known,  the  price  of  tungsten-ore  in  the  United  States  since  the 
end  of  1915  has  violently  fluctuated,  but  has  usually  been  considerably 
higher  than  the  British  price.  Thus  the  average  price  of  scheelite  in  the 
United  States  during  1917  was  22.75  dollars  and  of  wolfram  21.34  dollars 
per  unit  per  short  ton,*  prices  equivalent  to  approximately  106s.  4d.  and 
98s.  per  unit  per  long  ton. 

Tungsten  occurs  in  New  Zealand  combined  in  the  minerals  scheelite  and 
wolfram.  A  list  of  localities  where  these  are  found  is  given  on  page  29  of 
the  10th  Annual  Report  of  the  Geological  Survey.  The  only  notable  dis¬ 
covery  of  tungsten-ore  since  the  publication  of  that  report  was  that  made 
by  Rogers  and  party,  who  in  March,  1917,  found  an  auriferous-quartz  vein 
carrying  wolfram  in  the  valley  of  Lammerlaw  Creek,  about  two  miles  from 
Waipori  Township.  The  occurrence  of  scheelite  in  the  lodes  of  this  locality 
has  long  been  known. 

Scheelite  is  much  more  abundant  in  New  Zealand  than  wolfram,  being 
widely  distributed  throughout  Otago  and  Marlborough,  where  it  occurs  in 
quartz  lodes  traversing  mica-schist  country.  These  lodes  are  always  more 
or  less  auriferous,  and  some  of  them  were  worked  for  their  gold  content 
years  before  the  fact  that  they  contained  scheelite  was  known.  The  mineral 
is  also  found  in  gravels  derived  from  the  denudation  of  the  lode-bearing 
areas.  At  the  present  time  the  largest  amount  of  scheelite  is  obtained  from 
the  neighbourhood  of  Glenorchy,  at  the  northern  end  of  Lake  Wakatipu. 
Here  the  ore  is  found  in  rich  bunches  irregularly  distributed  in  rather 
narrow  quartz  veins.  The  quartz  throughout  contains  a  little  scheelite  and 
a  very  small  quantity  of  gold.  For  the  reasons  that  the  scheelite  is  rela¬ 
tively  friable,  and  that  slimed  scheelite  is  difficult  to  save,  the  ore  is  reduced 
to  powder  in  several  stages,  being  treated  by  jigs  between  these  operations. 
No  attempt  is  made  to  save  the  gold.  At  Deep  Creek,  in  Marlborough, 
the  scheelite  is  much  more  sparingly  disseminated  throughout  the  ore,  which, 
moreover,  contains  a  notable  amount  of  gold.  The  only  lode  worked  is  large 
and  regular.  Here  the  ore  is  pulverized  in  one  operation  in  a  stamper 
battery,  the  gold  being  saved  on  amalgamated  copper  plates  and  the 
scheelite  on  Wilfley  tables. 

In  1916  sluicing  for  wolfram  and  tinstone  was  carried  on  near  Port 
Pegasus,  Stewart  Island.  The  yield  was  unprofitable,  and  work  was  dis¬ 
continued  after  six  months. 


*  Eng.  &  Min.  Jour.,  voh  105,  No.  2,  p.  91,  Jan.  12,  1918. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 

New  Zealand  Institute  Science  Congress. 

4th  to  8th  February,  1919. 

At  the  annual  meeting  of  the  Board  of  Governors  of  the  New  Zealand 
Institute  held  in  January,  1918,  on  the  invitation  of  the  Philosophical 
Institute  of  Canterbury  it  was  decided  to  hold  a  week  of  public  meetings 
of  the  Institute  early  in  the  autumn  of  1919.  It  has  since  been  decided  to 
hold  them  in  Christchurch  during  the  first  week  of  February.  The  Board 
of  Governors  of  Canterbury  College  has  granted  the  use  of  the  College 
buildings  for  the  purpose. 

The  arrangements  for  the  meeting  have,  by  the  resolution  of  the 
Standing  Committee,  been  entrusted  to  the  Philosophical  Institute  of 
Canterbury. 

The  opening  meeting  will  be  held  on  Tuesday,  4th  February,  at  which 
the  President  of  the  Institute,  Dr.  L.  Cockayne,  will  deliver  his  presidential 
address.  His  Excellency  the  Governor  has  been  pleased  to  state  that  he 
will  officially  open  the  Congress  if  his  other  engagements  permit.  The  Hon. 
G.  W.  Russell,  Minister  of  Internal  Affairs,  has  signified  his  intention  of 
being  present. 

PROVISIONAL  PROGRAMME. 

The  following  provisional  programme  has  been  communicated  by  Mr. 
William  Martin,  Hon.  Secretary,  New  Zealand  Institute  Science  Congress. 

A.  Public  Lectures. 

Tuesday  evening,  4th  February.  Presidential  Address  :  Dr.  L.  Cockayne. 
Wednesday  evening,  5th  February.  Botanical  evening.  “  Vestiges  of  the 
Primeval  Plant  World  ”  :  Dr.  J.  E.  Holloway. 

Thursday  evening,  6th  February,  Geological  evening.  “  Mountain  Struc¬ 
ture  ”  :  Professor  W.  N.  Benson.  “  Mountain  Sculpture  ”  :  Dr.  C.  A. 
Cotton. 

Friday  evening,  7th  February.  Science  and  Industry.  ( a .)  From  the 
Chemical  Standpoint :  Professor  F.  P.  Worley.  ( b .)  From  the  Physical 
Standpoint :  Professor  H.  Clark. 

B.  Papers  and  Discussions. 

Section  1. — Biology  and  Agriculture. 

Hon.  Secretaries,  Dr.  C.  Chilton,  Canterbury  College,  Christchurch,  and 
Dr.  F.  W.  Hilgendorf,  Agricultural  College,  Lincoln. 

Nitrification  in  Relation  to  the  Calcium-carbonate  Content  of  Canterbury 
Soils  :  L.  J.  Wild. 

The  Status  of  Entomology  in  the  Economy  of  the  Dominion  :  D.  Miller. 
The  Control  in  Succession  in  Surface-sown  Grassland  :  A.  H.  Cockayne. 
The  Relative  Effect  of  Histological  Fixatives  on  the  Endosperm  of  Seeds. 
Professor  J.  C.  Johnson. 

Indigenous  Vegetation  of  Banks  Peninsula  :  R.  M.  Jjaing. 
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Plant-breeding — Methods  and  Some  Results  :  Dr.  F.  W.  Hilgendorf. 

The  Need  of  a  Comprehensive  Dominion  Herbarium  :  D.  Petrie. 

The  Seedling  Form  of  Helichrysum  coralloides  :  Dr.  L.  Cockayne. 
Polymorphism  in  the  Common  New  Zealand  Limpet  Cellara  radians 
(Gmelin)  :  Dr.  J.  A.  Thomson. 

Destructive  Boring  Crustacea  in  New  Zealand  :  Dr.  C.  Chilton. 

Instances  of  Convergent  Evolution  in  the  Crustacea  :  Dr.  C.  Chilton. 
Agricultural  Bacteriology  :  R.  Waters. 

Control  of  Animal  Disease  in  New  Zealand  :  Dr.  C.  J.  Reakes. 

Rural  Education  in  Secondary  and  Technical  Schools  :  R.  P.  Connell. 
Agricultural  Efficiency  :  W.  Martin. 

New  Zealand  Fisheries  and  their  Future  Development :  Hon.  G.  M.  Thomson. 
Phormium  and  its  Economic  Possibilities  :  Mrs.  B.  D.  Jennings. 

A  New  Discoglossoid  Frog  from  New  Zealand  ( Liopelma  hamiltoni)  :  A.  R. 

McCulloch  (to  be  communicated  by  Dr.  J.  A.  Thomson). 

And  papers  by  E.  G.  Loten  and  others. 

Section  2. — Geology. 

Hon.  Secretary,  Mr.  L.  J.  Wild,  Agricultural  College,  Lincoln. 

The  Resources  of  the  Nelson  District  from  a  Geologist’s  Standpoint  :  W.  F. 
Worley. 

Some  Geological  Inferences  from  the  Distribution  of  Ranunculus  pauci- 
folius  :  Professor  A.  Wall. 

Further  Observations  on  the  Christchurch  Artesian  System  :  Dr.  F.  W. 
Hilgendorf. 

Geology  of  the  Middle  Clarence  and  Upper  Ure  Valleys  :  Dr.  J.  A.  Thomson. 
The  Range  of  Tertiary  Mollusca  in  the  Oamaruian  of  North  Otago  and 
South  Canterbury  :  Dr.  J.  A.  Thomson. 

A  Quantitative  Study  of  the  Silica-saturation  of  Igneous  Rocks  :  Dr.  J.  A. 
Thomson. 

Geological  Notes  on  Palliser  Bay  District:  Dr.  J.  A.  Thomson. 

Geography — Educational  Aspects  of  the  Subject :  E.  K.  Lomas. 

The  Organization  of  a  Geological  Survey  :  P.  G.  Morgan. 

The  Significant  Features  of  Reef-bordered  Coasts :  Professor  W.  M.  Davis 
(to  be  presented  by  Professor  W.  N.  Benson). 

•The  Older  Gravels  of  North  Canterbury  :  R.  Speight. 

Rough  Ridge,  Otago,  and  its  Splintered  Fault-scarp  :  Dr.  C.  A.  Cotton. 

The  Tertiary  Geology  of  the  Waitaki  Valley  :  G.  H.  Uttley. 

The  Gold-bearing  Beach-leads  of  the  Charleston  District :  A.  D.  Dobson. 

The  Mechanical  Composition  of  the  Timaru  Loess  :  L  J.  Wild. 

Geology — Some  Aspects  of  its  Relation  to  Agriculture  :  L.  J.  Wild. 

Section  3. —Chemistry,  Physics ,  and  Engineering . 

Hon.  Secretaries,  Mr.  S.  Page,  Canterbury  College,  Christchurch,  and 
Mr.  L.  Birks,  Electrical  Engineer’s  Office,  Christchurch. 

The  National  Electrification  of  Lakes  and  Waterfalls  :  H.  Hill. 

A  Slide-rule  for  solving  the  Quadratic  Equation  :  Professor  D.  M.  Y. 
Sommerville. 

An  Improved  Planisphere  :  Professor  D.  M.  Y.  Sommerville. 

Afforestation  in  New  Zealand  :  W.  Skinner. 

Forestry  in  High  Country  :  W.  G.  Morrison.  • 
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Porosity  of  Porcelain  Insulators  (with  Experiments)  :  Dr.  C.  C.  Farr. 
Mr.  L.  Birks. 

And  papers  by  Professor  K.  J.  Scott,  W.  H.  Stunner,  and  others. 

Section  4. — General . 

Hon.  Secretary,  Mr.  W.  Martin,  51  Matai  Street,  Lower  Riccarton. 

War  Finance  :  Dr.  J.  Hight. 

Material  Culture  of  the  Moriori  People  :  H.  D.  Skinner. 

The  Natural  Laws  of  Poetry  :  J.  C.  Andersen. 

The  Influenza  Epidemic  :  Dr.  A.  B.  Pearson. 

Discussion  on  Daylight-saving. 

The  Harmonic  Analysis  of  Tidal  Observations  and  Prediction  of  Tides  : 
Dr.  C.  E.  Adams. 

The  Determination  of  the  Position  of  the  Moon  by  Photography  :  Dr.  C.  E. 
Adams. 

Tables  of  Mathematical  Functions  :  Dr.  C.  E.  Adams. 

Exhibit  of  Photographs  of  the  Solar  Corona,  1918,  June  8  :  Dr.  C.  E.  Adams. 
Almucantar  Method  of  Observation  for  the  Determination  of  Time  and 
Latitude  :  Dr.  C.  E.  Adams. 

And  other  papers. 

C.  Excursions. 

The  following  excursions  have  been  suggested  and  will  be  arranged  foi 
if  a  sufficient  number  of  applications  are  received  : — - 

Week-end  excursions  :  Lake  Coleridge  Power-station  ;  Arthur’s  Pass. 
Afternoon  excursions  :  Dyer’s  Pass  and  the  Sugarloaf  ;  Riccarton 
Bush  ;  Lincoln  Agricultural  College  ;  Sockburn  Flying-school  ; 
Lyttelton  Harbour. 

Excursions  to  places  of  scientific  and  industrial  interest  will  also  be 
arranged  for  by  the  Secretaries  of  the  separate  sections.  A  geological 
excursion  to  one  of  the  Tertiary  sections  of  North  Canterbury  is  proposed. 

D.  Garden  Party. 

At  Ilam,  Riccarton  (the  residence  of  Mr.  E.  F.  Stead). 

Note. — -The  public  lectures  and  meetings  are  open  to  all  who  are  inter¬ 
ested.  The  excursions  are  restricted  to  members  of  any  Institute  affiliated 
to  the  New  Zealand  Institute.  Tickets  may  be  obtained  from  the  Secretary. 


Scientific  and  Industrial  Research. 

[Contributed  by  Mr.  George  Hogben,  C.M.G.,  who  was  Chairman  of  the  New  Zealand 
Institute’s  Scientific  and  Industrial  Research  Committee.] 

From  the  year  1915  onward  several  scientific  and  other  bodies  in  New 
Zealand  had  been  considering  in  what  manner  scientific  and  industrial 
research  might  be  organized  in  New  Zealand,  as  it  had  been  already 
organized,  or  was  being  organized,  in  Great  Britain  and  other  parts  of 
the  Empire  and  in  the  United  States  of  America.  One  or  two  of  the 
schemes  evolved  gave  some  promise  of  being  practical  in  character. 
Among  them  (although  it  was  not  the  only  one  that  could  be  so  described) 
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was  the  scheme  drawn  up  by  a  special  committee  of  the  Wellington 
Philosophical  Society. 

The  Acting  Prime  Minister  early  in  1917  requested  the  National  Effi¬ 
ciency  Board  to  submit  a  scheme  to  the  Government  for  its  consideration, 
providing  for  a  proper  system  of  scientific  investigation  and  research 
for  the  Dominion.  Accordingly  the  National  Efficiency  Board,  in  June, 
1917,  asked  for  the  assistance  of  the  New  Zealand  Institute  in  framing  a 
scheme  for  scientific  research  with  respect  to  the  maintenance,  develop¬ 
ment,  or  establishment  of  industries.  The  New  Zealand  Institute  set  up 
a  special  committee  for  the  purpose,  consisting  of  such  members  of  the 
Board  of  Governors  of  the  Institute  as  were  in  Wellington,  representatives 
of  Government  Departments  concerned  in  scientific  work  or  scientific 
processes,  of  the  General  Council  of  Education,  the  Wellington  City  Council, 
the  Industrial  Corporation  of  New  Zealand,  the  Associated  Chambers  of 
Commerce,  the  Workers’  Educational  Association,  &c.  The  Committee 
met  on  the  14th  September,  1917,  and  frequently  thereafter  ;  it  proceeded 
to  frame  a  draft  scheme,  which  was  in  the  first  instance  based  largely 
upon  the  scheme  of  the  Wellington  Philosophical  Society  mentioned  above. 

This  draft  was  referred  to  the  several  branches  of  the  New  Zealand 
Institute,  to  the  other  City  Councils,  to  the  University  and  University 
colleges,  and  to  associations  of  employers  and  workers  for  their  opinion 
and  suggestions  ;  and  in  many  cases  it  was  found  possible  to  consult 
personally  representatives  of  these  bodies,  in  particular  those  from  Auckland, 
Christchurch,  and  Dunedin. 

The  scheme  was  in  consequence  very  materially  modified  by  the 
Committee  ;  and  it  is  satisfactory  to  note  that  the  final  proposals  of  the 
Committee  embodied  the  opinion  of  practically  all  the  bodies  concerned, 
both  scientific  and  industrial,  in  various  parts  of  the  Dominion.  These 
proposals  were  sent  to  the  National  Efficiency  Board  on  the  16th  November, 
1917.  After  full  consideration  the  Board  adopted  them  with  very  slight 
modification,  and  forwarded  them  to  the  Government  in  January,  1918. 

The  following  is  the  full  text  of  the  scheme  in  its  final  form  : — 

SCHEME  FOR  SCIENTIFIC  AND  INDUSTRIAL  RESEARCH  RECOMMENDED 

BY  THE  NATIONAL  EFFICIENCY  BOARD  FOR  ADOPTION  BY  THE 

GOVERNMENT. 

1.  (a.)  There  should  be  established  a  Board  of  Science  and  Industry, 
with  responsible  functions  and  substantial  authority,  to  encourage  and 
co-ordinate  scientific  and  industrial  research  in  the  Dominion. 

( b .)  There  should  be  a  Minister  of  Science  and  Industry,  who  should 
be  the  Chairman  of  the  Board. 

Board  of  Science  and  Industry. 

2.  {a.)  The  Board  should  consist  of  the  Minister,  one  salaried  Director, 
who  should  be  Deputy  Chairman,  and  four  other  members  elected  in  the 
manner  prescribed  in  Schedule  I,  two  of  whom  should  be  chosen  to 
represent  science  and  two  to  represent  industry. 

(h.)  The  first  Director  should  be  appointed  by  the  Governor-General 
in  Council  on  the  recommendation  of  the  National  Efficiency  Board. 

(c.)  The  salary  of  the  Director  should  be  not  less  than  £1,500  per 
annum. 

(d.)  The  elected  members  of  the  Board  should  be  paid,  in  accordance 
with  regulations,  all  travelling-expenses  reasonably  incurred  by  them  in 


1919.] 


University  and  Scientific  News. 


55 


attending  the  meetings  of  the  Board  and  in  transacting  the  business 
thereof,  and  such  sum  for  attendance  at  such  meetings  as  may  be  prescribed, 
such  amount  to  be  paid  out  of  any  moneys  appropriated  by  Parliament 
for  the  purpose. 

(e.)  The  Board  should  be  a  Trust  to  administer  public  and  other  funds 
given  for  the  purpose  for  which  it  is  constituted. 

(/.)  An  adequate  sum — not  less  than  £100,000 — should  be  voted  by 
Parliament  to  cover  the  expenditure  for  five  years,  such  sum  to  be  paid 
to  the  Trust  and  be  invested  by  it  in  interest-bearing  securities. 

(g.)  The  expert  and  clerical  staff  of  the  Board  should  be  appointed  by 
the  Board,  but  should  have  the  benefit  of  the  Government  superannuation 
scheme. 

3.  (a.)  There  should  be,  at  first,  four  Local  Advisory  Committees — 
namely,  the  Auckland,  Wellington,  Christchurch,  and  Dunedin  Advisory 
Committees — which  should  be  constituted  and  elected  in  the  manner  pre¬ 
scribed  in  Schedule  II. 

( b .)  Other  Local  Advisory  Committees  may  be  set  up  from  time  to  time 
if  the  Board  approves  ;  they  should  be  constituted  in  such  manner  as 
the  Board  may  determine. 

(c.)  The  Local  Advisory  Committees  should  inquire  into  problems  con¬ 
nected  with  the  industries  in  their  respective  districts  that  seem  likely  to 
benefit  from  research,  should  deal  with  such  matters  as  are  referred  to 
them  by  the  Board,  and  in  general  assist  the  Board  in  its  work. 

(■ d .)  The  Board  may  vote  such  sums  as  it  deems  fit  to  the  Local 
Advisory  Committees  to  aid  such  committees  in  their  work. 

4.  The  Board,  with  the  assistance  of  the  Local  Advisory  Committees, 
should  make  a  review — 

(a.)  Of  all  research  work  that  has  been  done  or  is  in  progress  in  con¬ 
nection  with  science  and  industry  in  the  Dominion  ; 

(6.)  Of  problems  to  be  solved  in  connection  with  existing  industries 
or  with  industries  to  be  established. 

5.  (a.)  The  Board  should  consider  all  proposals  for  specific  scientific 
researches,  and  allot  to  the  proper  person  or  persons  the  duty  of  conducting 
such  specific  researches  as  it  may  approve. 

(6.)  The  Board  should  also  deal  with  problems  affecting  particular 
industries  in  order  to  determine  upon  what  lines  research  might  be  instituted. 

6.  (a.)  The  Board  should  have  power  to  establish,  award,  and  super¬ 
vise  Research  Fellowships. 

( b .)  The  Research  Fellows  should  be  appointed  by  the  Board  to  conduct 
or  take  part  in  specific  researches.  They  should  show  to  the  satisfaction 
of  the  Board  their  fitness  to  conduct  or  take  part  in  the  research  for  which 
they  are  appointed. 

(c.)  The  Fellowships  should  be  of  sufficient  value  to  prevent  the  holders 
from  being  attracted  to  other  positions  ;  the  value  of  the  Fellowship  should 
be  in  each  case  determined  by  the  Board. 

( d .)  Each  Fellowship  should  be  tenable  for  two  years,  provided  the 
holder  for  so  long  fulfilled  the  conditions  of  the  Fellowship.  At  the  end 
of  two  years  the  Board  may  renew  or  extend  the  Fellowship,  and  where 
the  Board  deems  fit  it  may  make  a  permanent  appointment  thereto. 

(e.)  Every  Fellow  from  the  date  of  his  appointment  should  be  deemed 
to  be  a  member  of  the  Public  Service,  and  should  be  subject  to  the  same 
conditions  as  to  superannuation  as  other  members  of  the  Service. 

(/.)  The  Board  may  direct  a  Fellow  for  the  purpose  of  the  research  to 
visit  or  reside  at  places  outside  New  Zealand. 
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(g.)  The  Boa.d  should  also  have  power  to  make  grants  of  money  in 
aid  of  research,  in  payment  of  services,  or  for  apparatus,  material,  rent, 
and  incidental  expenses. 

7.  (a.)  In  carrying  out  the  researches  the  Board  should  co-operate  as 
far  as  possible  with  the  Government  Departments  concerned  in  scientific 
work,  with  the  New  Zealand  Institute,  the  University  of  New  Zealand, 
the  University  colleges  and  other  institutions,  with  local  bodies,  and  with 
societies  and  private  persons  interested  in  research. 

(b.)  The  Director  or  the  Board  may  invite  any  person  known  to  have 
special  knowledge  on  any  question  under  consideration  to  attend  its  meetings, 
and  shall,  when  dealing  with  any  work  ordinarily  handled  by  a  Government 
Department,  invite  the  attendance  of  a  delegate  from  such  Department,  who 
shall  have  the  right  to  speak  on  behalf  of  his  Department. 

8.  (a.)  The  duties  of  the  Board  of  Science  and  Art  in  regard  to  scientific 
publications  should  be  transferred  to  the  Board  of  Science  and  Industry. 

(b.)  All  bulletins  and  reports  relating  to  the  researches  set  up  by  the 
Board  should  be  drawn  up  and  issued  with  its  authority. 

9.  The  Board  should  take  the  necessary  steps  to  co-ordinate  as  far  as 
possible  scientific  and  industrial  research  in  New  Zealand  with  similar 
work  in  other  parts  of  the  British  Empire. 

10.  In  further  explanation  of  the  functions  of  the  Board  of  Science  and 
Industry  it  is  suggested  that  the  following  should  be  included  among 
them.  The  Board  might — 

(a.)  Advise  primary  producers  upon  all  questions  of  the  application  of 
science  to  their  industries  : 

(b.)  Advise  persons,  firms,  or  companies  engaged  in  industrial  pursuits 
as  to  improvements  in  the  arts  and  processes  employed,  and 
as  to  the  utilization  of  waste  products  : 

(c.)  Make  recommendations  as  to  the  adoption  in  an  industry  of  the 
results  of  investigations  conducted  under  its  direction  : 

( d .)  Undertake  the  investigation  of  industrial  problems  which,  if  un¬ 
solved,  would  obstruct  the  development  of  the  industries  con¬ 
cerned  : 

(e.)  Advise  the  Government  in  regard  to  the  help  that  should  be  given 
to  any  new  industry  that  is  likely  to  be  ultimately  of  value  to  the 
country  though  at  first  it  may  not  be  workable  except  at  a  loss  : 

(/.)  Advise  the  Government  as  to  what  contribution,  if  any,  should 
be  made  towards  the  cbst  of  any  research  by  the  firms  or 
companies  benefited  thereby  : 

(g.)  On  the  request  of  the  University  of  New  Zealand,  consult  with 
that  body  in  matters  relating  to  the  National  Research  Scholar¬ 
ships  in  its  award  : 

(h.)  Consult  with  the  General  Council  of  Education,  the  University  of 
New  Zealand,  the  University  colleges,  and  other  educational 
bodies  as  to  the  lines  along  which  there  could  be  brought  about 
an  improvement  in  scientific  education,  and  co-operate  with 
them  and  all  others  concerned  in  taking  such  steps  as  may  lead 
to  the  better  appreciation  of  the  aims  and  advantages  of  science 
on  the  part  of  producers  and  the  general  body  of  citizens. 

11.  Where  any  person,  firm,  or  company  engaged  in  industrial  pursuits 
-  ontributes  funds  to  the  Board  for  the  purpose  of  inquiries  or  research  in 
connection  with  the  industry  pursued,  such  contributions  shall,  upon  receipt 
of  a  certificate  from  the  Board,  be  exempt  from  income-tax,  but  in  all  such 
cases  the  results  of  such  inquiry  or  research  shall  be  public  property. 
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SCHEDULE  I. 

Election  of  Members  of  the  Board  of  Science  and  Industry. 

1.  Four  members  of  the  Board  shall  be  elected  by  the  following  persons  (herein¬ 
after  called  the  “  voters  ”)  belonging  to  or  chosen  by  the  bodies  named  herein,  to  wit : — 

(a.)  Five  persons  chosen  by  the  Governor-General  in  Council  from  the  scientific 
staffs  of  Government  Departments  : 

( b .)  Those  persons  who  are  for  the  time  being  Governors  of  the  New  Zealand 
Institute  : 

(c.)  Those  persons  who  are  for  the  time  being  members  of  the  Local  Advisory 
Committees  : 

(d.)  Five  persons  chosen  by  the  Council  of  Agriculture: 

(e.)  Five  persons  chosen  by  the  New  Zealand  Farmers’  Union  : 

(/.)  Five  persons  chosen  by  the  Associated  Chambers  of  Commerce  : 

(ff.)  Five  persons  chosen  by  the  Industrial  Corporation  of  New  Zealand  : 

( h .)  Five  persons  chosen  by  the  United  Federation  of  Labour  : 

(t.)  Three  persons  chosen  by  the  Senate  of  the  University  of  New  Zealand  : 

(j.)  Three  persons  chosen  by  the  Board  of  Studies  of  the  University  of  New 
Zealand  : 

( k .)  Three  persons  chosen  by  the  New  Zealand  Council  of  the  British  Medical 
Association  : 

(/.)  Three  persons  chosen  by  the  Council  of  the  New  Zealand  Society  of  Civil 
Engineers  : 

(m.)  Three  persons  chosen  by  the  Council  of  the  Australasian  Association  of 
Marine  Engineers  (New  Zealand  Branch)  : 

(n.)  Three  persons  chosen  by  the  Council  of  the  New  Zealand  Institute  of 
Surveyors  : 

(o.)  Three  persons  chosen  by  the  New  Zealand  Institute  of  Architects. 

2.  Each  of  the  bodies  named  in  clause  1  hereof  may  nominate  three,  but  not 
more  than  three,  members  to  represent  science,  and  may  nominate  three,  but  not  more 
than  three,  members  to  represent  industry.  For  the  purpose  of  this  clause  the  five 
persons  named  in  paragraph  (a),  clause  1,  shall  be  deemed  to  be  one  of  the  bodies  so 
named. 

3.  There  shall  be  two  elections — namely,  one  election  for  the  two  members  of  the 
Board  to  represent  science,  and  the  other  election  for  the  two  members  to  represent 
industry. 

4.  Two  voting-papers  shall  be  supplied  to  each  voter— namely,  one  voting-paper 
for  the  election  of  two  members  of  the  Board  to  represent  science,  and  one  voting- 
paper  for  the  election  of  two  members  to  represent  industry  :  Provided  that  if  any  person 
be  qualified  as  a  voter  for  more  than  one  of  the  bodies  named  in  clause  1  hereof  he 
shall  have  a  voting-paper  for  each  such  qualification  in  respect  of  each  of  the  elections 
referred  to  in  clause  3  hereof. 

5.  The  elections  shall  be  held  in  the  month  of  in  the  year  ,  and 

every  fifth  year  thereafter.  The  elections  shall  be  conducted  by  the  Director  of 
Science  and  Industry,  who  shall  be  the  Returning  Officer. 

6.  The  voting  shall  be  conducted  by  post,  and  every  voter  shall  in  each  election 
indicate  his  preference  for  the  several  candidates  in  the  manner  prescribed  by  the 
Returning  Officer. 

7.  The  counting  of  the  votes  shall  be  made  in  accordance  with  the  principle  of 
proportional  representation  in  the  manner  prescribed  by  the  Returning  Officer. 

8.  Members  of  the  Board  shall  hold  office  until  the  election  of  their  successors,  but 
shall  be  eligible  for  re-election. 

fi.  Interim  vacancies  shall  be  filled  by  the  remaining  members  of  the  Board. 

10.  In  any  case  of  doubt  as  to  the  constitution  of  the  bodies  named  in  clause  1, 
or  as  to  the  persons  chosen  as  voters  by  them,  or  as  to  the  election  of  members  of  the 
Board,  or  any  other  matter  relating  thereto,  the  matter  shall  be  determined  and  dealt 
wfith  as  the  Director  shall  decide. 

SCHEDULE  II. 

Local  Advisory  Committees. 

1.  Each  Local  Advisory  Committee  shall  consist,  as  nearly  as  may  be,  of  the 
following  members  : — 

(a.)  Three  members  elected  by  the  local  society  incorporated  with  the  New 
Zealand  Institute  : 

(6.)  Three  members  elected  by  the  Professoiial  Board  of  the  University  College 
of  the  district : 

(c.)  One  member  elected  by  the  Agricultural  and  Pastoral  Association  or  other 
similar  body  in  the  district : 

( d .)  One  member  elected  by  the  local  Farmers’  Union  or  other  similar  body  in 
the  district : 
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(e.)  One  member  elected  by  the  local  Chambers  of  Commerce  (whose  office  is  in  the 
town  where  the  Local  Advisory  Committee  is  established)  : 

(/.)  One  member  elected  by  the  local  Industrial  Association  or  other  similar  body 
in  the  district  : 

({/.)  One  member  elected  by  the  local  Trades  and  Labour  Council  or  other  similar 
body  in  the  district  : 

( h .)  Three  members  elected  by  the  members  already  named  herein. 

2.  The  election  shah  be  conducted  by  the  local  society  incorporated  with  the 
New  Zealand  Institute  in  such  manner  as  it  may  determine.  If  there  be  no  such  society 
in  the  town  or  district  the  Director  shall  arrange  for  the  election  as  he  may  see  fit. 

3.  The  election  shall  be  held  in  the  month  of  in  the  year  ,  and 

every  fifth  year  thereafter. 

4.  The  term -of  office  of  the  members  of  the  Local  Advisory  Committee  shall  be 
five  years. 

5.  Interim  vacancies  shall  be  filled  up  by  the  body  represented  by  the  retiring 
member,  and  the  member  so  elected  shall  hold  office  for  the  unexpired  portion  of  the 
term  of  the  retiring  member. 

6.  In  any  case  of  doubt  as  to  the  constitution  of  a  Local  Advisory  Committee  or 
as  to  its  election,  or  in  any  case  where  these  conditions  do  not  sufficiently  determine 
any  matter  relating  to  the  Local  Advisory  Committee  or  Committees,  the  matter  shall 
be  determined  and  dealt  with  as  the  Director  decides. 


Anthropology  at  the  University  of  Otago. 

At  the  University  of  Otago  arrangements  have  been  made  for  a  course 
of  instruction  in  anthropology,  which  will  include  lectures  in  physical, 
cultural,  and  geological  anthropology,  to  be  delivered  by  the  Professors 
of  Human  Anatomy,  of  Moral  Philosophy,  and  of  Geology  respectively. 
To  complete  the  course  a  Lecturer  on  Ethnology  was  required,  and  this 
need  has  recently  been  met  by  the  appointment  of  Mr.  H.  D.  Skinner  to 
the  position.  It  is  understood  that  the  anthropological  course  will  be 
started  this  year. 


Lima  huttoni  H.  Woods  becomes  Lima  ( Limatula ) 

woodsi  Sut. 

The  Director  of  the  New  Zealand  Geological  Survey  has  sent  to  us 
for  publication  the  following  note  by  the  late  Henry  Suter,  which  was 
written  under  date  of  18th  June,  1918 

The  name  Lima  huttoni  H.  Woods,  N.Z.  Geol.  Surv.  Pal.  Bull.  No.  4, 
p.  27,  1917,  is  preoccupied  by  Lima  huttoni  Suter,  N.Z.  Geol.  Surv.  Pal. 
Bull.  No.  2,  p.  45,  1914,  and  I  now  propose  the  name  of  Lima  (Limatula) 
woodsi  for  the  former  species. 


Mrs.  G.  J.  Hinde  has  forwarded  to  the  Geological  Survey  Office  a 
number  of  papers  from  the  late  Dr.  Hinde ’s  library.  These  include 
several  copies  of  the  paper  “  On  the  Sponge-remains  in  the  Lower  Tertiary 
Strata  near  Oamaru,  Otago,  New  Zealand,’5  by  Dr.  G.  J.  Hinde  and  Mr. 
W.  M.  Holmes,  which  was  published  in  vol.  24  of  the  Linnean  Society’s 
Journal  (Zoology)..  Mr.  William  Whitaker,  F.R.S.,  who  forwarded  the 
publications  on  behalf  of  Mrs.  Hinde,  requests  that  duplicates  not  needed 
by  the  Geological  Survey  library  should  be  distributed.  He  also  intimates 
that  further  copies  of  the  paper  mentioned  above  and  of  papers  on 
Australian  Radiolaria,  &c.,  are  available  for  distribution. 
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Conditions  of  Deposition  on  the  Continental  Shelf  and  Slope,  by 

C.  A.  Cotton.  Journal  of  Geology ,  vol.  26,  pp.  135-60,  1918. 

Following  his  studies  of  various  forms  of  land-surfaces  and  of  coasts, 
Dr.  Cotton,  in  the  present  article,  considers  the  processes  leading  to  the 
formation  of  the  comparatively  wide  shelves  which  extend  down  to  a 
depth  of  100  fathoms  and  surround  most  of  the  large  land-masses.  In 
so  doing  he  throws  light  on  the  mode  of  origin  of  certain  marine  strata  in 
New  Zealand.  He  regards  the  formation  of  the  continental  shelf  as  usually 
due  in  a  minor  degree  only  to  the  action  of  marine  erosion,  but  as  chiefly 
a  constructional  feature,  being  formed  partly  of  river-borne  material,  partly 
from  the  detritus  from  coastal  erosion,  built  out  from  the  coast-line  like 
confluent  deltas.  The  material  is  conveyed  from  the  coast  across  the  wide 
gently  sloping  upper  surface  by  the  agitation  brought  about  by  the  surface 
waves,  and  where  deposited  finally  on  this  surface  it  forms  the  upper,  or 
“  top-set,”  beds.  At  a  depth  of  100  fathoms  the  slope  changes  rather  sharply, 
and  the  terrigenous  material  which  is  conveyed  beyond  this  depth  comes 
to  rest  on  the  steeper  outer  surface  or  continental  slope  of  the  “  continental 
delta,”  and  forms  the  “  fore-set  beds,"  which  are  of  finer-grain  size  than 
the  deposits  on  the  continental  shelf,  and  may  be  more  or  less  mingled 
with  terrigenous  material,  which  has  settled  from  suspension  in  the 
sea- water,  as  well  as  with  other  pelagic  material  of  organic  origin.  The 
“  bottom-set  beds,”  which  are  deposited  beyond  the  continental  slope, 
consist  entirely  of  pelagic  material — terrigenous,  volcanic,  meteoric,  or 
organic.  The  constancy  of  the  presence  of  the  continental  shelf,  and  the 
uniform  depth  of  the  outer  edge,  indicate  that  the  present-day  shelf 
has  taken  form  since  the  sea  and  land  assumed  their  present  relative 
levels,  and  therefore  that  the  moulding  of  the  shelf  is  geologically  a  very 
recent  event. 

Where  the  crust  has  been  stationary  the  fore-set  beds  are  the  most 
important,  but  with  a  constantly  subsiding  coast  a  larger  thickness  of  more 
coarsely  granular  top-set  beds  may  form,  providing  the  supply  of  detritus 
be  sufficient.  In  regions  where  such  subsidence  was  intermittent  (and  these 
are  very  common)  there  may  be  also  an  associated  variation  in  the  level 
of  the  land,  with  a  concomitant  variation  in  the  character  of  the  terrestrial 
detritus,  the  distribution  of  top-set  and  fore-set  beds,  and  the  extent  of 
the  intermingling  of  pelagic  and  partly  organic  sediments.  The  “  Maitai 
system  ”  of  New  Zealand,  consisting  largely  of  greywacke,  probably 
originated  as  a  continental  delta  built  out  on  a  subsiding  area  from  a  land- 
mass  largely  composed  of  igneous  rocks.  At  and  beyond  the  edge  of  the 
continental  shelf  fine  terrigenous  muds  may  be  intercalated  with  purely 
pelagic  and  organic  deposits  (limestones),  and  to  this  mode  of  origin 
is  referable  the  Arnuri  limestone  of  North  Canterbury,  lying  between 
mud-stones  and  greensands,  and  perhaps  also  the  Oamaru  limestone  of 
Otago. 

In  regions  of  coastal  uplift  the  top-set  beds  are  thin,  and  they  are  largely 
removed,  and  on  the  continental  slope  there  is  a  continuous  and  heavy 
sedimentation  of  material  which  may  be  somewhat  coarse  in  texture. 

W.  N.  B. 
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An  Atlas  oi  the  World’s  Agriculture. 

Among  the  many  activities  started  in  America  since  the  entry  of  the 
United  States  into  the  war  has  been  the  collection  into  a  convenient  form 
of  the  scientific  knowledge  useful  for  the  troops  in  France,  such  as  Professor 
Davis’s  geological  Handbook  of  Northern  France,  and  more  generally  educa¬ 
tive  work  concerning  the  bearing  of  the  great  struggle  upon  economics. 
Among  these  has  recently  been  issued  by  the  United  States  Department  of 
Agriculture  The  Geography  of  the  World’s  Agriculture,  “  a  small  by-product 
of  the  atlas  work  called  forth  by  the  foreign  situation.”  This  consists  of 
over  two  hundred  diagrams,  with  explanatory  text,  showing  the  distribution 
of  all  types  of  agriculture,  charted  on  a  basis  of  the  statistics  of  1912.  Each 
country  has  been  divided  into  as  small  areas  as  the  information  permits,  and 
the  charts  drawn  representing  the  production  of  any  commodity — quantity, 
value,  or  acreage — are  shaded  with  dots,  each  dot  properly  placed  indicating 
a  certain  unit  quantity  produced  within  a  given  area.  The  general  shade 
produced  thus  shows  very  vividly  the  intensity  of  productiveness.  Of 
special  interest  in  this  part  of  the  world  are  the  charts  illustrating  the  number 
and  distribution  of  sheep  and  of  cattle  in  Australia  and  New  Zealand,  and 
of  wheat-growing  and  vine-growing  in  Australia.  We  are  also  informed  that 
though  Australia  leads  the  world  in  the  total  number  of  sheep  in  1912 
(she  has  since  fallen  below  the  record  set  by  the  Argentine  Republic)  New 
Zealand  ranks  next  to  Uruguay  and  Turkey  in  the  possession  of  the  greatest 
number  per  square  mile  (and  according  to  later  statistics  practically  equals 
Uruguay  in  possessing  the  greatest  number  per  head  of  population).  Besides 
the  immediate  economic  value  of  this  compilation,  it  will  be  most  useful 
in  studies  of  the  relation  of  climate  and  topography  to  production. 

W.  N.  B. 

The  Latent  Heat  of  Steam,  by  F.  B.  Aspinall.  The  Engineer,  vol.  124, 
pp.  3-4,  25,  47-48,  July  6,  13,  and  20,  1917. 

An  attempt  by  this  author  some  years  ago  to  find  the  “  missing 
quantity  ”  led  to  conclusions  so  radically  opposed  to  the  accepted 
doctrines,  founded  on  Regnault’s  experiments,  that  the  late  Dr.  Silvanus 
Thompson  brought  the  matter  before  the  City  and  Guilds  of  London 
Institution  for  Technical  Education.  This  body  made  a  liberal  grant  to 
defray  the  cost  of  experiments  carried  out  at  Finsbury  Technical  College, 
and  these  articles  are  an  epitome  of  the  results. 

The  apparatus  used  in  the  tests  is  described  with  praiseworthy  care, 
and  the  method  adopted  consisted  in  measuring  the  total  heat  of  slightly 
superheated  steam  and  applying  the  necessary  corrections.  By  this  method 
the  question  of  wetness  of  the  steam  was  overcome,  and  it  is  to  this  fact 
that  the  author  attributes  the  radical  difference  between  his  figures  and 
those  of  Regnault. 

The  conclusions  arrived  at  were — 

(1.)  The  latent  heat  of  steam  is  constant,  its  value  being  970  B.Th.LT. 

(2.)  Steam- volume  multiplied  by  steam-pressure  is  -  constant,  the  value, 
stated  in  cubic  feet  and  pounds  absolute,  being  PY  =  400. 

(3.)  Other  determinations  have  been  vitiated  by  the  steam  being  wet 
or  containing  air. 

(4.)  The  missing  quantity  is  a  mathematical  error  due  to  erroneous 
values  for  volume  and  latent  heat. 
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In  this  modest  fashion  are  announced  the  most  staggering  conclusions 
yet  formulated  in  the  region  of  thermodynamics,  having  regard  to  the 
divinity  that  hedges  in  Regnault  and  his  experiments.  Of  late  years 
an  immense  amount  of  mathematical  investigation  has  been  devoted  to 
the  analysis  of  Regnault 5s  figures,  and  considerable  “  smoothing  ”  of  his 
results  has  eventuated.  Nevertheless,  an  uneasy  suspicion  has  been  in 
evidence  as  to  the  accuracy  of  the  whole  series  of  values  in  the  steam 
tables.  This  was  partly  due  to  the  anomalous  results  of  various  trials  on 
modern  steam  turbines  with  low  vacuums,  partly  to  the  same  thing  on 
high-superheat  engines,  but  chiefly,  I  now  believe,  to  the  knowledge  of 
Aspinall’s  work  having  leaked  out  as  his  experiments  progressed.  Whether 
his  claims  will  be  substantiated  is,  of  course,  an  open  question,  but,  if 
they  are,  all  existing  steam  tables  become  valueless.  This  will  be  the  less 
disastrous  as  the  new  equations  are  so  beautifully  simple. 

S.  H.  J. 


Electric-power  Supply  in  Great  Britain.  '  Report  of  the  Committee 
appointed  by  the  British  Board  of  Trade  to  consider  the  Question 
of  Electric-power  Supply.  London  :  Cd.  9062. 

The  report  of  the  Electric-power  Supply  Committee  appointed  by  the 
British  Board  of  Trade  has  now  been  published.  The  following  is  a  state¬ 
ment  of  the  terms  of  reference  :  “To  consider  and  report  what  steps  should 
be  taken,  whether  by  legislation  or  otherwise,  to  insure  that  there  shall  be 
an  adequate  and  economical  supply  of  electric  power  for  all  classes  of  con¬ 
sumers  in  the  United  Kingdom,  particularly  industries  which  depend  upon 
a  cheap  supply  of  power  for  their  development.” 

The  conclusions  and  recommendations  arrived  at  are  summarized  in  the 
report  as  follows  : — 

(a.)  That  a  new  body,  to  be  called  the  Electricity  Commissioners,  should  be  set  up, 
to  whom  should  be  transferred  the  existing  powers  of  the  Board  of  Trade, 
Local  Government  Board,  Local  Government  Board  for  Ireland,  and  Scottish 
Office,  relating  to  the  supply  of  electricity,  and  to  whom  large  additional 
powers  should  be  given  for  regulating  and  encouraging  the  generation  and 
distribution  of  electricity.  (Paras.  29  and  30.) 

(b.)  That  the  Electricity  Commissioners  should,  subject  to  an  appeal  to  Parliament 
in  certain  cases,  have  general  control  over  the  generation  and  distribution 
of  electricity  in  the  United  Kingdom.  (Para.  71.) 

(c.)  That  the  existing  system  under  which  electricity  is  separately  generated  for 
small  areas  should  be  abolished.  (Paras.  11  and  32.) 

(d.)  That  the  Electricity  Commissioners  should,  after  local  inquiries,  divide  the 
United  Kingdom  into  districts  technically  suitable  for  the  economical  gene¬ 
ration  and  distribution  of  electricity.  (Paras.  31  and  32.) 

(e.)  That  in  each  electrical  district  a  District  Electricity  Board  should  be  set  up 
which  should  purchase  all  generating-stations  of  authorized  distributors, 
whether  local  authorities,  companies,  or  power  companies.  (Paras.  37  to  40, 
48  to  53,  and  56.) 

(/.)  That  the  District  Electricity  Board  should  be  responsible,  by  themselves  or 
their  lessees,  for  the  future  generation  of  electricity  in  their  district,  and 
for  the  establishment  of  new  generating-stations  and  proper  systems  for 
the  main  transmission  of  electricity  in  their  district.  (Paras.  44  to  47  and 
58  to  64.) 

(g.)  That  existing  electrical  undertakers  should,  if  they  so  desire,  retain  their  power 
of  distributing  electricity  within  their  local  areas,  but  should  purchase 
electricity  in  bulk  from  the  District  Electricity  Boards  or  their  lessees,  due 
provisions  being  made  for  controlling  the  profits  of  distributors  so  as  to 
ensure  a  cheap  supply  of  electricity  to  consumers.  (Paras.  65  to  68.) 

( h .)  That  District  Electricity  Boards  should  make  no  divisible  profits.  (Para.  47.) 
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(i.)  That  District  Electricity  Boards  should  be  financed,  in  whole  or  in  part,  by 
funds  raised  with  Government  assistance,  except  where  it  is  shown  to 
be  desirable  and  practicable  to  finance  the  Boards  locally.  (Paras.  51 
and  56  ( g ).) 

(j.)  The  largely  extended  powers  should  be  granted  for,  inter  alia,  (a)  The  use  of 
overhead  wires ;  ( b )  wayleaves  ;  (c)  acquisition  of  water-rights.  (Paras.  76 
to  79  and  81.) 

The  scheme  recommended  by  the  committee  is  practically  a  scheme 
for  the  nationalization  of  electric-power  supply,  and  its  development  under 
Commissioners  appointed  for  the  purpose  on  such  a  comprehensive  scale 
as  to  ensure  the  object  set  forth  by  the  terms  of  reference — that  there  shall 
be  an  adequate  and  economical  supply  of  electric  power  for  all  classes  of 
consumers  in  the  United  Kingdom. 

A  number  of  principles  which  are  of  universal  application  are  contained 
in  the  report,  and  for  that  reason  are  herein  reproduced  : — 

Page  4,  clause  4 

“The  supply  of  such  power  is  now  seen  to  be  virtually  as  essential  as  labour 
and  materials  in  so  far  as  it  affects  economical  production.  The  value 
of  the  application  of  electricity  to  practically  all  classes  of  machinery 
and  processes  has  been  increasingly  demonstrated  in  a  striking  manner 
during  the  war,  especially  in  the  manufacture  of  munitions  and  other 
work  of  national  importance,  while  the  rapid  expansion  of  munition- 
factories  was  only  rendered  possible  by  its  aid.  The  extent  to  which 
electricity  may  be  further  applied  to  cheaper  and  better  mechanical  pro¬ 
duction,  to  improved  railway  service,  to  electro-chemical  and  metallurgical 
processes,  to  agriculture,  and  to  domestic  labour-saving  apparatus  is 
altogether  incalculable.” 

Page  6,  clause  15  : — 

“The  efficiency  and  wide  extension  of  the  gas  industry  has  also  to  some  extent 
accounted  for  the  fact  that  electrical  progress  has  been  slower  than  might 
have  been  expected,  especially  in  the  smaller  towns  and  villages.  The 
most  pressing  need  for  electrical  development  is  in  those  directions  in 
which  gas  can  least  efficiently  compete.  We  were  glad  to  hear  from 
important  witnesses  representing  the  gas  interests  that  they  look  forward 
to  more  mutual  assistance  in  the  future  between  gas  and  electricity  under¬ 
takings  in  the  public  interest.” 

Page  6,  clause  17  : — 

“  To  sum  up  as  regards  the  present  position,  the  evidence  given  before  us  was 
unanimous  in  declaring  it  to  be  unsatisfactory,  and  the  opinion  of  practi¬ 
cally  every  witness  was  that  something  must  be  done,  and  as  speedily  as 
possible.  Our  investigation  confirms  fully  the  opinion  of  the  Coal  Con¬ 
servation  Sub-Committee  and  the  Electrical  Trades  Committee  regarding 
prevailing  conditions,  and  leads  us  unanimously  to  the  conclusion  that 
the  present  state  of  affairs  is  contrary  to  the  national  interest,  wasteful 
of  fuel  resources,  deprives  industries  of  the  advantage  which  a  well-devised 
system  of  generation  and  distribution  of  electricity  would  give,  and  thereby 
handicaps  them  in  competition  with  other  countries.” 

Page  6,  clause  19  : —  .  . 

“Where  power  is  distributed N electrically  from  central  stations,  the  capital 
required  for  starting  new  industries  will  be  considerably  less  than  where 
such  power  does  not  exist.  Intending  manufacturers  need  not  expend 
capital  on  a  separate  prime  mover.  They  can  at  much  less  expense  install 
an  electric  motor  or  motors,  and  can  add  further  motors  as  the  business 
develops.  Available  building-space  can  be  better  utilized,  and  where 
individual  electric  drives  are  employed  lighter  and  cheaper  buildings  may 
be  erected.” 

Page  6,  clause  20 

“  The  Coal  Conservation  Sub-Committee’s  investigations  have  shown  that  in 
the  United  States  of  America  the  amount  of  power  used  in  industries, 
expressed  in  terms  of  the  number  of  operatives  employed,  is  greater  than 
in  this  country.  In  practically  all  our  industries  the  horse-power  per 
operative  could  be  increased  with  advantage  both  to  capital  and  to  labour, 
as  is  shown  by  the  results  obtained  in  the  United  States  of  America,  where 
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both  the  ‘  net  output  ’  per  operative  employed  and  the  standard  rates  of 
wages  are  higher.  The  greater  speed  of  machine  tools,  and  their  control 
during  effective  and  ineffective  parts  of  any  particular  operation,  enable 
not  only  a  larger  return  to  be  obtained  upon  the  capital  invested,  but 
also  enable  the  operator  to  produce  more  in  a  given  time.  Electric  power 
has  a  great  advantage  in  its  facility  of  application,  range  of  speed,  &c., 
possessed  by  no  other  form  of  power.  The  provision  and  utilization  of 
cheap  power  is  one  of  the  best  methods  for  enabling  increased  wages  to 
be  earned,  while  its  more  extended  use,  assuming  it  be  produced  cheaply, 
assists  the  manufacturer  to  meet  increasing  cost  of  labour.” 

Page  7,  clause  23  : — 

“  Our  land  is  not  favoured  by  immense  available  water-power,  as  in  Canada, 
the  United  States,  Norway,  and  elsewhere,  but,  having  in  view  the  volume 
and  comparative  concentration  of  our  industries,  which  will  enable  losses 
in  transmission  of  electricity  to  be  minimized,  there  is  every  reason  to 
believe  that  with  well-situated  modern  generating-stations,  based  upon 
coal  as  fuel,  and  by  the  pooling  and  centralization  of  electrical  generation, 
we  shall  be  able  to  compete  with  many  places  where  water-power  is  used, 
and  at  least  to  equal  in  cheapness  of  power  most  of  our  foreign  manu¬ 
facturing  competitors.” 

Page  7,  clause  24  : — 

<•  We  have  been  impressed  by  the  evidence  placed  before  us  in  regard  to  the 
North-east  Coast  system.  The  costs  of  the  electricity  delivered  over  this 
wide  area  bear  out  in  practice  the  contention  as  to  the  advantages  to  be 
gained  by  centralization  of  the  control  of  generation  and  main  trans¬ 
mission  over  large  areas.  There  are  instances  in  the  country  of  low  costs 
in  small  areas  where  the  load  is  very  concentrated,  but  the  object  to  be 
kept  in  view  is  not  merely  to  have  exceptionally  low  costs  in  one  or  two 
small  and  specially  favoured  spots,  but  rather  to  have  the  same  or  lower 
costs  available  over  wide  industrial  areas.” 

Page  16,  clause  86  : — 

“■  The  economy  in  fuel  which  would  result  from  combined  generation  of 
electricity  has  been  dealt  with  at  length  in  the  report  of  the  Coal  Con¬ 
servation  Sub-Committee.  They  say,  ‘  If  the  coal  so  saved  were  used 
for  the  production  of  further  power,  it  would  be  possible  to  generate  con¬ 
tinuously  not  less  than  15,000,000  horse-power,  which  would  more  than 
compensate  for  the  absence  of  large  water-powers  in  this  country  and  admit 
of  the  manufacture  here  of  many  products  which  are  at  present  only  made 
in  America  and  on  the  Continent  ’  (p.  5,  para.  10).” 

Page  16,  clause  86  : — 

“  The  Electrical  Trades  Committee  in  their  report  state  that  the  national 
advantages  to  be  gained  from  a  well-planned  scheme  of  reconstruction  will 
be  inestimable.  They  say,  ‘  The  items  which  are  capable  of  reasonable 
calculation,  such  as  saving  in  fuel,  reduction  in  factory  costs,  and  increased 
output,  will  together  represent  not  less  than  £100,000,000  per  annum  ’ 
(p.  6)  ;  and  again,  ‘  Witnesses  of  high  authority  estimate  the  loss  incurred 
by  the  nation  through  failure  to  take  full  advantage  of  electrical  progress 
at  not  less  than  £100,000,000  a  year,  a  loss  preventable  by  concentrating 
generating  under  improved  administration.’ ” 

It  should  be  noted  that  notwithstanding  the  abundance  of  coal  in  Great 
Britain  the  need  of  economizing  coal  is  stressed  by  the  committee,  and  the 
startling  conclusion  is  arrived  at  that  the  coal  which  could  be  saved  by 
generating  power  in  a  number  of  large  well  -  selected  centralized  power- 
stations  on  a  comprehensive  national  system  instead  of  under  the  present 
haphazard  system  would  be  sufficient  to  generate  continuously  as  much 
as  15,000,000  horse-power.  It  should  be  noted  also  that  the  committee 
recommend  the  acquisition  of  water-rights  by  the  Electricity  Commissioners 
whom  it  is  proposed  to  appoint. 

The  method  of  control  is  rather  a  complicated  one,  but  this  is  due  to 
the  necessity  of  co-ordinating  a  large  number  of  interests  which  are  already 
in  existence  and  created  on  a  local  rather  than  on  a  national  scale. 

E.  P. 
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CORRESPONDENCE. 

The  Specific  Gravity  of  Ice. — Moisture  in  Frozen  Meat. 

Sir, — In  the  last  issue  of  The  N.Z.  Journal  of  Science  and  Technology 
(Nov.,  1918)  Mr.  G.  L.  D.  James,  in  his  interesting  article  “  The  Efficiency 
of  the  Frozen-meat  Industry,”  makes  the  statement  (p.  344)  that  freezing 
increases  the  volume  of  water  one-seventh.  Possibly  Mr.  James  intended 
to  write  “  one-eleventh  ”  instead  of  “  one-seventh.”  On  consulting 
numerous  authorities  (1906  and  earlier)  I  find  an  extraordinary  diversity 
of  statements,  according  to  which  the  expansion  of  water  in  freezing  may 
be  anything  from  rather  less  than  one-seventh  to  less  than  one-twentieth 
of  its  volume.  The  highest  specific  gravity  found  is  in  Molesworth’s  Pocket 
Book  of  Engineering  Formulae ,  where,  on  the  authority  of  de  Mairan, 
it  is  stated  that  the  specific  gravity  of  (ordinary)  ice  is  0*926  ;  that 
of  ice  made  from  water  free  from  air,  &c.,  is  0*954.  Can  it  be  that  so 
important  a  physical  constant  as  the  expansion  of  water  during  freezing 
has  not  yet  been  accurately  and  authoritatively  determined  ?  Several 
well-known  text-books  are  apparently  not  correct  on  this  point.  As  a 
rule,  they  mention  the  “  exact  experiments  ”  of  Bunsen,*  who  determined 
the  specific  gravity  of  ice  at  0°  C.  to  be  0*91674,  that  of  water  at  0°  C. 
being  the  unit,  but  fail  to  give  details  of  the  experiments,  or  to  hint  at  the 
variation  caused  by  included  gases. 

An  obvious  slip  of  the  pen  makes  Mr.  James  say,  “About  70  per  cent, 
of  the  moisture  in  meat  is  water,”  his  intention  evidently  being  to  say 
that  meat  contains  about  70  per  cent,  of  water.  From  a  consumer’s 
point  of  view  the  loss  of  a  few  per  cent,  of  this  moisture  does  not  appear 
to  be  any  great  misfortune.  In  fact,  the  moie  moisture  that  can  be 
removed  the  less  the  cost  of  carriage  ought  to  be,  and,  I  fancy,  the  better 
the  meat  will  keep  after  thawing.  Apparently  the  only  real  loss  of  food 
in  the  frozen-meat  trade  under  ordinary  conditions  is  the  loss  through 
“  railing  and  droving,”  which  takes  place  before  the  stock  enter  the 
freezing- works.  (I  wonder  what  becomes  of  the  animals,  equivalent  to 
173,000  carcases  of  601b.  each,  “  lost  ”  in  this  way.)  As  for  the  possibly 
excessive  empirical  deductions  made  by  middlemen  for  loss  of  weight 
owing  to  moisture-evaporation,  that  is  another  matter,  which  can  be  very 
easily  checked,  as  Mr.  James  suggests,  by  the  use  of  weighing-machines. 

P.  G.  Morgan. 

Wellington,  31st  December,  1918. 

*  H.  E.  Roscoe  and  C.  Schorlemmer,  A  Treatise  on  Chemistry,  vol.  1,  p.  298, 
1905.  Reference  given  to  Phil.  Mag.,  vol.  41,  p.  165,  1871.  [An  attempt  to  follow  up 
this  reference  brings  out  the  astonishing  fact  that  the  only  set  of  the  Philosophical 
Magazine  in  Wellington  is  very  incomplete,  and  that  the  volume  for  1871  is  not 
available.  Such  is  the  condition  of  scientific  libraries  in  New  Zealand  ! — Ed.] 


By  Authority:  Marcus  F.  Marks,  Government  Printer,  Wellington. — 1919. 

[1,800/12/18—18055 


SCIENTIFIC  PUBLICATIONS — continued. 

GEOLOGICAL  SURVEY  OF  NEW  ZEALAND.  Reports  for  1879-80,  1881,  1882, 
1887-88,  1888-89,  1890-91,  and  1892-93v  Royal  8vo.  2s.  6d.  each.  Later  reports 
are  contained  in  Mining  Reports  each  year. 

GEOLOGY  OF  NEW  ZEALAND.  By  P.  Marshall,  D.Sc.,  &c.  Demy  8vo.  Cloth 
boards,  4s. 

GEOLOGY  OF  THE  SOUTH-WEST  PART  OF  NELSON  AND  THE  NORTHERN  PART 
OF  WESTLAND.  By  Alexander  McKay,  F.G.S.  1897.  Is. 

HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £ 2 . 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  *,  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND.  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  10s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 
MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6 :  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1901. 
Illustrated.  By  Alexander  McKay,  F.G.S.  Paper  covers,  Is. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  10s. 

Orders  should  be  addressed  to — 

GOVERNMENT  PRINTER, 

WELLINGTON. 


BOARD  OF  SCIENCE  AND  ART  BULLETIN  No.  1  :  New  Zealand  Brown  Coals. 
By  H.  Rands,  M.A.,  B.Sc.,  and  W.  O.  R.  Gilling,  M.A.,  B.Sc.  2s. 

Orders  should  be  addressed  to — 

THE  DIRECTOR, 


DOMINION  MUSEUM. 


THE  NEW  ZEALAND 

JOURNAL  OF  SCIENCE 

AND 

TECHNOLOGY. 


CONTENTS. 


EDITORIAL:—  Page 

Training  Research  Workers  . .  . .  . .  . .  . .  . .  1 

ARTICLES:— 

C.  CHILTON.  Destructive  Boring  Crustacea  in  New  Zealand  ..  ..  3 

R.  HAEUSLER.  Notes  on  the  Acclimatization  of  Birds  ..  ..  '  ..  16 

S.  H.  JENKINSON.  Balancing  of  Locomotives  ..  ..  ..19 

W.  N.  BENSON.  A  Review  of  Recent  Researches  on  the  Mesozoic  Floras  of 

Australasia  . .  . .  . .  . .  . .  . .  . .  29 

P.  0.  MORGAN.  Permo=Carboniferous  (Maitai)  Rocks  of  the  Eastern  Part  of 
the  South  Island  of  New  Zealand  . .  . .  . .  . .  . .  33 

E.  BEST.  A  Maori  Fish=trap  showing  Unusually  Fine  Workmanship  . .  35 


ASTRONOMICAL  NOTES:— 

The  Combined  Magnitude  of  Double  or  Multiple  Stars.  The  Origin  of  New 
Stars.  On  the  Character  of  the  Spectral  Lines  due  to  a  Sphere  or  Spherical 
Shell  of  Transparent  Luminous  Gas  expanding  uniformly  . .  38 

DEPARTMENTAL  REPORTS  :— 

H.  F.  SKEY.  Magnetic  Observatory,  Christchurch. — Seismological  Records  . .  41 

P.  G.  MORGAN  and  J.  HENDERSON.  Chrome=iron  Ore,  Mica,  and 
Tungsten*  ore  in  New  Zealand  ..  ..  . .  ..  ..43 

UNIVERSITY  AND  SCIENTIFIC  NEWS:— 

New  Zealand  Institute  Science  Congress  (Provisional  Programme).  Scientific 
and  Industrial  Research.  Anthropology  at  the  University  of  Otago. 
Lima  huttoni  H.  Woods  becomes  Lima  (Limatula)  ivoodsi  Sut.  . .  51 

REVIEWS  AND  ABSTRACTS:— 

Conditions  of  Deposition  on  the  Continental  Shelf  and  Slope.  An  Atlas  of 
the  World’s  Agriculture.  The  Latent  Heat  of  Steam.  Electric=power 
Supply  in  Great  Britain  . .  . .  . .  . .  . .  ..59 

CORRESPONDENCE  :— 

The  Specific  Gravity  of  Ice. — Moisture  in  Frozen  Meat  . .  . .  . .  64 


NOTICES. 

SUBSCRIPTIONS. — The  Journal  will  be  issued  six  times  a  year.  Subscription,  payable 
in  advance  and  including  postage,  6s.  per  annum  ;  single  copy,  Is.  6d.  Subscriptions 
should  be  forwarded  by  money=order  to  the  Director,  Dominion  Museum,  Wellington. 
Subscribers  are  requested  to  furnish  their  full  names  and  addresses. 

CORRESPONDENCE. —  All  communications  relative  to  the  Journal  should  be 
addressed  to  the  Editor,  Dominion  Museum,  Wellington. 


Registered  at  G.P.O.,  Wellington,  as  a  Magazine. 


aMMaMMBiMHBinCS 

I 


THE  NEW  ZEALAND  BOARD  OF  SCIENCE  AND  ART. 


THE 

NEW  ZEALAND 

JOURNAL  OF  SCIENCE 

AND 

TECHNOLOGY. 


Edited  bv 

Dr.  ].  ALLAN  THOMSON  ; 

Assisted  by 

Dr.  C.  A.  COTTON,  Messrs.  S.  H.  jENKINSON  and  EVAN  PARRY, 

Wellington, 

Professor  A.  P.  W.  THOMAS,  Auckland, 

Professors  C.  CHILTON  and  R.  J.  SCOTT,  Christchurch, 

AND 

Professor  W.  B.  BENHAM,  Dunedin. 


Issued  under  the  authority  of  the  Hon.  G.  W.  RUSSELL, 
Minister  of  Internal  Affairs. 


vol.  ii.— No.  2.  March,  1919. 

WELLINGTON,  N.Z. 

By  Authority  :  Marcus  F.  Marks,  Government  Printer. 

1919. 

— ^ - - 

v  ./Annual  Subscription,  6s.  ;  Single  Copy,  Is.  6d. 

CONTENTS  ON  PAGE  4  OF  COVER. 


SCIENTIFIC  PUBLICATIONS. 


THE  following  Scientific  Works,  published  undei  the  authority  of 
the  New  Zealand  Government,  are  now  on  sale  at  the  Stationery 
Department,  Wellington,  and  will  be  transmitted  at  the  published 
price  to  any  address  in  the  Dominion. 


BIOLOGICAL  EXERCISES.  (1  and  2  out  of  print.)  3.  The  Anatomy  of  the  Common 
Mussels.  4.  The  Skeleton  of  the  New  Zealand  Crayfishes.  Is.  each. 

DICTIONARY  OF  THE  MAORI  LANGUAGE.  By  Herbert  W.  Williams,  M.A.  Cloth 
boards,  20s. 

ECONOMIC  MINERALS  IN  NEW  ZEALAND,  and  other  Papers.  By  Frank  Reed. 
M.Inst.M.E.  6d. 

GEOGRAPHICAL  REPORT  ON  THE  FRANZ  JOSEF  GLACIER.  By  J.  M.  Bell.  Is. 

GEOLOGICAL  BULLETIN  No.  I  :  The  Geology  of  the  Hokitika  Sheet,  North  Westland 
Quadrangle.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  2  :  The  Geology  of  the  Area  covered  by  the  Alexandra 
Sheet,  Central  Otago  Division.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  3  :  The  Geology  of  the  Parapara  Subdivision,  Karamea, 
Nelson.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  4  :  The  Geology  of  the  Coromandel  Subdivision,  Auck¬ 
land.  By  Colin  Fraser,  assisted  by  J.  H.  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  5  :  The  Geology  of  lhe  Cromwell  Subdivision,  Western 
Otago.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  6  :  The  Geology  of  the  Mikonui  Subdivision,  North  West- 
land.  By  P,  G.  Morgan.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  8  :  The  Geology  of  the  Whangaroa  Subdivision, 
Hokianga  Division.  By  J.  M.  Bell  and  E  de  C.  Clarke.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  9  £  The  Geology  of  the  Whatatutu  Subdivision,  Rau- 
kumara  Division,  Poverty  Bay.  By  James  Henry  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  10  :  The  Geology  of  the  Thames  Subdivision,  Hauraki, 
Auckland.  By  Colin  Fraser.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  II  The  Geology  of  the  Mount  Radiant  Subdivision, 
Westport  Division.  By  Ernest  John  Herbert  Webb.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  12  :  The  Geology  of  the  Dun  Mountain  Subdivision, 
Motupiko  Division,  Nelson.  By  J.  M.  Bell,  E.  de  C.  Clarke,  and  P.  Marshall. 

2s.  6d. 

GEOLOGICAL  BULLETIN  No.  13  :  The  Geology  of  the  Greymouth  Subdivision,  North 
Westland  Division,  Westland.  By  P.  G.  Morgan.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  14  :  The  Geology  of  the  New  Plymouth  Subdivision, 
Taranaki  Division.  By  E.  de  C.  Clarke.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  IS  :  The  Geology  of  the  Waihi-Tairua  Subdivision, 
Hauraki  Division.  By  J.  M.  Bell  and  C.  Fraser.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  16  :  The  Geology  of  the  Aroha  Subdivision,  Hauraki. 
By  J.  Henderson,  assisted  by  J.  A.  Bartrum.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  17  :  The  Geology  and  Mineral  Resources  of  the 
Buller-Mokihinui  Subdivision,  Westport  Division.  By  P.  G.  Morgan  and  J.  A. 
Bartrum.  5s. 

GEOLOGICAL  BULLETIN  No.  18  :  The  Geology  and  Mineral  Resources  of  the  Reefton 
Subdivision,  Westport  and  North  Westland.  By  J.  Henderson.  Ss. 

GEOLOGICAL  BULLETIN  No.  19 :  The  Geology  of  the  Tuapeka  District,  Central 
Otago  Division.  By  P.  Marshall.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  20 :  The  Geology  of  the  Oamaru  District,  North 
Otago  (Eastern  Otago  Division).  By  James  Park.  2s.  6d. 

GEOLOGICAL  SURVEY  OF  NEW  ZEALAND.  Reports  for  1881,  1882,  1887-88, 
1888  89,  and  1892-93.  Royal  8vo.  2s.  6d.  each.  Later  reports  are  contained  in 
Mining  Reports  each  year. 

GEOLOGY  OF  NEW  ZEALAND.  By  P.  Marshall,  D.Sc.,  &c.  Demy  8vo.  Cloth 
boards,  4s. 

GEOLOGY  OF  THE  SOUTH-WEST  PART  OF  NELSON  AND  THE  NORTHERN  PART 
OF  WESTLAND.  By  Alexander  McKay,  F.G.S.  1897.  Is. 


THE  NEW  ZEALAND 


JOURNAL  OF  SCIENCE 


AND 

TECHNOLOGY. 

]g»  O  n  f""*- --v  '  •  ~ 

Vol.  II.  WellingtoJiU  March,  1919.  No.  2. 

(  ^JUN5-fgf9  Y 

SOME  ESTIMATES  ,’  OFC^E  AGE  OF  THE  EARTH. 

By  W.  N.  Benson,  B.A.,  D.Sc.,  F.G.S.,  Professor  of  Geology,  University 

of  Otago. 

During  the  past  few  decades  there  have  been  several  attempts  to  express 
numerically  the  probable  age  of  the  earth.  Lyell  and  Darwin  guessed  that 
it  was  perhaps  more  than  200  millions  of  years,  and  other  geologists  were 
inclined  to  “  draw  unlimited  drafts  on  the  bank  of  time,”  but  were  checked 
by  Kelvin’s  declaration  that  the  consideration  of  the  present  rate  of  loss 
of  heat  from  the  earth  showed,  upon  certain  assumptions,  that  the  pro¬ 
bable  age  of  the  earth  was  not  more  than  20  millions  of  years,  or,  according 
to  Tait,  only  half  that  figure.  These  estimates  few  geologists  could  accept, 
feeling  sure  that  some  error  had  been  involved  in  the  assumptions  upon 
which  they  were  based. 

The  geological  estimates  rested  on  the  measurement  of  the  rate  of 
deposition  of  sedimentary  rocks  at  the  present  time,  and  the  thickness  of 
all  sedimentary  rocks  ;  or  the  annual  addition  to  the  ocean  by  river-waters 
of  dissolved  salts  derived  from  the  weathering  of  rocks,  and  the  estimation 
of  the  total  amount  of  such  derived  salts  in  the  ocean.  These  arguments 
at  first  assumed  that  the  present  intensity  of  geological  processes  might  be 
considered  as  equal  to  the  average  intensity  of  such  activities  in  past 
times.  Estimates  on  these  assumptions  showed  a  probable  age  for  the 
earth  of  rather  less  than  100  millions  of  years. 

Recently,  however,  the  physicists  have  again  attacked  the  estimates  of 
geologists,  this  time  to  declare  them  far  too  low,  and  to  suggest  as  more 
probable  a  figure  fifteen  times  as  great.  The  error  in  Kelvin’s  assumption, 
it  is  explained,  was  shown  when  the  presence  of  radium  was  discovered  in 
the  crust  in  sufficient  amount  to  account,  by  its  heat  of  transformation,  for 
the  heat  that  is  steadily  lost  by  radiation  from  the  earth.  In  effect,  they 
said,  “  The  earth  is  not  gradually  cooling,  it  is  being  kept  on  the  hob.”  But 
the  significance  of  the  discovery  of  radio-activity  in  this  connection  has  now 
to  be  extended.  The  element  uranium  is  steadily  breaking  down,  with  the 
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formation  of  the  gas  helium  and  of  lead  as  the  final  products,  radium  itself 
being  a  comparatively  short-lived  intermediate  product  in  the  change.  This 
transformation  appeared  to  be  the  one  chemico-physical  process  that  is 
absolutely  unaffected  by  conditions  of  pressure,  temperature,  or  state  of 
chemical  combination.  If,  then,  we  know  the  rate  of  change,  and  have  a 
uranium-bearing  mineral  that  was  originally  completely  free  from  lead  or 
helium,  the  ratios  between  the  present  amounts  of  either  of  these  elements 
and  the  residual  uranium  (supposing  all  products  to  have  been  retained 
within  the  mineral)  will  indicate  the  length  of  time  the  transformations 
have  been  in  progress — that  is,  the  age  of  the  mineral.  On  this  assump¬ 
tion  several  physicists,  notably  Boltwood,  and  geologists,  notably  Holmes, 
have  made  collections  and  analyses  of  uranium-bearing  minerals  of  which 
the  geological  age  is  known,  and  there  is  a  remarkable  concordance  between 
their  relative  ages  and  the  ratios  of  lead  to  uranium.  Owing  to  the  escape 
of  the  helium,  the  ratios  of  the  helium  to  uranium  cannot  be  expected  to 
vary  so  consistently  ;  and,  as  a  matter  of  fact,  Strutt  has  shown  that  such 
inconsistencies  occur. 

Arguing  from  the  most  recent  determination  of  the  rate  of  derivation 
of  lead  from  uranium,  the  following  are  the  figures  that  have  been  assigned 
to  the  main  divisions  of  geological  time,  a  more  elaborate  table  being  given 
by  Barrell  in  the  paper  cited  below  : — 

From  the  present  to  the  commencement  of  Tertiary  times,  55  to  65 
millions  of  years  ; 

From  the  present  to  the  commencement  of  Mesozoic  times,  190  to 
240  millions  of  years  ; 

From  the  present  to  the  commencement  of  Palaeozoic  times,  550  to 
700  millions  of  years  ; 

From  the  present  to  the  period  of  intrusion  of  the  oldest  granites, 
about  1,400  millions  of  years. 

The  remarkable  concordance  of  the  relative  ages  determined  by  this 
method  with  the  results  of  geological  investigation  predisposes  one  in 
favour  of  this  method  of  age-determination,  and,  indeed,  it  has  been  used 
by  Holmes  to  determine  the  relative  ages  of  the  pre-Cambrian  formations 
of  Mozambique  with  apparently  encouraging  results.  The  mineral  which 
is  most  frequently  studied  to  find  the  ratio  of  lead  to  uranium  is  zircon, 
in  which  the  uranium  is  present  in  small  quantity  only.  It  would  be 
of  very  great  interest  to  collect  and  analyse  as  many  samples  of 
zircon  as  could  be  obtained  from  known  sources  in  New  Zealand,  for  the 
ratio  so  determined  might  aid  in  fixing  the  geological  age  of  the  schists 
and  granites  which  have  been  assigned  by  geologists  to  very  widely 
different  periods. 

But  how  can  these  long  periods  be  reconciled  with  the  results  of  the 
various  chemico-geological  methods  of  estimating  the  age  of  the  earth  ? 
This  is  the  problem  that  Professor  Barrell  has  considered  in  his  recent 
paper  entitled  “  Rhythms  and  the  Measurement  of  Geological  Time  ”  [Bull. 
Geol.  Soc.  America,  vol.  28,  pp.  745-904,  1917).  He  believes  that  there  is 
in  these  earlier  geological  estimates  a  fundamental  error,  which  lies  in  the 
assumption  that  the  present  conditions  represent  the  average  intensity  of 
geological  process  during  the  past.  Geological  activities,  he  holds  (as  do 
the  majority  of  geologists  also),  have  not  an  approximately  constant  value, 
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as  the  doctrine  of  uniformity  supposed,  but  have  been  fluctuating.  Such 
fluctuation,  he  thinks,  has  been  rhythmical,  and  has  been  growing  more 
rapid  and  more  extreme.  When  we  study  the  sedimentary  record  of  such 
a  continent  as  North  America  we  see  how  preponderating  in  the  past  were 
the  conditions  of  wide-spreading  shallow  seas  and  lands  of  relatively  smaller 
area  and  lower  relief  than  at  present,  which  would  make  smaller  contribu¬ 
tion  of  detrital  sediment  or  dissolved  salt  to  the  ocean.  The  present  time, 
therefore,  should  be  one  of  abnormally  large  land  area  and  high  relief,  for 
the  earth  has  but  recently  passed  through  a  stage  of  continental  emergence 
and  the  building  of  immense  folded  ranges.  Sedimentation  and  weathering- 
are  now  unusually  rapid.  Moreover,  he  contends,  the  earlier  geological 
estimates  fail  to  take  proper  account  of  the  great  dependence  of  sedimenta¬ 
tion  on  continenta1  areas  upon  steady  subsidence,  and  the  same  material 
was  probably  deposited  and  removed  many  times  before  it  came  finally  to 
rest.  There  is  thus  not  sufficient  allowance  for  the  innumerable  gaps, 
small  or  great,  that  appear  in  the  record.  The  occurrence  of  fairly 
rhythmical  fluctuations  of  conditions  of  climate  and  land-elevation  during 
the  past  is  inferred  from  the  fluctuating  changes  of  the  sediments  that  were 
laid  down.  Hence  he  concludes  that  the  sedimentary  record,  and  the 
saline  contents  of  the  ocean,  so  far  from  opposing  the  physico-chemical 
age-estimates,  are,  if  rightly  interpreted,  rather  in  support  of  such 
immense  figures.  The  discussion  is  a  most  interesting  one,  but  perhaps 
the  reader  may  be  pardoned  if  he  feels  that  at  times  the  argument  is 
rather  forced. 

If  we  grant,  then,  that  the  earth  has  an  age  of  over  1,000  millions  of 
years,  we  are  brought,  as  Professor  Barrell  shows,  face  to  face  with  a  still 
greater  problem — the  age  of  the  sun.  If  the  sun’s  heat  is  maintained,  as 
was  formerly  supposed,  by  the  gravitational  condensation  of  its  parts,  it 
could  not  have  continued  its  present  rate  of  heat-radiation  for  more  than 
50  millions  of  years.  Yet  the  geological  record  shows  that  from  the  earliest 
times  of  which  we  have  adequate  information  the  fluctuations  of  tempera¬ 
ture  on  the  earth’s  surface  have  been  within  the  present  narrow  range  of 
climatic  conditions,  though  the  glacial  or  hot  and  arid  conditions  have  been 
sometimes  more  widespread,  sometimes  less  so,  than  at  present.  The 
superficial  atmospheric  temperatures  on  the  earth  appear  to  depend  almost 
entirely  on  the  solar  radiation.  Either,  then,  the  estimate  of  the  age  of 
the  earth  given  is  many  times  too  great,  or  the  hypothesis  of  gravitational 
contraction  as  the  source  of  solar  heat  does  not  account  for  more  than  a 
very  small  fraction  of  the  solar  radiation.  “  Even  if  we  consider  the  sun’s 
heat  largely  the  result  of  radio-active  transformations,  by  no  possibility  can 
more  than  one-third  of  it  be  accounted  for  by  the  changes  of  radium  and 
thorium.  We  must  postulate  other  and  unknown  atomic  and  molecular 
disintegrations  supplying  more  heat.  Such  suppositions  only  emphasize 
our  ignorance  of  the  cosmic  processes.  The  scheme  of  the  universe  is  more 
profound,  and  the  unknown  a  little  nearer  than  it  was  recently  thought 
to  be.” 

Here,  then,  is  the  great  difficulty.  If  the  age-estimate  thus  deduced 
from  radio-active  transformations  is  correct  we  are  thrown  back  upon  diffi¬ 
culties  greater  than  were  seen  before.  One  recalls  the  encouraging  words 
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of  Professor  Page  (“A  Century’s  Progress  in  Physics,”  Amer.  Jour.  Science , 
July,  1918)  :  “  That  science  is  stagnant  whose  only  function  is  to  collect, 
classify,  and  correlate  vast  stores  of  experimental  data.  The  sign  of 
vitality  is  the  existence  of  clearly  defined  and  fundamental  problems,  any 
possible  solution  of  which  seems  irreconcilable  with  the  most  basic  truths 
of  the  science  in  question.  The  greater  the  paradox  grows,  the  more 
certain  is  the  advent  of  a  new  point  of  view  which  will  bring  one  step 
nearer  the  comprehensive  picture  of  nature  which  is  the  goal  of  natural 
philosophy.” 

Perhaps  we  may  find  in  the  present  apparent  impasse  a  way  of  progress 
in  the  suggestion  put  forward  by  that  most  ingenious  of  geological  physicists, 
Professor  Joly,  which  if  confirmed  by  further  investigation  may  go  far  to 
reconcile  the  physical  and  astronomical  age- estimates  with  the  period  of 
100  millions  of  years  that  Professor  Joly  with  other  geologists  has  shown 
on  chemico-geological  considerations  to  be  fairly  probable  ( Nature ,  Aug.  2 
and  9,  1917,  esp.  pp.  477-79).  The  element  thorium  goes  through  a  series 
of  changes  analogous  to  those  of  uranium,  yielding  also  as  a  final  product 
a  form  of  lead.  Yet  if  we  measure  the  age  of  minerals  by  the  ratio  of 
thorium  to  lead  we  find  (as  was  shown  by  Professor  Soddy  in  the  case  of 
thorite  from  Ceylon)  that  the  age  of  pre-Cambrian  rocks  appears  to  be  only 
140  millions  of  years,  or  a  tenth  of  that  indicated  by  the  ratio  of  uranium 
to  lead.  Why,  then,  this  further  contradiction  ?  The  weak  point  appears 
to  be  the  fundamental  assumption  of  the  invariability  of  the  rate  of 
disintegration  of  the  uranium  atom  ;  and  this  it  is  that  Professor  Joly 
challenges.  His  evidence  is  extremely  interesting.  Every  little  crystal  of 
uranium-bearing  mineral  (usually  zircon)  that  occurs  as  an  inclusion  in  the 
brown-mica  or  biotite  of  ancient  granitic  rocks  is  found  to  be  surrounded  by 
a  dark  “  halo  ”  (containing  one  or  more  distinctly  darker  rings)  of  altered 
biotite,  produced  by  the  ionization  of  the  mica-molecule  as  a  result  of  the 
action  of  the  radiations  from  decaying  uranium  in  the  zircon.  The  diameter 
of  this  halo,  and  in  particular  of  one  of  its  rings,  is  determined  by  the  range 
of  the  alpha  particles  emitted  ;  but,  though  the  dimensions  in  question  are 
very  small,  there  seems  to  be  no  doubt  possible  but  that  the  diameter  of 
the  ring  produced  by  the  alpha  particles  is  greater  than  it  would  have  been 
had  it  been  produced  by  alpha  particles  emitted  at  the  same  speed  as  they 
are  emitted  from  the  mineral  at  the  present  time.  Now,  the  range  of  the 
alpha  particles  emitted  from  uranium  is  greater  the  more  rapid  is  the  atomic 
transformation  by  which  it  is  produced,  and  “  there  seems  no  apparent 
escape  from  the  conclusion  that  the  ring  .  .  .  has  been  formed  by  rays 

of  greater  range  than  the  average  range  of  the  rays  now  emitted.”  “  The 
measurements  of  the  uranium  halo  admit  of  the  interpretation  that  they 
indicate  the  failure  of  uranium-derived  lead  as  a  true  indicator  of  geological 
time.  For  if  the  range  of  'Ui  was  indeed  in  remote  times  longer  than  it  now 
is,  then  we  must  suppose  that  its  rate  of  decay  was  at  that  period  faster 
than  it  is  to-day.”  The  haloes  produced  by  radiation  around  minerals 
containing  thorium  do  not  appear  to  show  such  marked  discrepancies 
between  the  range,  calculated  from  the  present  molecular  activities,  and 
the  actual  measurements  of  the  diameters  of  halo-rings.  The  age-estimate 
derived  from  the  ratio  of  thorium  to  lead  should  therefore  give  a  closer 
approximation  to  the  true  figure.  “  I  am  far  from  contending,”  said 
Professor  Joly,  “  that  this  view  is  free  from  difficulties.  On  the  other 
hand,  our  ignorance  of  the  mode  of  origin  of  radio-activity  and  of  its 
possibilities  is  very  considerable.” 
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PROBLEMS  PRESENTED  BY  THE  NOTOCENE  BEDS 

OF  CENTRAL  OTAGO. 

By  C.  A.  Cotton,  D.Sc.,  F.G-.S.,  Victoria  University  College,  Wellington. 

The  beds  in  Central  Otago  which  I  have  found  it  convenient  to  term 
“  covering  strata  ”  (1916,  1917),  on  account  of  their  unconformable  junc¬ 
tion  with  a  deformed  undermass,  on  the  planed  surface  of  which  they  lie, 
have  long  been  recognized  as  a  formation  that  is  largely  non-marine.  By 
Hutton  and  by  Park  the  non-marine  beds  were  thought  to  have  accumu¬ 
lated  as  lacustrine  deposits  in  isolated  basins.  McKay,  however,  though 
he  accepted  the  lacustrine  theory,  maintained  their  former  continuity,  and 
regarded  them  as  older  than  the  depressions  in  which  they  are  now  found. 
I  have  recently  pointed  out  the  relation  between  the  attitude  of  the  cover¬ 
ing  beds  still  preserved  in  the  depressions  and  the  slopes  of  the  stripped 
or  fossil  plains  forming  the  back  slopes  of  the  tilted-block  mountains  that 
separate  the  depressions.  This  seems  to  prove  that  the  beds  were  laid 
down  prior  to  the  Kaikoura  deformation,  to  which  the  relief  forms  of 
Central  Otago  are  due,  and  definitely  assigns  them  to  the  Notocene  period 
as  defined  by  Thomson  (1917,  p.  408). 

The  object  of  the  present  note  is  to  call  attention  to  two  of  the  problems 
presented  by  these  beds,  namely  :  (1)  With  what  stage  of  the  marine  Noto¬ 
cene  are  they  to  be  correlated  ?  and  (2)  Under  what  conditions  did  they 
accumulate  ? 

The  Question  of  Correlation. — According  to  an  interpretation  of  the 
structure  in  north-eastern  Otago  favoured  by  Hutton  and  Park,  a  period 
of  folding  and  erosion  intervened  between  the  periods  of  deposition  of  the 
older  Notocene  (Cretaceous)  and  of  the  more  widely  distributed  younger 
Notocene  strata  in  this  locality.  Should  this  view  be  proved  correct  it 
may  follow  that  the  period  of  planation  during  which  a  level  floor  was 
prepared  for  the  younger  Notocene  cover  in  Otago  was  within  the  Noto¬ 
cene  (post-Cretaceous,  approximately).  Angular  unconformity  between  the 
younger  and  older  Notocene  beds  at  Shag  Point  cannot,  however,  be 
regarded  as  demonstrated,  and  the  structural  relations  of  the  latter  to 
the  great  plain  of  erosion  which  truncates  the  schists  and  greywackes 
are  unknown.  The  great  denudation  that  followed  the  post-Hokonui 
deformation  was  unquestionably  far  advanced  in  earliest  Oamaruian  time, 
whether  or  not  it  was  interrupted  by  movement  within  the  Notocene.  It 
was  pre-Oamaruian,  for  the  planed  surface  passes,  in  eastern  Otago,  directly 
under  the  Ngaparan  or  Lower  Oamaruian. 

Inland,  the  marine  fauna  which,  as  McKay  notes  (1884),  occurs  in 
the  Notocene  beds  of  a  portion  of  the  Maniototo  depression  is  probably 
Oamaruian,  though  little  is  definitely  known  about  it  as  yet ;  while  the 
development  of  a  large  area  of  basaltic  lava  sheets  which  but  for  their 
partial  removal  by  erosion  from  uplifted  areas  would  apparently  be  con¬ 
tinuous  with  the  basalts  in  the  Ototaran  of  the  Oamaru  district  affords 
another  means  of  tentative  correlation. 

Farther  inland  both  these  criteria  fail ;  and  it  is  quite  possible  that  the 
Ngaparan  terrestrial  stage  of  the  Oamaru  district  is  overlapped  inland  by 
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terrestrial  facies  of  the  higher  stages  of  the  Oamaruian  and  even  of  the 
Wanganui  an. 

It  would  serve  no  useful  purpose  to  set  out  here  the  opinions  of  various 
geologists  as  to  the  age  of  these  beds  as  expressed  in  published  maps  and 
reports  ;  but  it  may  be  mentioned  that  the  ages  as  there  set  down  range 
from  Cretaceo-Tertiary  to  Pleistocene.  These  correlations  have  been  merely 
guesswork  except  in  so  far  as  they  have  been  influenced  by  the  theory 
that  the  beds  were  laid  down  in  pre-existing  depressions,  which,  accord¬ 
ing  to  Hutton’s  view  (1885,  pp.  62,  87),  were  excavated  by  glacial  erosion 
in  the  early  Pliocene.  Little  or  no  light  is  shed  on  the  subject  by  the 
fossils  thus  far  reported — namely,  a  fresh-water  mussel,  some  diatoms  and 
leaves  (Hutton,  1885,  p  66),  and  seeds  of  Hakea  (Marshall,  1911,  p.  46). 
A  study  of  the  plant-remains  in  the  lignite-beds  might  yield  evidence  of 
great  value. 

Nature  arid  Extent  oj  the  Beds. — A  great  thickness  of  these  non-marine 
beds  is  preserved  in  the  Central  Otago  depressions.  They  are  described 
as  follows  by  McKay  : — 

“  The  lowest  beds  are  quartz  grits  and  sands,  often  auriferous.  Dark 
leafy  shales  and  thick  beds  of  brown  coal  are  associated  with  these  beds. 
Above  them  lie  white  marly  or  slaty  clays,  sometimes  of  very  considerable 
thickness  :  these  clays  and  marls  contain  fresh- water  shells,  fish  and  bird 
bones,  and  at  places  numerous  fern  and  tree  leaves.  In  the  Manu- 
herikia  Valley  marly  beds  and  occasional  beds  of  hard  stone  contain  as 
much  as  60  per  cent,  of  lime.  These  beds  are  either  gradually  succeeded 
by  sands,  greenish  clays,  and  pebble  beds,  or  suddenly  by  coarser  gravels, 
which,  alternating  with  beds  of  finer  materials,  compose  the  mass  of  the 
formation. 

“  Volcanic  rocks  are  associated  with  these  beds,  stretching  from  Hamil¬ 
ton’s  across  the  Taieri  River  to  the  base  of  the  Kakanui  Ranges  between 
the  Swinburn  and  Shag  River  near  its  source.  These  volcanic  rocks  overlie 
the  lignites  and  white  clays,  &c.,  and  underlie  the  upper  or  sandstone 
gravels  known  in  the  district  as  ‘  Maori  bottom.’  ’’  (1884,  p.  64.) 

Park  describes  the  beds  in  the  area  of  non-marine  sedimentation  as 
follows,  under  the  name  “  Manuherikia  lacustrine  series  ”  : — 

“It  is  typically  developed  in  the  Manuherikia  Basin,  where  it  consists 
of  quartz  sands  and  shales  with  lignite,  sandy  clays,  and  soft  sandstone, 
followed  by  beds  of  sandstone  gravel.  The  total  thickness  of  the  different 
strata  is  not  much  less  than  1,000  ft.”  (1910,  p.  140.) 

The  former  wide  extension  of  these  strata  over  the  areas  forming  the 
uplands  and  highlands  of  the  present  surface  is  proved  by  the  occurrence 
of  numerous  outliers  and  sarsen  stones.  Park  notes  that  quartz  gravel 
occurs  commonly  on  the  upland  surfaces  (1908,  p.  7).  To  quote  McKay, 
the  cover  seems  to  have  been  “  all  but  universal  over  the  surface  of  south¬ 
eastern,  interior,  and  north-eastern  Otago  ”  (1897,  p.  113). 

A  minimum  idea  of  the  thickness  of  these  beds  is  obtained  from  the 
record  of  a  well-boring  put  down  on  the  Maniototo  Plains  to  a  depth  of 
575  ft.,  passing  through  a  succession  of  beds  of  clay,  sand,  and  quartz 
grit,  and  penetrating  finally  a  fine  quartz  gravel  (Gordon,  1893).  A  shaft 
near  the  northern  margin  of  the  Maniototo  depression  was  sunk  to  a  depth 
of  300  ft.,  passing  for  200  ft.  through  beds  of  “  gravel,  sand,  and  silt 
derived  from  the  disintegration  of  sandstone  rocks  ;  while  the  last  100  ft. 
sunk  passed  through  white  quartz  drifts  of  a  moderately  fine  grain  and 
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somewhat  subangular  character,  and  evidently  derived  from  the  mica 
schists  ”  (Hector,  1884).  These  beds  were  horizontal  where  passed  through, 
though  the  quartz  drifts  stand  at  high  angles  at  a  point  240  yards  distant, 
being  vertical  where  in  contact  with  the  undermass  (p.  45). 

The  various  accounts  of  the  Otago  goldfields  indicate  that  a  great 
thickness  of  the  so-called  quartz  drift,  which  varies  from  quartz  grit  or 
coarse  sand  to  fine  or,  more  rarely,  somewhat  coarser  quartz  conglomerate, 
occurs  very  frequently  near,  and  sometimes  at,  the  base  of  the  sequence. 
There  is  frequently,  however,  brown  coal  and  shale  at  the  base,  and  the 
quartz  grit  may  be  relatively  thin  and  interstratified  with  beds  of  clay. 
Over  considerable  areas  a  bed  of  quartz  grit  a  few  feet  in  thickness  is 
cemented  into  a  very  hard  siliceous  conglomerate — a  veritable  quartzite. 
The  other  beds  are  relatively  very  weak,  and  it  is  this  cemented  layer 
which  survives  in  places  as  isolated  boulders — the  “  sarsen  stones  ”  pre¬ 
viously  referred  to — when  the  weak  beds  have  been  entirely  removed. 
There  is  often  a  considerable  development  of  alternating  beds  of  clay  and 
fine  sand,  forming  collectively  a  great  thickness. 

A  comparison  of  the  various  accounts  does  not  show  that  the  order 
of  succession  in  these  beds  is  constant ;  but,  always  overlying  this  series 
of  clays,  sands,  and  quartz  conglomerates,  which,  it  is  generally  agreed, 
are  derived  from  the  degradation  of  schist  rocks  similar  to  those  forming 
the  undermass  in  the  Central  Otago  area,  there  is  usually  present  a 
further  succession  of  gravels  and  sands  derived  from  sedimentary  forma¬ 
tions  similar  to  those  now  present  farther  north  and  known  familiarly 
to  New  Zealand  geologists  as  the  “  greywackes.”  It  is  possible  that  this 
change  to  greywacke  gravel  marks  the  beginning  of  the  Kaikoura  orogenic 
movements  in  the  Southern  Alps,  though  it  is  clear  that  other  parts  of  the 
South  Island  were  not  deformed  until  somewhat  later.  The  change  suggests 
a  tentative  correlation  of  the  Notocene  greywacke  gravels  of  Otago  with 
the  conglomerate  forming  the  upper  members  of  the  marine  succession 
in  the  North  Canterbury  district. 

The  quartz  grits  or  “  drifts  ”  have  been  often  examined  on  account 
of  their  auriferous  character.  McKay  (1897)  distinguished  an  “  older  ” 
(marine)  series  underlying  the  fossiliferous  marine  Oamaruian  of  the  coastal 
district,  and  a  “  newer  ”  (fresh-water)  series  which  occupies  the  greater 
portion  of  the  Central  Otago  chain  of  depressions.  It  may  be  that  such 
a  differentiation  is  possible,  the  latter  being  terrestrial  beds  contempo¬ 
raneous  with  marine  stages  developed  elsewhere  and  overlapping  the  area 
covered  by  the  former  ;  but  the  distinction  between  the  two  series  seems 
arbitrary  and  impossible  of  application. 

To  what  Extent  are  the  Beds  of  Fluviatile  Origin  ? — Basing  his  observations 
on  the  physical  conditions  obtaining  in  Otago  at  the  present  day,  McKay 
came  to  the  conclusion  that  material  such  as  that  forming  the  quartz  grit 
could  not  be  produced  by  stream-action,  but  only  by  wave-action  on  a 
beach.  The  sorting  of  the  material  of  the  “  older  ”  series  was  therefore 
ascribed  to  wave-action  on  the  ocean-beach,  and  the  “  fresh-water  ”  series 
was  supposed  to  have  been  produced  by  wave-action  in  a  large  lake  in 
the  interior.  Referring  to  this  “  fresh- water  ”  series  of  quartz  “  drifts,” 
he  wrote : — 

[At  a  large  number  of  widely  separated  localities,  mentioned  by  name] 
“  the  beds  betray  everywhere  the  same  sequence,  exhibit  the  same  character, 
and  indicate  not  a  number  of  comparatively  small  lakes,  but  a  vast  inland 
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sea  capable  of  simulating  the  greater  ocean  in  the  mode  of  treatment  and 
deposit  of  the  residue  brought  into  it  ”  (1897,  p.  107). 

Park  has  described  the  quartz  grits  as  marginal  facies  of  lacustrine 
deposits,  forming,  at  least  in  some  cases,  as  for  example  in  the  Manuherikia 
and  Ida  depressions  (1906,  pp.  18,  24),  the  closing  member  of  the  series  ; 
and  a  similar  view  was  held  earlier  by  Hector  (1869),  who  described  the 
grits  as  deltaic  deposits  filling  lakes.  McKay,  however,  has  shown  that 
the  grits  emerge  from  under  younger  beds  to  crop  out  near  the  junction 
of  the  covering  strata  with  the  rocks  of  the  undermass.  He  regards  them — 
quite  correctly,  it  would  appear — as  near  or  at  the  base  of  the  cover  as 
developed  at  such  places,  and  in  his  later  accounts  he  insisted  on  their 
wide  areal  distribution.  Elsewhere  brown  coal  occurs  in  a  similar  way 
at  the  base  of  the  sequence. 

In  all  cases  the  strata  forming  this  cover  have  every  appearance  of 
wide-spreading  rather  than  local  formations,  and  it  is  obviously  impossible 
to  explain  a  widely  extending  bed  of  fine  quartz  gravel  or  greywacke  gravel 
laid  down  with  horizontal  bedding  as  a  lacustrine  deposit.  The  lacustrine 
origin  ascribed  to  the  whole  of  the  non-marine  covering  strata  in  Otago, 
though  it  has  not  heretofore  been  questioned,  has  certainly  not  been  proved 
correct. 

The  terrestrial  Tertiary  rocks  of  the  North  American  Great  Basin, 
formerly  regarded  as  wholly  lacustrine,  have  been  shown  in  recent  years 
to  be  largely  of  fluviatile  origin,*  and  a  similar  origin  seems  equally  probable 
for  a  great  part  of  the  covering  strata  in  Otago.  It  seems  that  the  question 
thus  raised  must  remain  open,  however,  until  the  beds  have  been  carefully 
re-examined  with  the  hypothesis  of  fluviatile  deposition  in  mind. 
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ENGINE-BALANCING  :  THE  CONNECTING-ROD. 

By  S.  H.  Jenkinson,  Railway  Department. 

The  theory  of  engine-balancing  has  hitherto  been  incomplete  from  the 
lack  of  an  exact  method  of  treating  the  connecting-rod.  This  is  of  less 
importance  in  the  case  of  multi- cyclinder  balanced  engines  where  the 
various  rods  are  in  opposed  phase  and  their  various  disturbing  forces 
have  a  zero  resultant ;  but  for  the  case  of  one-  or  two-cyclinaer  and 
other  unbalanced  engines  it  is  satisfactory  to  be  able  to  bring  forward  a 
simple  exact  method  of  evaluating  all  the  inertia  forces  of  the  connecting- 
rod. 

The  difficulty  lies  in  the  fact  that  one  point  in  the  rod  reciprocates 
with  the  crosshead  and  another  revolves  in  a  circle  with  the  crank-pin, 
while  all  other  points  have  a  motion  compounded  of  these  two.  The 
most  obvious  method  of  attack  is  to  attempt  to  divide  the  whole  weight  of 


the  rod  into  two  parts,  one  concentrated  at  the  crosshead-pin  and  one  at 
the  crank-pin,  which  would  together  generate  the  same  inertia  forces  as 
the  whole  rod.  This  leads,  however,  to  an  indeterminate  result,  since 
that  division  of  the  parts  which  gives  correct  values  for  the  horizontal 
components  gives  incorrect  values  for  the  vertical  components,  and  vice 
versa.  The  deadlock  was  only  surmounted  by  the  individual  designer 
choosing  that  compromise  which  best  suited  his  personal  intuition  on  the 
subject.  The  difficulty,  however,  disappears  if  the  rod  is  treated  as  a 
whole,  and  the  horizontal  and  vertical  components  separately  evaluated 
for  the  engine. 

Let  AB  in  fig.  1  represent  the  centre-line  of  the  rod,  and  BN  a 
perpendicular  drawn  from  the  crank-pin  B  on  to  the  line  of  stroke  AO. 
Denoting  the  crank-angle  BOA  by  0,  the  crank-radius  OB  by  r,  the 
linear  velocity  of  the  crank-pin  by  v,  and  the  length  of  the  connecting- 
rod  by  l,  we  have 

Horizontal  component  of  velocity  of  B 

d  d  dO  .  A 

=  ~1t  0N  =  -  Tt  r  eos  6  =  r  sin  e  di ~  ° sm  0 ' 
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Horizontal  component  of  acceleration  of  B 


d 

=  (v  sin  0)  =  v  cos  0 


dO  v 2 

-j-  —  —  cos  0. 
dt  r 


Vertical  component  of  acceleration  of  B 

did  -rxt  \  d  ( d  .  A  .  a  [d0\2  v 2  .  n 

dt\dt  J  dt\dt  )  \dt )  r 

Horizontal  velocity  of  A 

=  ~  AO  =  —  —  ^\/ 1 2  _  r2  sin2  0  +  r  cos  0^ 


=  v  ( sin  0  -f- 


sin  20 


2  V n 2  —  sin2  0 

Horizontal  acceleration  of  A 


) 


where  n  =  - 
r 


d  (  ,  sm  20  \ 

=  r.  v  sin  0  +  0— 7-  ■  -T - 

dt  V  Vrc2-  sin2  0/ 


sin  20  \  -y2  (  ^  n2  cos  20  +  sin4  0  ) 
n2  -  sin2  0)  ~  r  ( C0S  °  +  (™2  -  sin2  0)3/2  I 

or,  since  n  is  usually  greater  than  5,  it  is  sufficiently  accurate  to  write 
Horizontal  acceleration  of  A 

v2  (  a  cos  20N 

r  \  n 

Considering  any  transverse  section  X  of  rod  at  a  distance  x  from  little 
end  A 

Horizontal  component  of  acceleration  of  X 


=  (  cos  0  + 

r 


l  —  x  cos  20 


i  n 

Vertical  component  of  acceleration  of  X 

v2  x  .  * 

=  — - sm  0. 

r  l 

The  horizontal  component  of  the  acceleration  of  X  is  produced  by  a 
horizontal  force  at  the  crank-pin  B  only,  since  the  guides  can  exert  only 
vertical  forces  on  the  crosshead  ;  while  the  vertical  component  is  pro¬ 
duced  by  vertical  forces  acting  both  at  the  crank-pin  B  and  crosshead- 
pin  A ;  hence,  if  represents  the  weight  of  unit  length  of  the  rod  at 
section  X, 

The  total  horizontal  component  of  disturbing  forces  at  B  due  to 
acceleration  of  rod 


f'XXT  V2  (  n  .  I  —  X 

/  Wa-  -  COS  0  4-  — 7— 
Jo  r  \  l 


l  —  x  cos  20\  , 

- dx 

n  J 


=  W  —  (cos  0  + 
r  \ 


cos  20 


v 2  cos  20 
r 


/ 


x 


W  X~dx . (1) 


n  /  r  n 

where  W  =  total  weight  of  rod. 

The  total  vertical  component  of  disturbing  force  at  B  due  to  accelera¬ 
tion  of  rod 


WJ  ^  '  /l  X\  X  7 

W®  —  sm  0  _  \  -  dx 
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r 
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l  l 


=  —  sin  0 
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x 1 


W®  X  dx. 
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(2). 
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l  cc 

W*  j  dx  must  be  con- 


It  is  therefore  plain  that  no  single  division  of  the  whole  weight  of  the 
rod  into  revolving  and  reciprocating  parts  can  give  exact  results  for  com¬ 
puting  the  inertia  forces,  for  by  (1)  the  part  J 

sidered  revolving  when  calculating  the  horizontal  components,  and  by  (2) 

ri  x 2 

the  part  j  Wr  y  dx  must  be  considered  revolving  when  calculating 

the  vertical  components.  If,  however,  the  horizontal  and  vertical 
components  of  all  the  inertia  forces  are  evaluated  separately  for 
the  whole  engine,  as  indicated  in  a  previous  paper, *  equations  (1)  and 
(2)  can  be  used  to  calculate  exact  values  of  these  components  for  the 
connecting-rod. 

The  calculations  necessary  are  really  simple,  since  the  greater  part  of  the 
work  has  to  be  done  in  any  case  in  the  designing  office  in  order  to  obtain  the 

/l  QQ 

W a-  ~L  dx 

will  be  recognized  as  the  part  supported  by  the  crar.  k-pin  when  the  rod 

ri  x2  W  k 2 

is  horizontal,  while  the  part  J  Wx  dx  is  equal  to  —p~  where  k  is  the 

distance  of  the  centre  of  gyration  from  the  crosshead-pin.  Simple  tests 
can  therefore  be  carried  out  on  the  finished  rod  to  check  the  results  of 
the  calculations.  To  check  the  first  integration  each  end  of  the  rod  is 


A  B  CD 


F  G  H  J 


weighed  in  turn  while  supported  on  the  scales  by  a  narrow  packing-piece 
under  the  centre  of  the  pin-hole.  The  weight  supported  by  the  crank- 
pin  is  thus  directly  ascertained  and  data  obtained  for  calculating  m, 
the  distance  of  the  centre  of  gravity  of  the  rod  from  the  crosshead-pin. 
To  check  the  second  the  rod  must  be  swung  as  a  pendulum  while  sup¬ 
ported  on  knife-edges  (or  other  frictionless  device)  at  the  centre  of  the 
crosshead-hole.  Then  if  t  is  the  time  in  seconds  of  one  swing  (or 
single  oscillation)  we  have 


W  k2 

IT 


3915 


W  t2m 
Z2 


where  all  dimensions  are  expressed  in  inches.  Great  care  must  be  taken 
to  minimize  friction  at  the  sunports  or  the  value  of  t  will  be  much  too 
small. 


*  S.  H.  Jenkinson,  Balancing  of  Locomotives,  this  Journal,  vol.  2,  p.  19. 
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Section. 

Weight 

of 

Section. 

Weight  per 
Inch  run. 

Distance 
from  B  to 

End  of  Section. 

Moment  about  Crosshead-pin. 

First  Moment. 
2W  xxdx. 

Second  Moment 
SW  xxUx. 

lb. 

lb. 

in. 

AB 

11-4 

3-65 

-34 

-18 

-37 

BC 

12-8 

4-1 

H 

20 

42 

CD 

14-65 

5-1 

6 

67 

315 

DE 

1350 

1-73 

84 

6072 

341668 

EP 

571 

7  62 

914 

5015 

440329 

FG 

327 

9-35 

95 

3052 

284595 

GH 

31-6 

9-03 

98J 

3057 

295868 

HJ 

13  25 

7-58 

1001 

1318 

131005 

Total 

308-5 

18583 

1493785 

Total  weight — estimated,  308Jlb.  ;  actual,  3081b. 

Centre  of  gravity  from  crosshead  pin — estimated,  60-23  ;  actual,  60"45. 
Square  of  radius  of  gyration  about  crosshead-pin  : 


(fc2)  = 


1493785 

.308-5 


4842  (inches). 


n 

Jo 


r2 

W*  -dx  = 

/2 


W/c2 


1493785 

95'2 


=  165. 


Fig.  2  and  the  accompanying  table  show  how  the  work  was  actually 
performed  for  an  existing  rod.  The  rod  is  first  divided  into  such  portions 
as  may  be  considered  with  sufficient  accuracy  for  the  purpose  to  have 
constant  weight  per  inch  run,  and  this  weight  is  carefully  calculated. 
The  first  and  second  moments  are  then  calculated  from  the  relationships 


and 


a2  —  b'2 

~~2 

a8  —  b8 


It  will  be  noticed  that  the  results  checked  closely  with  those  obtained 
by  weighing. 

The  following  table  shows  how  the  correct  treatment  of  the  rod  dealt 
with  in  fig.  2  compares  with  the  ordinary  approximations  in  use.  It 
must  be  remembered  that  the  primary  horizontal  forces  are  given  cor¬ 
rectly  by  all  methods  and  it  is  only  the  secondary  forces  (those  dependent 
on  cos  2 6  and  higher  multiples  of  0)  that  are  in  error  for  horizontal 
components. 


Method  of  calculating  Rod. 

Revolving  Part  for 
Vertical  Forces. 

Reciprocating  Part  for 
Horizontal  Forces. 

' 

By  Calculation. 

Error. 

By  Calculation. 

Error. 

lb. 

lb. 

lb. 

lb. 

Correct  method 

165 

0 

112 

0 

One-half  revolving 

154| 

lOf 

1541 

42J 

Weight  on  big  end  revolving  . . 

196* 

31* 

112 

0 

Five-sixths  weight  on  big  end  revolving  . 

164 

1 

1441 

321 

W  k‘z  i 

revolving 

165 

0 

1431 

314 

Two-thirds  revolving  . . 

206 

41 

102^ 

H 

1919.]  Best. — Steatite  Figurine  found  at  Mauku,  Auckland. 
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NOTE  ON  A  CURIOUS  STEATITE  FIGURINE  FOUND 

AT  MAUKU,  AUCKLAND. 

By  E.  Best,  Dominion  Museum. 

The  illustration  given  is  that  of  a  small  figurine  of  steatite  found  under 
singular  and  interesting  circumstances  at  Mauku,  near  Auckland.  The 
lands  around  the  place  of  discovery  have  been  uninhabited  since  the  arrival 
of  Europeans  until  twenty  years  ago,  and  since  then  merely  occupied  by 
farm  employees ;  nor  have  these  lands  ever  been  ploughed.  In  pre- 
European  times,  however,  natives  occupied  the  place,  as  shown  by  the 
remains  of  old  settlements.  Two  of  these  old  pa  are  situated  about 
250  yards  apart,  and  between  these  cattle  have  worn  a  track  through  the  sur¬ 
face  soil  and  well  down  into  the  underlying  clay,  such  process  being  assisted 
by  the  flow  of  storm- waters.  The  figurine 
was  found  embedded  in  the  stiff  clay  at 
the  bottom  of  this  worn,  rut-like  track, 
face  downward,  and  its  back  flush  with 
the  surface.  Some  beast  had  evidently 
trodden  on  it  and  had  broken  a  piece  off 
the  lower  part  of  the  figure,  the  broken 
piece  being  pulverized.  Clay  still  adheres 
to  the  crevices  of  this  singular  object. 

Of  so  soft  a  nature  is  the  pink- 
coloured  steatite  of  which  this  figurine  is 
composed  that  it  is  clear  that  it  could 
not  have  been  trampled  down  into  the 
stiff  clay  subsoil  by  any  heavy-bodied 
creature  :  thus  the  questions  that  arise 
are — (1)  How  did  it  get  there  ?  and  (2) 

How  long  has  it  lain  there  ?  To  these 
queries  presumably  no  satisfactory  answer 
can  ever  be  returned,,  and  our  figurine 
must  be  placed  in  the  same  category  as 
the  Tamil  bell  described  in  vol.  4  of  the 
Transactions  of  the  New  Zealand  Institute. 

The  figurine  is  undoubtedly  Oriental 
in  design  and  workmanship.  It  reminds 
one  of  representations  of  the  Manchus 
in  old  works.  A  work  on  the  clay 
figurines  of  China  contains  no  illustration 
resembling  it. 

This  object  is  2f  in.  in  height  and  If  in.  wide  at  its  broadest  part ; 
material,  a  soft,  friable  soapstone.  The  figure  seems  to  be  in  a  sitting 
position.  There  is  no  hole  for  suspension.  It  is  no  rude  Nampa  image, 
but  a  carefully  executed  work,  though  having  the  grotesque  aspect  so 
common  in  Oriental  designs.  Some  form  of  turban-like  head-dress  is 
depicted,  also  a  loose  cloak  or  wide-sleeved  garment.  The  round  face 
shows  a  wide,  short  nose.  The  hands  clasp  some  long  object  of  cylindrical 
form,  the  upper  end  of  which  seems  to  show  something  protruding,  and 
this  object  bears  two  transverse  serrated  designs.  The  head-dress  shows  a 
wide  pendent  flap  at  the  back.  Altogether  this  snub-nosed  Tartar-looking 
figure  represents  an  interesting  discovery  when  the  conditions  of  that 
discovery  are  noted. 


Steatite  figurine  from  Mauku. 
(Natural  size.) 
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THE  SURGE -CHAMBER  PROBLEM.* 


By  E.  Parry,  Public  Works  Department,  Wellington,  N.Z. 

Inquiries  are  being  addressed  from  time  to  time  by  those  interested  in 
hydraulics  concerning  the  derivation  of  one  or  other  of  the  formulae  in 
use  for  calculating  the  surge  manifested  in  a  surge-chamber  when  the  flow 
of  the  water  is  checked  or  impeded.  The  derivation  of  a  rational  formula 
if  limited  in  its  application  to  a  surge-chamber  with  parallel  sides  presents 
no  great  difficulty  provided  certain  assumptions  are  made  which,  although 
at  first  sight  unwarrantable,  are  justified  by  the  result. 

The  phenomenon  is  analogous  to  that  which  obtains  in  an  electrical 
circuit  containing  resistance,  self-induction,  and  capacity.  The  frictional 
resistance  of  the  conduit  corresponds  to  the  frictional  resistance  in  the 
electrical  circuit,  the  inertia  of  the  water  to  the  self-induction  of  the 
electrical  circuit,  and  the  elastic  distortion  of  the  conduit  or  tube  to  the 
electrostatic  capacity.  The  elastic  distortion  of  the  conduit,  though  a 
reality,  and  its  effect  appreciable  in  some  circumstances,  does  not  affect 
the  result  appreciably  in  the  present  instance,  and  consequently  the  resist¬ 
ance  and  inertia  are  the  only  effects  taken  into  account  herein.  The  water 
problem  is  not  so  simple  as  the  electrical  problem,  because  the  resistance 
is  a  function  of  the  velocity,  whilst  the  relationship  between  the  various 
elements  involved  is  a  most  complicated  one.  In  the  fundamental  formula 
for  the  flow  of  water  in  pipes  we  have,  in  terms  usually  employed  by 
engineers, 

v2  =  C-2rs 


where  v  is  the  velocity,  r  the  hydraulic  mean  depth,  s  the  hydraulic 
gradient,  and  C  a  coefficient.  This  coefficient  is  a  complex  function,  and 
may  be  expressed  approximately,  according  to  Professor  Lees,|  in  the  form 

1  (  v\n 

c5  =  “  wj  + 


where  a  and  [3  and  n  are  constants,  v  the  coefficient  of 
v  the  velocity,  d  the  diameter  of  the  pipe. 

If  the  first  equation  be  transformed  into  a  form 
parable  though  not  strictly  analogous  with  Ohm’s 
Resistance,  we  have 


1  1  a 
h  =  Tti  ‘  “  •  v 
C2  r 


kinematic  viscosity, 

more  directly  com- 
Law  of  Electrical 


where  h  is  the  “  head  ”  and  l  the  length  of  the  conduit  or  pipe  ;  and  if 
P-Pi  be  the  difference  of  total  pressure  on  the  two  ends  of  the  conduit, 
and  ir  the  density  of  the  water,  and  a  the  area  of  the  conduit,  we  have 


P-Pi 


*  Lecture  delivered  before  the  Technological  Section,  Wellington  Philosophical 
Society,  27th  November,  1918. 

t  C.  H.  Lees,  On  the  Flow  of  Viscous  Fluids,  Proc.  Roy.  Soc.,  A,  vol.  91,  pp.  46-53, 
1914. 
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and  substituting  a/p  for  r  where  p  is  the  periphery,  and  Q /a  for  v  where  Q 
is  the  flow  in  units  of  volume  per  unit-time,  we  have 

p-Pi  =  *-  £-  |-  Q  =  b.-Q 

where  S  is  the  total  area  of  contact. 

By  analogy  with  Ohm’s  Law  of  E-E,  =  RI,  where  E— E:  is  the  difference 
of  potential,  R  the  resistance,  and  I  the  current,  and  on  comparing  the 
two  forms  of  resistance,  we  have  in  the  electrical  case 

R  =  P  .  - 
a 

where  l  is  the  length  of  the  circuit,  a  the  cross-sectional  area  of  the  con¬ 
ductor,  and  p  the  specific  resistance,  which  is  practically  a  constant  for 
low  frequencies  and  a  small  area  of  conductor,  and  varies  only  with  the 
nature  of  the  conductor  ;  likewise  in  the  case  of  fluid  friction  we  have 


i.e.,  the  resistance  varies  directly  as  the  total  surface,  and  the  velocity 
inversely  as  the  cross-sectional  area,  and  directly  with  ^2,  which  is  a 

function  involving  the  viscosity,  the  velocity  of  flow,  and  the  diameter. 

It  will  be  realized  that  a  rigorous  solution  of  any  problem  in  hydraulics 
which  is  at  the  same  time  suitable  for  use  is  impossible,  and  the  device 
herein  adopted  in  order  to  obtain  a  practical  result  is  to  express  the 
friction-head  in  the  form  kv,  and  to  adopt  in  the  application  of  the  solution 
a  value  of  k  which  contains  the  value  of  the  velocity  at  the  instant  the  flow 
is  interrupted.  Let  this  latter  be  denoted  by  Y,  then  the  surface  resistance 

during  the  remainder  cf  the  movement  will  be  denoted  by  .  Account 

must  also  be  taken  of  the  head  absorbed  in  the  gates  and  screens,  and  for 
the  same  reason  as  before  it  is  necessary  to  cast  the  resistance  into  the 

form  kY.  The  total  frictional  resistance  is  then  7^-  kY.  Let  this  be 

C  V 

denoted  by  K.  The  total  frictional  head  for  any  value  of  v  after  the  flow 
of  water  is  checked  is  then  Kv. 

This  device  is  a  crude  one,  but  its  adoption  reduces  the  differential  equa¬ 
tion  between  the  quantities  involved  to  a  standard  form,  and  is,  moreover, 
justified  by  comparison  with  experiment.  The  departure  from  accuracy 
consists  in  making  the  resistance  constant  and  dependent  on  the  velocity 
at  the  moment  of  closure,  whereas,  as  already  shown,  the  resistance  varies 
as  the  velocity  varies,  a  condition  which  is  impossible  to  embody  in  an 
equation  of  any  manageable  form.  The  use  of  Chezy’s  formula  with  a 
constant  coefficient,  although  simpler  than  the  more  rigorous  form,  is 
inexact,  and  also  leads  to  difficulties. 

Fig.  1  represents  a  typical  arrangement  of  conduit,  surge-chamber, 
and  pipes,  and  the  problem  is  to  determine  the  nature  of  the  oscillations 
in  the  surge-chamber  when  the  flow  out  of  the  chamber  is  suddenly  inter¬ 
rupted.  Using  the  same  symbols  as  before,  let  the  velocity  of  flow  in  the 
conduit  be  constant  and  equal  to  V,  the  head  is  entirely  absorbed  by 
friction,  its  value  being  KY,  which  is  manifested  by  a  difference  in  level  —  H 
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in  the  surge-chamber  below  static  level.  If  now  the  flow  be  suddenly- 
interrupted  by  the  closing  a  valve  or  sluice  at  the  outlet  from  the  surge- 
chamber  the  energy  is  absorbed  in  two  ways — viz.,  in  overcoming  the 
inertia  of  the  mass,  and  in  friction.  The  decay  of  energy  at  any  instant 
is  then 

/ 1  dv 
\p  di 

This  is  balanced  by  an  increase  of  potential  energy  in  the  surge-chamber, 
manifested  by  the  rise  of  level  h  above  the  value  — H,  at  which  the  level 
stood  when  the  flow  had  a  constant  value  V.  We  have  then  an  equation 


and  also  an  identity 


where  A  is  the  area  of  the  surge-chamber  and  dln/dt  the  velocity  of  flow 
in  the  surge-chamber.  Differentiating  and  substituting,  we  obtain  a 
differential  equation 


d2v  q  dv  a  q 

- P  K  .  -  . - 1 —  .  - 

dP  ^  I  dt^  A  l 


v  =  o 


the  solution  of  which  is 
where 


v  =  Aem -}-  Bem-2f 


m 


,  =  _  +  v ka  -  -  • 9- 

1  2/  v  4/2  A  / 


and 


m. 


Kff  _  ^  /  KA/2  a  g 
2 1  V  IF  “  A  ’  1 


In  the  majority  of  cases  ag/Al  is  greater  than  K 2g2/il2,  and  in  conse¬ 
quence  the  expression  under  the  root  is  negative,  and  the  solution  becomes 

v  =  Ae  (a  +  ^  -p  Be (a  - 


where  a  =  —  ^  and  fi  =  \/~  •  %  — 
ZL  v  A  l 


KV 

IF 


Transforming,  we  have 

v  —  eat  {{A  +  B)  cos  fit  -P  i  (A  — B)  sin  fit} . 

dv 

Prom  the  consideration  that  when  t  =  o,  v  =  V ,  and  —  =  o,  we  find  that 

at 

A  +  B 

Consequently 


V  and  i  (A  —  B)  =  —  -  V. 


a 


v  -----  Yeat  (cos  fit  —  —  sin  fit) 


,(2) 


which  is  the  equation  of  an  oscillatory  discharge  having  a  frequency  of 
2 rr/fi  and  subject  to  an  attenuation  or  damping  governed  by  eat. 

The  level  of  the  water  in  the  surge-chamber  in  terms  of  the  velocity  at 
the  instant  of  closure  and  of  other  quantities  may  be  derived  by  differenti¬ 
ation  of  equation  (2)  and  substitution  in  (1),  whence  we  obtain 

h  =  -  *  V  •  eat  -f  fij  sin  fit  —  K  •  Y  ■  eat  (cos  fit  —  ^  sin  fit) 

6  — Science. 
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when  t  —  o,  h  —  —  KY  =  —  H,  which  is  the  static  head  corresponding  to 
a  velocity  V. 

This  is  an  equation  of  an  oscillatory  movement  having  a  periodic  time 


l 

of  27 r/fi,  represented  by  -  •  Y  •  e 

Q 


at 


sin  fit,  upon  which  is  super¬ 


imposed  another  smaller  oscillatory  movement  represented  by  KYeaf  cos  fit, 
having  the  same  frequency  but  differing  by  7r/2  in  phase  from  the  former, 


together  with  a  third  ripple  K  .  Y  .  eat  .  ^  •  sin  fit,  which  is  also  an  oscil- 

P 

latory  movement  of  the  same  character  as  the  other  two  and  in  phase 
with  the  first  or  larger  oscillation,  all  three  movements  being  subject  to 
an  attenuation  or  damping  controlled  by  the  term  eat,  the  value  of  a  being 
negative. 

Maxima  and  minima  occur  when  v  —  o,  and  the  time  of  the  first 
maximum  is  obtained  by  placing  v  =  o  in  equation  (2),  as  a  result  of  which 
it  will  be  seen  that  the  maximum  occurs  when 

fit  =  tan-1  - 
a 

The  positive  maxima  will  occur  at  intervals  of  %cffi  thereafter.  The  first 
negative  maximum  will  occur  at  fit  -\-  ir/fi,  and  will  recur  at  intervals  of 
Zv/fi. 

In  the  foregoing  equation  the  third  term  is  for  practical  purposes 
negligible  compared  with  the  first  two,  also  d2/fi  is  small  compared  with  fi, 
and  if  these  be  ignored  the  equation  reduces  to  the  following  terms  : — 

h  =  eat  .  V  .  fi  .  sin  fit  —  K  .  V  .  cos  fitj 

If  now  we  substitute  for  KY  its  value  H  and  for  fi  its  approximate 

value  \/—  .  -  for  the  second  term,  in  which  the  exact  value  of  fi  is 
A  l 


negligible  compared  with  the  first,  we  get 

h  =  eat  (Y V a  .  I  ./A g  .  sin  fit  —  H  cos  fit) . (3) 

and  by  a  well-known  transformation  we  obtain 


h  =  eat^J %  •  -  •  Y2  +  H2  sin  (fit  —  <f>) 
A  g 

H 


where 


<£  =  tan-1  /  a  l 

V  A  '  g 


The  amplitude  of  the  first  or  maximum  surge  is  obtained  by  substituting 
for  fit  its  corresponding  value  tan-1  fi/a,  and  for  t  a  value  derived  from 
the  relation  fit  —  tan-1  fi/a.  This  is  by  far  the  most  satisfactory  way  of 
ascertaining  the  amplitude,  and  its  calculation  is  easily  obtained  with  the 
aid  of  tables  of  the  values  of  e~x. 

If,  however,  an  approximate  equation  which  is  clear  of  the  exponential 
be  desired,  such  an  equation  may  be  derived  from  (4),  provided  that  at 
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is  less  than  unity,  a  condition  which  is  not  always  fulfilled,  the  exceptions 
being  long  tunnels  and  rough  surfaces  ;  however,  in  the  majority  of  cases 
we  may  take  it  that  at  is  less  than  unity,  in  which  case  we  may  take  the 
first  two  terms  of  the  expansion  of  eat  without  much  error.  Sin  (fit  —  <£) 
may  for  the  present  purpose  be  taken  as  unity,  because  fit  —  <f>  approxi¬ 
mates  near  enough^  generally  speaking,  to  tt/2  to  enable  this  assumption 
to  be  made.  Subject  to  these  limitations,  we  obtain  an  equation  of  the 
form 


h  = 

max. 


\J  —  .  ?  .  ys 

V  A  l 


T 

+  H-  -  5 


H 


u 


K2g2 

~T~ 


where  T  is  the  period  of  maximum  amplitude  determined  by  the  condi¬ 
tion  that  the  maximum  occurs  when  fit  =  tan-1  fi/a. 

The  second  term  under  the  second  root  is  practically  equivalent  to 
JH  6t,  and  as  the  value  of  fit  depends  on  a  function  containing  fi  the 
range  of  variation  of  fit  is  not  great.  An  examination  of  the  value  of  fit 
under  a  wide  range  of  conditions  justifies  the  adoption  of  a  mean  value 
of  about  1-7,  so  that  the  equation  finally  reduces  to  the  following  terms, 
viz.  : — 

n  =  V  t  '  ~  '  V2  +  H 2  -  0-85H  . (5) 

max.  A  g 

which  gives  the  amplitude  of  the  first  surge,  or  its  height  above  static  level, 
and  which  agrees  with  one  of  the  numerous  formulae  in  use,  except  that 
the  coefficient  in  the  second  term  is  0-85  instead  of  unity. 

The  surge  obtained  by  means  of  the  formulae  will  be  quite  40  per  cent, 
greater  than  the  liability  under  practical  conditions  because  of  the  time 
element  and  the  effect  of  elasticity. 

In  ordinary  operation  the  relief-valve  connected  with  the  turbine- 
governor  serves  to  minimize  the  surge  and  to  damp  it  down,  and  even  under 
emergency  conditions  the  closure  takes  time,  so  that  it  is  not  necessary 
to  provide  in  all  cases  for  the  maximum  surge  above  calculated  except  by 
affording  means  of  discharging  the  same  by  overflow  as  a  matter  of  con¬ 
tingency. 

The  foregoing  formulae  apply  only  in  case  of  sudden  closure,  which 
can  only  occur  in  rare  emergencies  ;  and,  as  already  explained,  it  is  not 
always  feasible  to  apply  sudden  closure  to  a  flow,  but  it  is  quite  possible 
to  test  the  applicability  of  the  theory  by  applying  a  gradual  closure,  for 
although  in  such  an  event  the  amplitude  of  the  first  surge  will  not  be  so 
great,  the  periodic  time  and  the  attenuation,  depending  as  they  do  on  the 
dimensions  of  the  conduit  and  surge-chamber  and  upon  the  coefficient  of 
friction,  will  be  the  same  whether  the  closure  is  sudden  or  gradual. 

An  opportunity  was  seized  on  the  5th  April,  1915,  by  Mr.  L.  Birks  and 
Mr.  T.  McLennan  of  making  a  test  on  the  surge-chamber  of  the  Lake 
Coleridge  works.  The  results  of  the  observations  are  shown  in  the  lower 
half  of  fig.  2.  The  flow  of  water  was  61  cubic  feet  per  second  at  the 
commencement  of  closure,  and  ten  minutes  was  occupied  in  reducing  the 
flow  from  61  cubic  feet  per  second  to  7  cubic  feet  per  second.  It  will  be 
seen  that  towards  the  end  of  the  closing-movement  an  oscillation  was  set 
up,  the  amplitude  of  the  first  positive  surge  being  1  ft.  8 Jin.,  and  that  the 
oscillations  continued  with  a  diminishing  amplitude  and  with  a  periodicity 
of  seven  minutes.  The  frictional  head  at  the  outset  was  about  6  in.,  of 
which  about  5T  in.  was  absorbed  by  surface  friction  in  the  tunnel  and  the 
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balance  in  gates  and  screens.  The  amount  of  the  latter  was  abnormal 
at  the  time  of  the  observation,  for  reasons  which  need  not  be  entered  into 
here. 

The  general  arrangement  of  the  Lake  Coleridge  works  is  shown  in 
fig.  1,  and  the  dimensions  of  the  elements  affecting  the  result  are  shown 
in  fig.  1  and  also  in  fig.  2.  Referring  to  fig.  1,  it  will  be  seen  that  the 
works  consist  of  a  tunnel,  &c.,  with  inlet  work  at  A  and  terminating  in  a 
surge-chamber  at  B,  from  which  pipes  are  led  down  to  the  power-house 
at  C.  The  crown  of  the  tunnel  is  12  ft.  below  normal  lake-level  at  the 
inlet,  and  19  ft.  below  at  the  surge-chamber.  The  net  length  of  tunnel 
is  6,952  ft.,  the  cross-sectional  area  50-745  square  feet,  hydraulic  mean 
depth  1-946.  The  area  of  the  surge-chamber  is  975  square  feet  in  the  clear, 
to  which  has  to  be  added  the  area  of  one  or  more  screen-chambers  which 
may  be  in  communication  with  the  main  chamber  at  the  time  of  the 
experiment.  The  coefficient  C  in  Chezy’s  formula  is  found  by  test  to  have 
a  value  of  110  at  a  velocity  of  3J  ft.  per  second.  Assuming  this  to  be  a 
constant  for  the  sake  of  simplicity  we  have,  on  collecting  the  values  of 
the  different  symbols,  l  =  6,952  ft.,  a  —  50-745  sq.  ft.,  A  =  1,050  sq.  ft., 
A/a  =  20-7,  C  =  110,  r  =  1-946.  From  the  foregoing  dimensions  and 
from  the  fact  that  the  flow  at  the  beginning  of  the  operation  was  61  cusecs 
and  the  corresponding  velocity  1-2  ft.  per  second,  we  obtain  the  following- 
derived  quantities :  The  total  inclusive  friction-head  was  0-5  ft.,  of  which 
0-425  ft.  is  in  surface  friction  and  0-075  ft.  in  gates  and  screens  ;  the  value 
of  l/C2r  is  0-295,  and  of  k  0-052  ;  the  value  of  K  corresponding  to  velocity 
V  is  (0-295  +  0-052)  V  =  0-347  x  1*2  =  0-417,  whence  a  =  —  0-000963, 
fj  —  0-015,  and  the  periodic  time  420  seconds. 

If  the  above  values  be  substituted  in  equation  (3)  or  (4)  and  the  value 
of  t  varied,  a  series  of  values  is  obtained  which  when  plotted  yield  the  result 
shown  in  the  upper  portion  of  fig.  2,  and  on  comparing  this  with  the 
observed  values  plotted  in  the  lower  portion  of  fig.  2  we  see  that  the  first 
calculated  surge  is  over  twice  the  first  observed  surge,  because  the  calculated 
value  is  for  sudden  closure,  whilst  the  observed  value  is  for  a  gradual 
closure  during  which  the  flow  was  reduced.  It  will  be  noted  that  the 
periodicity  is  the  same,  whilst  the  attenuation  or  damping  is  slightly  greater 
at  the  same  amplitude  for  the  calculated  than  for  the  observed  result, 
whereas  it  should  be  less,  because  in  the  experiment  the  closure  was  not 
complete,  there  being  a  leakage  of  7  cusecs,  which  would  intensify  the 
damping  effect  due  to  resistance  of  the  conduit,  gates,  and  screens.  The 
greater  attenuation  shown  on  the  calculated  curve  is  due  to  the  fact  that 
the  frictional  resistance  is  assumed  to  be  constant  and  at  a  value  corre¬ 
sponding  to  the  velocity  at  the  instant  of  closure,  whereas  the  resistance 
is  a  function  of  the  velocity,  as  already  explained.  Closer  results 
between  the  calculated  and  observed  curves  would  be  obtained  by 
adjusting  the  value  of  C  to  the  velocity,  and  by  adjusting  the  resistance 
to  the  velocity  of  the  water  in  the  conduit  at  the  corresponding  time 
intervals  selected  for  calculating  the  height  of  the  water  in  the  surge- 
chamber.  This  involves  considerable  extra  labour  not  justifiable  by  the 
result.  Equation  (3)  may  be  regarded  as  a  first  approximation,  and  the 
variation  of  the  resistance  with  velocity  a  second  approximation.  This 
degree  of  approximation  is  unnecessary  in  practice,  as  the  main  object 
in  view  is  to  obtain  the  value  of  the  periodic  time  and  the  first  positive 
and  negative  surges,  which  values  are  not  greatly  affected  by  the  present 
considerations. 
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The  accompany  table  gives  the  values  of  the  amplitude  of  the  first  surge, 
or  its  height  above  static  level,  for  a  wide  range  of  conditions  calculated 
by  formula  (5)  for  comparison  with  the  more  accurate  values  calculated 
by  means  of  equations  (3)  or  (4). 

Table  showing  Amplitude,  or  Height  above  Static  Level,  of  First 
Surge,  as  calculated  by  Equations  (3)  and  (5). 


Constants  :  A  =  1,050  sq.  ft.  ;  a  =  50-745  sq.  ft.  ;  r  =  1-946  ft.  ;  friction- 

head  !  +  kv2 )  ;  k  =  0-052. 


V. 

1 

C. 

1c. 

H. 

a. 

I 

fi • 

t. 

at. 

1-2 

6-0 

1-2 

6-0 

6-0 

1-2 

6-0 

6952 

6952 

695-2 

695-2 

695-2 

6952 

6952 

110 

110 

110 

110 

80 

80 

80 

0-052 

0-052 

0-052 

0-052 

0-052 

0-052 

0-052 

0-5 

12-495 

0-1175 

2- 94 

3- 92 

0-88 

21-92 

0-000963 

0-0048 

0-00226 

0-00131 

0-0151 

0-001695 

0-0084 

0-015 

0-015 

0-0475 

0-0475 

0-0475 

0-015 

0-015 

109-2 

125 

3405 

38- 8 

39- 6 
112 
139 

-0-1052 

-0-6 

-0-077 

-0-44 

-0-598 

-0-1898 

-1-175 

V. 

ea  t 

fit 

Radians. 

fit 

Degrees. 

Sin  fit. 

Cos  fit. 

a  /  at 

A  g 

Amplitude. 

Form  3.  Form  5. 

1-2 

6-0 

1-2 

6-0 

6-0 

1-2 

6-0 

0-9903 

0-5488 

0-9259 

0-644 

0-55 

0-8272 

0-3081 

1-64 

1-88 

1-6182 

1-8402 

1-8789 

1- 6834 

2- 0839 

93°  41' 
107°  45' 
92°  43' 
105°  26' 
107°  34' 
96°  27' 
119°  24' 

0-9979 

0-9524 

0-9989 

0-9639 

0-9529 

0-9937 

0-8714 

-00642 

-0-3048 

-0-0474 

-0-2661 

-0-3032 

-01123 

-0-4909 

3-23 

3-23 

1-022 

1-022 

1-022 

3-23 

3-23 

3- 51 
12-22 

1-23 

4- 30 
3-87 
3-26 
8-52 

3- 475 
12-42 

1-13 

4- 30 

.  3-91 

3-21 

10-55 

It  will  be  seen  that  the  correspondence  is  near  enough  for  practical 
purposes,  and  justifies  the  assumptions  made  in  the  process  of  simplification. 
It  must  be  borne  in  mind,  however,  that  equation  (5)  fails  for  long  tunnels 
and  low  values  of  the  coefficient  C  in  Chezy’s  formula,  under  which  condi¬ 
tions  at  is  liable  to  exceed  unity.  The  last  line  in  the  table  of  comparison 
is  a  case  in  point,  and  it  will  be  seen  that  in  such  cases  equation  (5)  yields 
too  high  a  value.  Throughout  the  table  the  friction-head  has  been  taken 

at  ~  +  0-052v\ 
c  r 

As  regards  the  time  of  the  first  maximum,  the  equation  fit  =  tan-1  fi/a  is 
simple  in  form  and  easily  calculated  with  the  aid  of  trigonometrical  tables, 
and  there  does  not  seem  to  be  much  object  in  reducing  it  to  its  elements 
and  clearing  it  of  the  trigonometrical  function.  In  any  case  the  equation 
does  not  admit  of  a  satisfactory  reduction  which  is  generally  applicable, 
because  fi/a  is  invariably  situated  between  7r/4  and  3tt/4,  so  that  expansion 
by  Gregory’s  series  is  not  permissible.  On  the  whole,  the  best  way  is  to 
leave  the  equation  in  the  form  given  above. 

My  thanks  are  due  to  Mr.  Lawrence  Birks  and  Mr.  McLennan  for  making 
the  observations  recorded  in  fig.  2,  and  to  Mr.  A.  C.  Owen  for  making  the 
calculations  employed  in  this  paper. 
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WEATHER  FORECASTING  IN  NEW  ZEALAND. 

By  B.  Y.  Pemberton,  F.R.Met.Soc.,  Assistant  Meteorologist,  Meteoro¬ 
logical  Office,  Wellington,  New  Zealand. 

Introduction. 

Although  the  barometer  was  invented  as  long  ago  as  1643  its  use  as  a 
means  of  foretelling  the  weather  was  recognized  only  about  the  beginning 
of  last  century.  The  method  then  adopted  was  to  take  an  average  of  the 
readings  of  the  barometer  and  thermometer,  and  the  direction  and  force 
of  the  wind.  These  results  were  then  charted  to  show  the  means  of  the 
elements  over  the  earth.  This  method  was  a  great  advance,  and  gave 
an  impetus  to  the  scientists  of  those  days  to  further  the  study  of  weather 
prognostics. 

It  was  found,  however,  that  these  general  means  were  certainly  not 
sufficient  to  give  an  idea  of  what  weather  to  expect  from  day  to  day,  or 
even  of  the  average  climatic  conditions  from  month  to  month,  that  could 
be  depended  on.  For  instance,  with  regard  to  temperature,  the  mean 
monthly  temperatures,  taking  the  average  of  many  years,  may  prove  very 
different  in  any  particular  year.  Napoleon  discovered  this  to  his  cost,  for 
he  assumed,  on  the  judgment  of  Laplace,  that  the  cold  of  Russia  would 
not  set  in  until  January,  but  in  that  year  the  great  cold  came  a  month 
earlier,  and  his  army  was  lost  in  consequence. 

During  the  Crimean  War  a  violent  storm  was  experienced  on  the 
14th  November,  1854,  and  the  French  and  English  fleets  in  the  Black  Sea 
narrowly  escaped  destruction,  while  the  French  man-of-war  tc  Henri  IV  ” 
was  lost.  It  was  known  that  a  storm  raged  some  days  previously  in 
western  Europe,  and  this  fact  influenced  the  French  Minister  of  War, 
Yalliant,  to  order  an  investigation  by  the  astronomer  Leverrier.  From  the 
data  collected  it  was  shown  that  the  Crimean  storm  was  identical  with  that 
experienced  some  days  previously  to  the  westward,  and  this  occurrence 
caused  a  greater  interest  to  develop  in  the  study  of  storms  and  their  pro¬ 
gression  over  the  earth’s  surface,  and  a  revision  of  the  science  of  forecasting 
weather-changes  generally. 

About  the  year  1861  the  first  attempt  of  forecasting  by  means  of 
synoptic  charts  was  undertaken  by  Admiral  Fitzroy,  who  was  afterwards 
in  charge  of  the  London  Meteorological  Office  as  its  first  Director. 

The  whole  system  of  weather  forecasting  is  primarily  dependent  on 
telegraphic  communication,  and  the  development  of  radio-telegraphy,  by 
an  extension  of  the  observation  area,  has  also  been  a  further  practical  aid 
to  the  forecaster. 

Method  of  Forecasting. 

The  history  of  the  development  of  this  branch  of  meteorology  having 
thus  been  briefly  touched  on,  an  attempt  can  now  be  made  to  explain  the 
principles  of  forecasting  as  adopted  by  weather  bureaux  throughout  the 
world  ;  and,  as  our  own  local  weather  is  naturally  of  more  particular 
interest,  it  will  be  more  easily  followed  if  the  conditions  in  New  Zealand 
are  used  to  illustrate  these  remarks. 

The  particulars  necessary  for  the  construction  of  a  weather  chart  are 
telegraphed  to  the  central  office  from  places  distributed  over  the  country, 
and  also,  if  available,  from  places  farther  afield.  These  observations  of 
wind  direction  and  force,  barometric  pressure,  temperature,  weather— and. 
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from  coastal  stations,  state  of  sea  and  tide — are  all  taken  simultaneously. 
The  most  important  of  these  reports  is  the  barometer-reading,  and  in  order 
that  the  observations  from  this  instrument  may  be  intercomparable  they 
must  be  corrected  and  reduced  to  sea-level.  This  is  necessary  because  the 
pressure  of  the  atmosphere  diminishes  with  height,  and  so  the  reading 
of  the  barometer  decreases  approximately  one-tenth  of  an  inch  for  every 
100  ft.  increase  in  altitude.  The  corrected  readings  are  entered  by  signs 
and  figures  on  a  plain  map,  and  lines  are  then  drawn  connecting  all  those 
stations  having  the  same  barometric  pressure.  These  lines  of  equal  pressure 
are  called  isobars ,  and  are  drawn  for  every  tenth  of  an  inch  :  thus  a  line 
would  join  all  places  representing  a  pressure  of  29*9  in.,  30-0  in.,  30*1  in., 
and  so  on. 

The  wind  is  indicated  by  arrows,  the  head  of  the  arrow  pointing  in  the 
direction  in  which  the  wind  is  blowing,  and  the  force  being  shown  by 
arrows  of  different  types.  An  arrow  with  a  barb  on  one  side  only  indicates 
light  wind  (see  fig.  1),  a  barb  on  each  side  indicates  a  breeze,  while  one, 
two,  and  three  “  feathers  ”  on  one  side  of  the  shaft  indicate  progressively 
stronger  winds,  the  last  representing  a  gale.  There  are  also  numerous 
signs  representing  different  conditions  of  weather,  state  of  sea,  &c. 

Ballot's  Law. 

If  the  different  synoptic  charts  which  follow  are  examined  definite  prin¬ 
ciples  will  be  perceived  in  regard  to  the  direction  of  the  wind  with  relation 
to  the  isobars.  Professor  Buys  Ballot,  of  Utrecht,  was  the  first  to  formulate 
a  general  rule  with  reference  to  the  direction  of  the  wind  and  its  relation 
to  barometric  pressure.  This  was  in  1850,  the  law  in  simple  language 
being  :  “  Stand  with  your  back  to  the  wind  and  the  barometer  will  be 

lower  on  your  right  hand  than  on  your  left.”  This  is  applicable  in  the 
Southern  Hemisphere,  while  in  the  Northern  left  must  be  substituted  for 
right,  and  right  for  left.  For  example,  suppose  at  Wellington  a  northerly 
wind  is  blowing,  then  if  we  face  south  our  right  will  be  the  side  where  the 
barometer  is  lower  ;  if  the  wind  be  westerly,  then  the  barometer  should  be 
lower  to  the  south  and  higher  to  the  north  of  us.  The  wind  does  not  assume 
a  direction  strictly  parallel  with  the  isobars,  but  it  is  nearly  always  found 
that  the  direction  is  inclined  at  an  angle  of  about  35°  to  the  isobar  and 
towards  the  position  of  low  barometric  pressure. 

Mountain-ranges,  steep  coast-lines,  or  other  topographical  features  often 
cause  a  marked  deflection  in  the  wind-direction,  in  some  cases  to  such  an 
extent  that  the  very  opposite  wind  may  be  experienced  to  what  would  be 
anticipated  according  to  the  isobaric  trend. 

Baric  Gradient  and  Wind-velocity. 

From  the  consideration  of  the  direction  we  now  pass  on  to  that  of  the 
velocity  or  rate  of  the  wind,  which  is  likewise  related  to  the  distribution 
of  atmospheric  pressure.  If  we  take  a  line  at  right  angles  joining  two 
isobars,  the  measure  of  this  line  is  called  a  “  gradient.”  The  shorter  the 
distance  between  the  isobars  the  greater  or  steeper  is  the  baric  gradient, 
just  in  the  same  way  that  the  varying  distances  between  contours  on  a 
military  map  denote  varying  steepness  of  the  hills.  It  is  the  practice  to 
compute  the  gradient  in  hundredths  of  an  inch  per  15  nautical  miles,  or 
the  quarter  of  a  geographical  degree  ;  but  when  one  becomes  accustomed 
to  the  drawing  of  isobars  over  a  certain  defined  area  one  very  quickly 
becomes  experienced  in  estimating  the  amount  of  gradient  approximately 
enough  for  practical  purposes.  The  barometric  gradient  enables  one  to 
.anticipate  the  velocity  of  the  wind,  the  law  applying  to  this  being  that 
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the  strength  of  the  wind  depends  upon  the  amount  of  the  baric  gradient  : 
the  steeper  the  gradient  the  greater  will  be  the  velocity  of  the  wind. 

The  air  being  extremely  mobile,  it  follows  that  when  there  is  an 
inequality  of  level  between  different  places  the  tendency  is  for  a  flow 
to  set  in  from  the  higher  level  to  the  lower,  in  an  endeavour  to  restore 
equilibrium.  Consequently  the  greater  the  difference  in  level,  as  shown  by 
the  closeness  of  the  isobars,  the  more  rapid  will  be  the  flow. 

Tables  have  sometimes  been  set  out  for  different  places  showing  the 
gradient  and  the  corresponding  mean  wind-velocities,  but  these  can  be 
taken  as  only  approximate.  There  are  many  factors,  such  as  local  con¬ 
figuration  and  conditions,  which  also  govern  the  wind-velocity,  and  there¬ 
fore  the  highest  winds  are  not  always  found  where  the  gradient  is  steepest. 
For  instance,  when  the  gradients  are  steeper  either  over  the  North  Island 
or  the  South  than  they  are  about  Cook  Strait  the  strongest  winds  are 
invariably  experienced  in  the  Strait,  and  this  is  naturally  accounted  for  by 
the  indraft  through  the  Strait.  As  the  widest  portion  of  the  Strait  is  to  the 
north-west,  with  a  westerly  wind  the  volume  of  air  becomes  more  confined 
when  it  reaches  the  narrower  limits  about  Wellington,  and  consequently 
the  horizontal  pressure  exerted  must  be  greater  and  the  velocity  increased. 
Thus  it  is  found  that  a  steep  gradient  over  the  South  Island  causes  a 
stronger  wind  in  Wellington  than  would  a  similar  gradient  over  the  North 
Island. 

It  will  therefore  be  seen  that  the  actual  reading  of  the  barometer  at  a 
single  station  can  give  one  but  little  indication  as  to  the  direction  and  force 
of  the  wind,  or  the  kind  of  weather  to  expect  For  the  purpose  of  antici¬ 
pating  the  character  of  the  weather  the  larger  one’s  field  of  vision  the  greater 
is  the  probability  of  the  forecast  being  verified.  On  this  account  it  is 
evident  that  large  tracts  of  country,  such  as  continents,  should  present 
less  difficulty  in  forecasting  weather  than  does,  for  instance,  New  Zealand, 
whose  greatest  width  from  the  west  to  the  east  coast  is  only  280  miles  in 
the  North  Island,  and  180  miles  in  the  South. 

Cyclones  and  Anticyclones. 

When  a  set  of  weather  maps  is  examined  an  endless  variety  of  isobaric 
shapes  may  be  discovered.  In  fact,  it  would  be  almost  impossible  to  find 
two  maps  presenting  identical  characteristics  in  this  respect.  There  are, 
however,  really  only  seven  fundamental  types  of  pressure  represented  by 
these  isobars,  and  of  these  the  two  principal  ones  are  the  cyclone  and  the 
anticyclone. 

Both  these  systems  are  approximately  circular  or  oval.  In  the  cyclone 
the  central  or  inner  isobar  represents  the  lowest  reading  of  the  barometer. 
Around  the  centre  the  wind  rotates  in  a  similar  direction  to  the  hands  of 
a  clock,  so  that,  should  the  cyclone  be  moving  in  an  easterly  direction,  in 
front  of  the  centre  the  winds  would  be  northerly,  and  in  the  rear  southerly  ; 
directly  north  of  the  centre  the  winds  would  be  westerly  ;  while  to  the 
south,  easterly  winds  would  prevail.  These  directions  hold  good  every¬ 
where  in  the  Southern  Hemisphere,  while  north  of  the  Equator  exactly 
opposite  directions  are  experienced,  a  law  which  is  governed  by  the  effect 
of  the  rotation  of  the  earth  on  all  moving  bodies  on  its  surface. 

Usually  the  isobars  in  a  cyclone  are  very  numerous,  and  this  accounts 
for  the  strong  winds  experienced.  Besides  the  cyclone  there  are  other 
types  of  pressure  which  cause  high  winds  and  heavy  rains,  and  it  is  a 
mistake  to  refer  to  every  storm  of  exceptional  severity  as  a  cyclonic  storm, 
without  having  the  knowledge  that  the  conditions  were  really  due  to  a 
cyclone. 
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An  anticyclone,  as  its  name  suggests,  is  the  reverse  of  a  cyclone,  for  the 
pressure  is  highest  in  the  centre,  and  gradually  diminishes  outwards.  The 
winds  are  more  variable,  particularly  in  the  central  region,  while  in  the 
Southern  Hemisphere  their  general  direction  is  opposite  to  the  motion 
of  the  hands  of  a  clock,  the  front  of  the  centre,  when  it  is  moving  due  east, 
having  southerly  winds,  and  the  rear  northerly.  The  winds  generally  have 
but  little  force,  since  the  isobars  are  not  so  closely  bunched  together  as  in  a 
cyclone. 

The  most  important  conditions  relating  to  these  two  systems  are  the 
association  of  unsettled  weather  with  cyclones,  or  low  barometric  pressure, 
and  fair  weather  with  anticyclones,  or  high  barometric  pressure. 

Areas  of  high  and  low  pressure  entirely  control  our  weather,  and  the 
changes  due  to  both  are  brought  about  by  their  translation  across  the 
Dominion,  for  the  whole  system  of  isobars  moves  forward  from  west  to 
east,  and  when  any  distinct  type  in  the  system  is  passing  over  the  country 
the  winds  and  weather  usually  associated  with  such  a  type  are  experienced. 
Our  knowledge  of  the  direction  and  rate  of  their  movements  makes  the 
forecasting  of  weather  possible. 

Circumpolar  Pressures. 

There  are  two  theories  with  regard  to  the  arrangement  of  the  Antarctic 
circumpolar  system  of  isobars.  The  one  which  seems  the  more  likely  in  the 
light  of  the  observations  made  by  explorers  in  recent  years  is  attributed  to 
Lockyer,  and  is  as  follows  :  The  polar  region  is  covered  by  relatively  high 
pressure,  while  on  its  outer  or  northern  perimeter  are  a  succession  of  cyclones, 
which  are  constantly  travelling  from  west  to  east  at  the  rate  of  about 
400  miles  per  day.  Such  a  distribution  of  pressure  would  account  for  the 
strong  westerly  winds  between  the  40th  and  50th  degrees  of  latitude  ;  from 
the  50th  to  the  60th  we  then  expect  to  find  easterly  and  southerly  winds, 
and  beyond  the  70th  degree  there  would  be  a  continual  outflowing  of 
southerly  winds  from  the  Pole. 

The  other  theory  is  that  the  whole  of  the  polar  area  is  covered  by  an 
immense  cyclone  which  is  centred  at  the  Pole.  If  this  were  correct  we  should 
invariably  expect  westerly  winds  in  the  higher  latitudes  ;  but  Sir  Douglas 
Mawson  at  Adelie  Land  experienced  mostly  southerly  and  south-easterly 
gales.  The  lowest  pressure,  also,  would  nearly  always  be  found  nearer  the 
polar  region  ;  but  according  to  both  Sir  Douglas  Mawson’s  and  Captain 
Amundsen’s  observations  this  is  not  so,  for  pressure  is  invariably  lowest 
farther  north. 

The  Macquarie  Island*  reports  have  been  extremely  valuable  in  helping 
to  elucidate  this  matter,  and  from  these  it  would  seem  that  the  centres  of 
the  cyclones  above  referred  to  pass  usually  somewhat  to  the  south  of  that 
island. 

The  mean  number  of  intense  “  lows  ”  passing  Macquarie  Island  during 
the  three  years  1913  to  1915  was  as  follows  :  January,  6-3 ;  February,  5-7  ; 
March,  3-6  ;  April,  4-0  ;  May,  5*0  ;  June,  4-3  ;  July,  5-7  ;  August,  4*3  ; 
September,  6-0  ;  October,  9-3  .  November,  6-5  ;  December,  4-0. 

There  are  therefore  sixty-four  cyclones  pas  ing  during  the  year,  and, 
taking  the  average  rate  at  400  miles  per  day,  there  would  appear  to  be  at 
least  eight  or  nine  primary  cyclones  circling  the  subantarctic  regions  at  the 
same  time. 


*  The  Macquarie  Island  wireless  station  was  established  in  connection  with  Sir 
Douglas  Mawson’s  Australian  Antarctic  Expedition.  It  was  closed  down  about  the 
beginning  of  December,  1915.  Discussing  the  matter  publicly  at  the  time,  Mr.  D.  C. 
Bates,  Director  of  the  Dominion  Meteorological  Office,  said,  “  It  is  a  distinct  loss  to 
science.  .  .  .  The  importance  of  Macquarie  Island  is  very  great,  since  it  is  so  far 

south  and  yet  has  relationships  so  closely  affecting  our  conditions.” 
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Westerly  Areas  of  Low  Pressure . 

Farther  north  than  the  latitudes  in  possession  of  the  cyclonic  systems 
we  come  to  the  region  of  anticyclones.  The  latter  move  somewhat  irregu¬ 
larly  from  west  to  east,  accompanied  on  their  southern  extremities  by  the 
before-mentioned  Antarctic  cyclones.  Between  adjacent  anticyclones  the 
northern  portions  of  these  cyclones  tend  to  wedge  themselves,  with  the 
result  that  in  each  case  a  j\ -shaped  depression  is  formed.  This  is  the 
commonest  of  all  the  “  lows  ”  which  pass  over  the  Dominion,  and  is 
frequently  referred  to  in  the  weather  reports  as  a  westerly  area  of  low 
pressure ,  particularly  when  the  isobars  assume  a  wider  sweep  than  in  an 
actual  Antarctic  f\. 

Tyrical  Examples. 

The  above  descriptions  distinguish  briefly  the  chief  weather  controls, 
and  show  the  principles  on  which  forecasts  are  based.  It  will  make  the 
matter  more  explicit  if  the  statements  made  are  now  illustrated  by  means  of 
examples  of  atmospheric  systems  that  have  actually  existed. 

A  Typical  Anticyclone. 

Fig.  1  shows  a  typical  anticyclone  or  high-pressure  system  which  over¬ 
spread  the  Dominion  on  the  13th  August,  1912.  Its  centre,  or  inner  isobar, 
circled  the  whole  extent  of  New  Zealand,  and  when  such  is  the  case  fine  and 
clear  weather  results,  and  in  winter,  late  autumn,  and  early  spring  sharp 
frosts  occur  in  places  subject  to  them.  The  large  arrows  denote  the  approxi¬ 
mate  direction  of  the  wind  in  relation  to  the  isobaric  trend. 


Fig.  1. — Weather  chart,  13th  August,  1912.  Typical  anticyclone,  or  'l  high.” 
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The  actual  direction  of  the  wind  at  each  reporting  station  is  denoted  by 
an  arrow,  and  a  glance  will  show  how  variable  it  is  in  the  central  area,  which 
is  about  Cook  Strait.  At  Wellington  the  wind  is  north-east,  while  at 
Farewell  Spit  it  is  south-west.  North  of  the  path  of  the  centre  the  tendency 
is  all  for  easterly  winds,  while  in  the  south  the  predominating  direction  is 
westerly.  Along  the  east  coast  of  the  North  Island — that  is,  in  front  of 
the  central  isobar  of  30-3  in. — southerlies  prevail. 

As  the  whole  system  moves  forward  to  the  east  the  winds  over  the 
North  Island  will  “  back  ”*  (or  change  in  an  opposite  direction  to  the  motion 
of  the  pointers  of  a  clock) — i.e.,  from  easterly  to  northerly  ;  while  in  the 
South  they  will  “  veer  "  (or  change  in  the  same  direction  to  the  motion  of  the 
pointers  of  a  clock) — i.e.,  from  west  to  northerly. 

Such  an  anticyclone,  in  summer,  would  account  for  high  temperature 
in  the  daytime,  and  the  nights  would  be  cool  ;  frosts  might  even  occur 
at  some  of  the  high  inland  places. 

Anticyclone  centred  North  of  New  Zealand. 

Fig.  2  is  a  case  where  an  anticyclone  is  centred  in  more  northern  latitudes, 
and  pressure  shows  a  gradual  decrease  southwards,  in  which  quarter  is  the 
steepest  baric  gradient.  The  trend  of  the  isobars  is  approximately  due 
west  and  east  over  New  Zealand,  and  favourable  to  strong  westerly  winds, 
especially  over  the  South  Island  and  in  Cook  Strait.  With  this  distribution 
of  pressure  showery  weather  is  experienced  on  the  western  coast,  extending 
as  far  north  as  Cape  Egmont  at  least,  and  also  often  passing  through  Cook 
Strait. 

This  is  a  type  of  pressure  which  is  rather  prevalent  in  the  spring,  and  to 
which  the  continued  dry  weather  so  often  experienced  at  this  season  of  the 
year  in  the  eastern  provinces  is  accountable. 

The  normal  track  of  our  anticyclones  varies  according  to  the  seasons, 
being  located  in  higher  latitudes  in  the  summer  than  in  the  winter.  In  the 
spring  months  the  position,  then,  would  be  midway,  as  shown  in  fig.  2,  and 
this  would  therefore  appear  to  be  the  critical  period  for  the  east  coast  dis¬ 
tricts,  especially  as  precipitation  then  is  more  urgently  required  for  growing 
crops. 

Anticyclone  centred  South  of  New  Zealand. 

Fig.  3,  the  chart  of  23rd  June,  1913,  proves  an  exception  to  the  above 
rule,  for  instead  of  being  in  lower  latitudes  in  this  case  the  “  high  ”  centre 
is  considerably  to  the  south  of  the  Dominion,  while  relatively  low  pressure 
exists  to  the  northward. 

This  synoptic  chart,  as  will  be  readily  seen,  is  the  reverse  of  the  preceding 
one  (fig.  2)  ;  as  the  latter  was  representative  of  westerly  type  of  weather, 
fig.  3  may  be  taken  as  a  high-pressure  system  in  which  easterly  and  south¬ 
easterly  winds  are  dominant.  It  was  responsible  for  a  spell  of  intensely  cold 
weather  in  the  east-coast  districts,  with  heavy  passing  showers,  particularly 
northward  of  Kaikoura.  In  the  western  districts  clear  skies  ruled,  with 
frosty  nights. 


*  The  terms  “veering”  and  “backing”  were  originally  used  to  express  the  change 
of  wind-direction  with  and  against  the  sun’s  apparent  movement.  The  International 
Meteorological  Committee,  however,  in  1905,  adopted  the  following  resolution  : 
“  Meteorologists  in  either  hemisphere  are  requested  to  denote  by  the  word  ‘  backing  ’ 
a  change  of  wind-direction  at  the  place  of  observation  (or  on  board  ship)  in  the  direction 
west-south-east-north  (counter-clockwise)  —  irrespective  of  accompanying  changes  of 
weather — and  to  use  the  word  ‘  veering  ’  to  denote  a  change  in  the  opposite  direction — 
west-north-east-south  (clockwise).”  (Rep.  Internal.  Met.  Conf.  at  Innsbruck,  Sept.,  1905, 
p.  41,  item  47.)  In  the  Southern  Hemisphere  the  terms  are,  therefore,  now  used  in  the 
reverse  sense  to  that  in  which  they  were  original] y  employed. 
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Weather  chart,  2nd  October,  1915.  Anticyclone  in  north  ;  Fig.  3.— Weather  chart,  23rd  June,  1913.  Extensive  anticyclone 

low  pressure  southwards.  centred  south  of  New  Zealand  ;  relatively  low  pressure  north¬ 

wards. 
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The  centre,  shown  in  the  chart  south  of  New  Zealand,  was  only  one  of 
several  existing  in  this  anticyclone,  which  proved  to  be  an  exceptionally 
extensive  one  and  reached  over  almost  the  whole  of  Australia.  After  the 
front  had  moved  farther  eastward  conditions  improved  in  the  eastern 
districts,  the  centre  following  taking  apparently  a  more  northerly  track  over 
the  Dominion. 

Variation  in  Annual  Rainfall. 

When  referring  to  fig.  2  it  was  pointed  out  that  the  normal  position 
of  the  east-west  axis  of  anticyclones  is  different  in  summer  and  winter.  In 
summer  the  mean  track  is  a  little  south  of  Auckland,  while  in  winter  it  is 
along  the  latitude  of  the  Kermadec  Islands.  In  some  years,  however,  the 
movement  of  these  “  highs  ”  is  much  farther  north  or  south  of  the  normal 
path,  and  this  extreme  migration  has  an  important  bearing  on  the  climate 
of  certain  portions  of  New  Zealand,  especially  with  regard  to  the  annual 
amount  of  rainfall.  The  effect  is  particularly  noticeable  in  the  case  of  the 
North  Auckland  district,  and  the  annual  rainfall  records  of  the  city  of 
Auckland  present  some  interesting  features  in  years  when  the  anticyclonic 
track  has  been  abnormal.  For  instance,  in  1914,  which  was  a  year  when  the 
high-pressure  belt  was  in  more  northern  latitudes  than  usual,  the  fall  was 
only  28-42  in.  (—  35  per  cent,  of  mean),  while  in  1916  and  1917,  when  the  belt 
had  receded  south  of  its  normal  track,  the  total  falls  were  66-36  in.  (+  52  per 
cent,  of  mean)  and  74-15  in.  (+  70  per  cent,  of  mean)  respectively. 

The  district  of  Canterbury  is  affected  chiefly  by  the  more  northern 
position  of  the  belt,  and  the  rainfall  does  not  show  any  marked  effect  from 
the  southern  extension.  In  1914  the  total  year’s  fall  at  Christchurch  was 
19-90  in.  (—  21  per  cent,  of  mean).  In  1916  and  1917,  however,  the  rain¬ 
fall  was  about  the  average,  but  slightly  above  it  in  the  latter  year.  The 
rainfall  returns  for  Dunedin,  which  may  be  taken  as  representative  of  the 
southern  districts,  in  some  cases  show  a  fall  below  the  average  when  that 
at  Auckland  in  the  same  year  of  abnormal  anticyclonic  movement  is  above 
it ;  but  this  rule  is  by  no  means  consistent  in  the  records,  and  so  it  would 
appear  that  the  extreme  south  is  not  greatly  affected  by  the  variation  from 
the  normal  of  the  anticyclonic  track  in  any  year. 

The  excessive  rainfall  in  the  northern  districts  when  the  high-pressure 
systems  move  in  higher  latitudes  is  brought  about  by  the  greater  number 
of  extra-tropical  cyclones,  which  are  then  able  to  approach  within  effective 
range  of  the  northernmost  portion  of  New  Zealand.  On  the  other  hand, 
when  the  high-pressure  areas  are  in  lower  latitudes,  Antarctic  or  westerly 
depressions  extend  farther  north,  and  the  west-coast  and  southern  districts 
of  the  South  Island  receive  heavy  rains.  The  conclusion  to  be  drawn  is 
that  in  years  when  extra-tropical  cyclones  are  more  numerous  Antarctic  or 
westerly  areas  of  low  pressure  are  less  in  evidence,  and  vice  versa ,  and  this 
the  records  have  generally  proved. 

Since  the  annual  rainfall  at  Auckland  shows  a  marked  relationship  to 
the  abnormal  positions  of  these  anticyclonic  belts,  it  might  be  expected  to 
show  evidences  of  any  cyclical  movement  if  any  such  existed,  but  from 
records  which  extend  back  to  1864  no  definite  periods  in  the  intervals  of 
maximum  or  minimum  swings  of  the  anticyclonic  belts  can  be  deduced. 
The  periods  between  the  years  of  maximum  rainfall,  and  also  between  the 
years  of  minimum  rainfall,  appear  to  be  altogether  irregular,  ranging  from 
one  to  ten  years  for  the  former  and  one  to  eight  years  for  the  latter.  The 
mean  period  in  both  cases  is  4-4  years. 

(To  be  continued.) 
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THE  LOCATION  OF  LONG-DISTANCE  ELECTRIC 

TRANSMISSION  -  LINES. 

By  G.  P.  Anderson,  B.E. 

In  connection  with  the  Government’s  intention  of  tapping  some  of  the 
sources  of  water-power  in  this  country,  one  of  the  principal,  if  not  the 
biggest,  undertakings  will  be  the  erection  of  transmission-lines  to  distribute 
the  power  to  the  various  centres  and  also  to  country  districts.  Nearly 
four  hundred  miles  of  these  main  distribution-lines  have  already  been 
located  in  the  North  Island  alone,  and  there  is  vastly  more  to  be  done  before 
the  country  is  completely  reticulated. 

This  paper  is  written  with  the  object  of  describing  the  methods  which 
have  been  found  necessary  in  the  field  and  in  the  office  in  order  to  expedite 
the  work  of  surveying  and  of  plotting  the  results,  and  the  precaution  to  be 
observed  in  locating  the  supports  according  to  the  configuration  of  the 
country.  The  paper  has  further  for  its  objects  the  preparation  of  charts 
suitable  for  application  to  field-work,  and  explains  the  principles  and 
method  of  constructing  the  charts. 

The  location  of  long-distance  transmission-lines  may  be  regarded  as 
determined  in  three  stages  : — 

(1.)  The  route  is  usually  settled  beforehand  from  maps  and  considerations 
of  market.  It  may  have  to  be  modified  to  suit  the  natural  features  of  the 
country,  which  may  be  rough,  swampy,  or  subject  to  fogs  or  salt-spray  or 
some  other  undesirable  feature. 

(2.)  General  location  along  a  valley  or  a  ridge  or  across  a  flat  can  usually 
be  decided  after  a  casual  inspection  of  the  country.  It  may  be  necessary, 
however,  to  run  trial  lines,  and  to  take  into  account  the  cost  of  construction 
and  facility  of  patrol,  as  well  as  length  and  mechanical  and  electrical 
features,  before  making  a  final  choice. 

(3.)  Precise  location  entails  the  exact  fixing  of  lines  and  angles  and  the 
spacing  of  poles  so  as  to  give  the  requisite  clearance  and  ensure  stability 
under  all  conditions.  It  is  to  facilitate  this  that  these  notes  and  diagrams 
have  been  prepared. 

We  have  four  primary  factors  to  consider — viz.,  tension  in  the  wire, 
weight  of  wire  per  unit  of  length,  total  loading,  and  temperature  ;  and  four 
secondary  factors — viz.,  sag-deflection,  sag-extension  (difference  in  length 
between  arc  and  chord),  elastic  extension,  and  thermal  expansion. 

The  curve  assumed  by  a  flexible  wire  between  two  points  of  support 
is  the  catenary.  It  will  be  shown  later  how  nearly  the  catenary  approaches 
in  form  to  the  parabola  when  the  value  of  the  tension  is  great  compared  to 
the  weight  per  unit  length.  The  catenary  is  produced  as  the  result  of 
uniform  loading  along  the  arc,  while  the  parabola  is  obtained  by  loading 
uniformly  along  the  chord. 

Fig.  1  represents  a  catenary  suspended  at  the  points  A  and  B.  Consider 
a  length  OP  of  the  curve.  This  will  be  in  equilibrium  under  the  action  of  a 
tension  t  at  P  acting  along  the  tangent  to  the  curve  at  P,  a  tension  T 
acting  along  a  tangent  at  0,  which  is  horizontal,  and  a  force  representing 
the  weight  of  the  length  of  OP  acting  vertically  through  the  centre  of 
gravity  of  the  section  at  G,  the  value  of  which  is  ws  where  o)  is  the  weight 
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per  unit  length  and  s  the  length  OP.  These  forces  meet  at  Q.  Produce 
OQ  to  meet  a  vertical  through  P  in  N  ;  then  the  triangle  PQN  may  be 
taken  to  represent  the  triangle  of  forces,  from  which  it  will  be  seen  that  the 
following  relations  hold  : — 

PN  =  CS  =  T  sin  PQN,  QN  =  T  =  T  cos  PQN,  PN/QN  =  ~=  tan  PQN 


According  to  the  properties  of  the  catenary,  the  horizontal  component 
of  the  tension  at  any  point  along  the  wire  is  constant,  and  is  therefore  equal 
to  the  tension  T  at  0.  Let  T  be  represented  by  a  length  c  of  wire  whose 
weight  is  numerically  equal  to  T  ;  then  T  =  wc. 


B 


Proceeding  to  the  limit  we  now  have  the  following  equation 

dy  o os  ojs  s 

dx  T  wc  c  ’ 

In  order  to  determine  y  in  terms  of  s  we  have 
PN  o;5 


■(!)• 


whence 


5  -j.  dy 

PQ  \/w2S 2  +  oo2C2  Vs2  -f-  C2  ds 


y  = 


Jv 


s2  +  c5 


ds  =  V  s2  +  c2  +  A 


when  y  =  o,  5  =  0;  then  A  =  —  c  and  y  =  V  s2  -f-  c2  —  c  oi  y  c  =  V s'2  c2 

If  now  the  axis  of  x  be  displaced  to  a  distance  c  from  the  apex,  so  that 
y  —  c  when  x  =  0,  we  have 

y  =  Vs2  -f-  °r  y2  ~  s2  +  °2  . (2) 

where  y  is  the  ordinate  referred  to  the  new  axis. 
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Referring  to  fig.  1,  the  new  axis  of  x  is  shown  passing  through  O',  the 
distance  00'  being  equal  to  c.  0'  now  becomes  the  origin  of  the  co-ordinates. 

The  relationship  established  in  equation  (2)  is  shown  in  fig.  1  by  the 
triangle  PTM,  obtained  by  the  following  construction  :  Produce  the  tangent 
PQ  to  T,  and  make  PT  equal  in  length  to  the  arc  PO  ;  drop  a  perpendicular 
from  P  to  intercept  the  axis  of  x  at  M,  and  draw  a  perpendicular  MT  from 
M  on  to  PT  ;  then  PM2  =  PT2  +  MT2  ;  but  as  PM  =  y  and  PT  =  s,  TM 
must  be  equal  to  c  in  accordance  with  equation  (2). 

Again,  PM,  or  the  ordinate  of  any  point  P  on  the  curve,  represents  the 

tension  at  that  point  for  y  =  Vs2  -j-  c2  and  wy  =  V/ o)2s2  -f-  w2c2,  but 

o )2c2  —  T2,  the  tension  in  the  wire  at  0  and  V w2s2  -f -  w2c2  is  the  resultant 

tension  at  P  previously  denoted  by  r.  Therefore  (»y  =  t  ;  that  is  to  say, 
the  tension  at  any  point  along  the  wire  is  equal  to  the  weight  of  wire  equal 
in  length  to  the  ordinate  y  or  PM.  When  x  =  o,  y  =  c,  and  the  tension 
=  cjC  =  T. 

Let  the  half-span  be  denoted  by  l  and  the  dip  or  sag  by  d.  Then  the 
co-ordinates  of  the  point  of  suspension  B  are  l  and  c  -f-  d.  The  tension 
at  B  is  to  (c  -f  d),  in  accordance  with  the  foregoing  principles,  and  as  o x 
is  the  tension  at  0  the  tension  at  B  is  T  -f  cod  ;  likewise  the  tension  at  any 

other  point  is  T  -f-  tod'  where  d'  is  the  vertical  distance  from  the  point  in 

question  to  the  horizontal. 

It  is  now  desired  to  express  y  in  terms  of  x  so  as  to  get  the  relation 
between  the  co-ordinates,  and  from  that  the  relation  between  the  dip  and 
the  span.  To  obtain  this,  substitute  in  equation  (1)  the  value  of  s  in  terms 
of  y  ;  then 

dy _ s _ .  Vy2  —  c2 

dx  c  r 


whence 


when  x 


x 


i  — 


dy 


=  c  log  (y  +  Vy2  —  c2)  +  B 


Vy2  — 

o,  y  =  c  ;  then  B  =  —  log  c,  consequently 


X  =  c  log 


y 


V y2  —  c2 


=  c  cosh' 


1 1 
c 


(3). 


X  X 

By  inversion  we  have  y  —  c  cosh  -,  and  on  expanding  cosh  -  we  obtain 

c  c 

1  /v»  2  1  4 

y  =  c^+7_ 2^  +  /4^  +  &C') 

X 

Under  ordinary  conditions  of  tension  and  span  -  is  a  small  fraction,  and 

c 

the  third  term  and  higher  terms  of  the  series  become  negligible,  and  on 
rejecting  these  terms  we  have 

1  x2 


y~c\l  +  2T* 

which  is  identical  with  the  equation  between  the  co-ordinates  of  a  parabola. 

In  order  to  obtain  a  relation  between  s  and  x  differentiate  equation  (3) 
and  substitute  in  equation  (1),  and  we  have 


/y»  2  ry\  4 

S=ltl  +  67*+1207  +  k 


(4) 
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The  equation  connecting  s  and  x  for  a  parabola  is  as  follows  : 


®  u  + 


xz 

6c: 


x- 


40c' 


-j-  &c. 


from  which  it  will  be  seen  that  provided  the  third  and  succeeding  terms 
are  negligible  the  two  equations  yield  identical  results. 

The  distance  c  is  known  as  the  modulus  of  the  catenary,  and  is  twice 
the  focal  distance  of  the  corresponding  parabola. 

From  the  above  equations  it  will  be  seen  how  closely  the  two  curves 
resemble  one  another.  And  seeing  that  the  properties  of  the  catenary,  as 
represented  by  its  formulae,  usually  contain  the  curvilinear  dimension  s, 
the  formulae  for  the  parabola,  being  all  straight-line  dimensions,  are  more 
convenient. 

In  considering  the  properties  of  a  suspended  wire  with  reference  to 
transmission-lines  it  will  be  sufficient  if  we  consider  all  cases  which  provide 
extreme  conditions.  Considering  that  a  wire  is  subject  to  changing 
temperatures  with  the  consequent  changes  in  length,  and  to  wind- 
pressures,  it  will  be  seen  that  we  have  four  cases  to  consider  :  (1)  Mini¬ 
mum  temperature  with  high  wind  ;  (2)  maximum  temperature  with  high 

wind  ;  (3)  minimum  temperature  in  still  air  ;  (4)  maximum  temperature  in 
still  air. 


Case  1  gives  the  limit  of  tensile  stress.  Case  2  gives  the  greatest  deflec¬ 
tion  ;  but  since  with  increasing  wind  the  angle  of  deflection  becomes  more 
nearly  horizontal,  the  vertical  deflection  will  always  be  less  than  in  case  4. 
Case  3  is  the  limiting  condition  for  stability,  and  will  be  considered  later. 
Case  4  is,  as  we  have  seen,  the  condition  of  greatest  vertical  deflection,  and 
is  the  subject  of  our  first  inquiry. 

Dealing  with  very  high  voltages,  which  unless  properly  safeguarded 
would  become  a  grave  menace  to  life  and  property,  it  is  of  the  utmost 
importance  that  the  wires  should  be  carried  at  a  sufficient  height  to  render 
any  chance  contact  impossible.  For  this  purpose  poles  or  supports  must 
be  provided  of  sufficient  height,  and  spaced  in  such  a  way  that  at  no  point 
shall  the  wire  approach  nearer  than  the  regulation  safe  distance  from  the 
ground.  The  diagram  fig.  3  has  been  prepared  to  show  the  maximum 
sag-deflection  between  supports  for  different  values  of  span  and  variation 
of  temperature. 

Before  we  can  determine  this  we  must  first  determine  the  tension  in 
the  wire.  Fig.  2  shows  how  this  can  be  done  graphically. 

An  approximation  is  made  throughout  the  following  pages  in  taking 
T  as  the  maximum  tension  in  the  wire  instead  of  only  the  horizontal  com¬ 
ponent.  In  certain  extreme  cases  it  is  necessary  to  consider  the  vertical 
component  also.  In  general,  however,  the  assumption  may  pass.  At  the 
outset  we  have  assumed  a  value,  q,  representing  the  ratio  of  load  under 
wind-pressure  to  load  in  still  air.  The  precise  value  that  should  be  given 
to  q  is  indefinite,  depending  on  factors  which  are  partly  calculable  and 
partly  accidental.  A  value  sufficiently  wide  must  be  given  to  cover  all 
contingencies,  with  a  little  to  spare.  Taking  a  liberal  value  for  q,  we  may 
in  general  ignore  the  vertical  component  of  tension. 

In  order  to  reduce  sag-deflection  to  a  minimum,  the  wire  in  case  1, 
the  most  extreme  condition  of  loading,  is  taken  as  stressed  to  the  yield- 
point,  which  for  copper  is  25,000  lb.  per  square  inch.  We  can  now  obtain 
the  tension  in  still  air  from  the  following  formula,  the  derivation  of  which 
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is  given  on  pages  4  and  5  of  a  pamphlet  by  Mr.  E.  Parry,  entitled  Cable 

Spans  3  T  2  |  *  Y»2A.  )  xWk 

‘•+1.  |  6T-T-l,r  6 

where  x  =  half  the  span  (variable)  ; 

q  :  ratio  of  loading,  in  this  case  —  2*38  ; 

co  :  weight  per  unit  length  —  2-587  lb.  per  link  for  copper  ; 

A  —  elastic  modulus  of  wire  ; 

Tq  =  tension  under  extreme  loading  =  25,000  lb.  per  square  inch  ; 

T0  =  tension  in  the  unloaded  wire. 

Values  of  T0  for  different  values  of  x  are  shown  as  lines  of  datum  tempera¬ 
ture  in  figs.  2  and  3. 

The  length  of  wire  in  a  span  is  subject  to  three  separate  variations,  due 
to  sag,  tension,  and  temperature. 

By  equation  (4)  we  have  for  a  level  span  (we  shall  show  later  that  slope 
makes  no  difference) 

(  .  X2  )  X3  .  X3 

s  =  x'i  1  +  6?  )  =a:  +  6?or(s  —  *)  =  6^ 


s  and  x  refer  to  half  the  span  reckoning  from  the  apex, 
span  we  have  ^3 

Sag-extension  =  2  ( s  —  x)  =  . 

OC  “ 


For  the  whole 

. (5). 


These  values  are  shown  for  various  spans  in  fig.  2,  curving  upwards  from 
right  to  left. 

Elastic  Contraction. — As  the  tension  decreases  the  wire  contracts  by 
an  amount  depending  on  the  elastic  modulus  of  copper,  which  is  taken 
as  16  X  106.  This  contraction  is  shown  in  fig.  2,  by  straight  lines  from 
the  intersection  of  sag-lines  with  the  line  of  datum  temperature.  Now, 
at  datum  temperature  we  have  equilibrium,  the  sag-extension,  and  elastic 
strain  balancing.  Then  the  temperature  rises  and  the  wires  slacken,  sag- 
extension  increases,  and  elastic  strain  decreases.  We  must  still  have 
equilibrium,  therefore  thermal  expansion  must  make  up  the  difference,  or 
St  =  Se  -j-  Ss. 

Take,  for  example,  an  8-chain  span.  The  tension  at  datum  tempera¬ 
ture  is  13,900.  If  now  the  temperature  rises  90°  F.,  causing  an  expansion 
of  90  X  800  X  9  X  10  ~6  =  0-648  of  a  link  where  the  coefficient  of  thermal 
expansion  is  taken  as  9  X  10 ~6.  Take  this  distance  on  the  scale  and  slide 
it  along  the  elastic  line  of  8  chains  till  it  just  fits  between  the  elastic  and 
sag  lines,  and  thus  determine  the  tension,  10,760,  at  which  the  three 
balance.  Other  points  are  obtained  in  the  same  way,  and  isothermal  lines 
are  drawn  for  30°,  60°,  90°,  and  120°  F. 

Fig.  3  shows  sag-deflection  in  feet  as  ordinates  with  tension  as  abscissae, 
the  isothermal  lines  with  respect  to  tension  being  transferred  from  fig.  2. 

In  using  these  diagrams  we  have  to  estimate  the  maximum  possible 
range  of  temperature  to  which  the  wires  will  be  subjected.  Suppose  this 
is  90°  :  then,  following  up  the  90°  line  where  it  intersects  the  span  lines 
we  read  directly  the  tension  and  sag-deflection. 

Where  suspension  insulators  are  used  and  spans  are  not  all  of  the  same 
length,  owing  to  longitudinal  movement  of  the  point  of  support,  the  tension 
will  become  approximately  uniform  between  anchorages.  Since  sag-exten¬ 
sion  varies  as  the  cube  of  the  span,  the  tension  will  tend  to  approach  that 
of  the  longer  span. 


*E.  Parry,  Cable  Spans,  Public  Works  Department,  Wellington,  N.Z.,  1917. 
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It  happens  that  the  range  of  tension  along  the  90°  isothermal  is  small, 
and  for  all  practical  purposes  the  tension  may  be  taken  as  constant.  Sag- 
deflection  then  becomes  proportional  to  the  square  of  the  span. 


CO  * 

For  office  use  a  template  may  be  cut  from  the  formula  y  =  — ,  giving 

AC 

the  proper  value  to  c,  using  a  distorted  scale  for  convenience  ;  then  on  the 
longitudinal  section  slide  the  template  along  the  tee  square  till  the  two 
points  of  support  lie  on  the  curve  ;  draw  in  the  curve  and  measure  the 
clearances  vertically. 

So  far  only  level  spans  have  been  considered.  It  is  a  well-known  pro¬ 
perty  of  the  parabola  that  the  locus  of  middle  points  of  all  parallel  chords 
is  a  diameter  passing  through  the  point  of  contact  of  the  tangent  parallel 
to  those  chords. 

It  follows  from  this  that  the  greatest  sag  is  always  at  midspan. 


Now,  in  the  parabola  OADF  (fig.  4)  take  any  chord  AF,  C  being  its 


middle  point.  Let  OB  =  z  and  the  span  —  2x.  Then,  since  y  = 


z 

AB  =  2c 


DE  = 
FG  = 
CE  = 


(z  - \-  x) 2 
2c 

(z  2x)2 
~2c 

AB  +FG 


The  maximum  sag  in  the  span  AF 

=  CD  =  CE  —  DE 
=  AB  +  FG  -  DE 

z2jr{zjr2x)2  (z  A*)2 


4c 


2c 


x* 

2 o' 


x * 
2c 


.(6). 
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Sag-deflection  is  therefore  dependent  on  x  and  c  only;  and  is  independent 
of  slope. 

Where  there  is  considerable  difference  in  level  between  anchorages  the 
tensile  stress  at  the  higher  end  will  be  greater  than  at  the  lower  end,  and 
since  wy  =  r  the  difference  in  tension  is  equal  to  the  weight  of  wire  equal 
in  length  to  the  difference  of  level. 

Thus,  if  one  end  of  a  strain  is  255  ft.  higher  than  the  other,  taking 
copper  as  weighing  3-92  lb.  for  1  ft.  X  1  sq.  in.,  there  will  be  a  difference 
in  tension  of  1,0001b.  per  square  inch  between  the  two  ends.  The  tension 
at  the  top  cannot  be  increased  or  under  wind  load  it  will  exceed  the  elastic 
limit ;  therefore  the  tension  at  the  lower  end  will  be  less  and  the  sag  cor¬ 
respondingly  increased.  This  is  true  whether  the  drop  is  all  in  one  span 
or  distributed  over  several  spans  in  a  strain.  For  this  reason  it  is  advis¬ 
able  to  have  a  strain  at  the  foot  of  any  considerable  drop.  A  more  definite 
reason  for  placing  a  strain  at  the  foot  of  a  hill  will  be  discussed  when  con¬ 
sidering  stability. 

In  the  above  statement  it  is  assumed  that  the  wire  passes  over  free 
rollers.  This  is  not  strictly  true,  the  wire  being  attached  to  insulators 
which  are  free  to  swing  about  the  point  of  suspension.  As  the  tension 
downhill  increases,  the  insulators  will  swing  over  in  that  direction,  and  in 
so  doing  will  relieve  to  some  extent  the  disparity  of  tension. 

Stability. 

So  long  as  the  line  passes  over  level  country  or  country  with  an  even 
slope  the  weight  of  the  wire  and  insulators  is  sufficient  to  ensure  stability. 
Even  under  high  wind  the  insulators  will  always  be  in  tension,  though 
inclined  at  a  considerable  angle.  But  where  the  middle  one  of  three  poles 
lies  considerably  below  the  line  of  the  other  two  there  may  be  no 
weight  on  the  insulators  at  all,  or  the  tension  in  the  wire  may  even  lift  and 
buckle  the  string  of  insulators.  When  this  occurs  the  wires  must  be  held 
down  in  some  way.  This  can  be  done  by  tying  down,  using  a  second  set 
of  insulators  below  the  wire,  or  by  making  that  pole  a  straining-point. 
A  method  sometimes  employed  is  attaching  a  weight  under  the  wire.  This 
is  objectionable,  tending  to  accentuate  swinging. 

Fig.  5  shows  the  limiting  slopes  which  may  be  allowed  without  special 
provision  being  made.  It  also  shows  the  direction  and  extent  of  vertical 
pull  under  all  conditions. 

We  need  only  consider  the  condition  of  datum  temperature  in  still  air, 
since,  if  the  insulators  are  in  tension  then,  they  will  be  more  so  under  any 
other  condition. 

In  the  parabola  ABCD  (fig.  6)  take  any  chord  BC.  From  the  apex  A 
draw  a  chord  AD  parallel  to  BC.  Let  the  middle  points  of  these  two 
chords  be  distant  2  from  the  axis. 

Since  in  the  parabola  x  =  2 c  tan  <9,  AF  =  2z  =  2c  tan  DAF,  or  z  =  c  tan  6 
where  6  =  angle  of  slope. 

Now,  the  distance  of  the  apex  from  the  lower  end  of  the  chord 

■  -  AG  =  {z  —  x)  =  c  tan  0  —  x.  .  .  .  . . .  (7). 

Similarly,  AH  =  (z  +  x)  =  c  tan  <9  -J-  x. 

Values  of  apex  distance  (z  —  x)  for  various  values  of  x  and  0  are 
shown  in  fig.  5. 
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If  z  is  less  than  x  the  apex  lies  within  the  span,  and  the  pull  of  the  wire 
is  always  downward.  If  2  is  greater  than  x  the  apex  lies  without  the  span. 
If  z  =  x  the  apex  is  at  the  end  of  span,  and  when  z  —  0,  at  mid-span. 
Example  :  The  span  is  800  links  and  the  slope  5°  00'.  Then  x  =  400, 

and  c,  by  fig.  2,  =  =  5370. 

z  —  x  c  tan  0  —  x 

=  5370  tan  5°  -  400 
=  69. 

Therefore  the  apex  is  69  links  outside  the  span,  and  we  have  an  upward 
pull,  the  amount  being  the  weight  of  69  links  of  wire. 

In  order  to  ascertain  whether  the  line  is  stable  we  have  to  consider  the 
adjoining  span  also  and  ascertain  the  resultant  vertical  pull.  Owing  to  the 
property  of  the  parabola  established  in  equation  (6)  that  the  curvature  with 
respect  to  the  x  axis  is  independent  of  slope,  we  may  regard  the  slopes  as 
purely  relative.  Consider  the  two  terminal  points  in  adjoining  spans  as  on 


the  same  level,  and  regard  only  the  change  in  slope  at  the  middle  point. 
Thus  if  we  have  two  spans,  one  of  800  links  sloping  down  4°  00'  and  one  of 
600  links  sloping  up  3°  00',  the  change  of  slope  is  7°  00'.  From  the 
diagram  fig.  5  the  limiting  angle  for  8  chains  is  4°  16'  and  for  6  chains 
2°  43'.  Their  sum  is  6°  59'.  We  therefore  miss  stability  by  1',  or  we  may 
say  that  stability  is  practically  neutral. 

As  in  connection  with  fig.  3,  if  the  spans  are  of  unequal  length  the 
tension,  and  therefore  c,  will  not  always  correspond  with  that  shown  for  any 
particular  span.  The  error  will,  as  a  rule,  be  inconsiderable.  In  a  special 
case  we  may  refer  directly  to  equation  (7),  giving  the  proper  value  to  c. 

It  is  interesting  to  note  in  connection  with  fig.  5,  where  the  curves 
are  plotted  for  a  parabola  and  are  tangent  curves  which  are  very  nearly 
straight  lines,  that  the  corresponding  lines  for  the  catenary  lie  about  mid¬ 
way  between  the  curve  and  the  tangent  at  the  line  of  zero  slope. 

We  have  thoroughly  examined  what  happens  under  various  conditions 
m  still  air,  and  it  only  remains  to  form  some  idea  what  happens  under 
wind  load. 

When  wind  load  comes  on,  the  tension  in  the  wire  increases,  the  wire 
stretches,  and  therefore  sag-deflection  increases. 
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The  increase  in  length  for  half-span 


=  s. 


si  = 


x  (T2  —  tj 
E 


where  E  is  the  elastic  modulus  of  the  material. 
Also,  from  (4), 


X' 

6c, 


x * 


X' 


1 


1 


Sl  2  6c 1 2  6  lc22  ct2 


whence 


+  (S2-Sl)' 


Taking  successive  values  of  T2  in  the  first  equation  we  obtain  (s2  —  s\), 

T., 

and  then  substituting  obtain  c2.  Then  qm  =  — 

C2 

The  results  are  plotted  in  the  upper  portion  of  fig.  7,  showing  c  as 
abscissae  and  qw  as  ordinates.  From  this  the  lower  diagram  is  prepared, 
showing  sag-deflection  for  various  values  of  qw. 


Methods  of  Working. 

Generally  speaking,  at  least  two-thirds  of  the  work  in  locating  a  trans¬ 
mission-line  must  be  done  by  the  engineer  or  some  one  competent  to  run  a 
trial  line.  Hence,  unless  there  is  clearing  to  be  done,  it  is  not  advisable  to 
have  a  party  of  more  than  two — one  chainman  capable  of  running  trial  lines 
in  the  easier  portions,  and  a  reserve  chainman — the  engineer  being  free 
when  required  to  prospect  ahead  of  the  line. 

Before  commencing  actual  survey  the  engineer  should  have  a  thorough 
knowledge  of  the  country  for  several  miles  ahead,  and  a  general  knowledge 
very  much  farther  ahead,  probably  to  the  end  of  the  survey.  In  running 
lines  across  country  more  often  than  not  you  have  to  work  on  the  blind. 
In  a  line  a  mile  long  you  may  never  be  able  to  see  more  than  10  chains 
ahead.  It  is  a  good  test  of  judgment  in  such  cases  to  see  how  close  one 
can  go  to  a  fixed  object. 

Having  selected  a  line,  it  is  advisable  to  continue  it  till  it  becomes 
apparent  how  it  may  be  improved.  This  may  be  done  by  going  back  a 
certain  distance  and  angling,  or  going  back  the  whole  distance  and  off¬ 
setting.  If  the  offsets  are  long  or  complicated  it  will  be  better  to  calculate 
the  new  bearing  and  run  a  fresh  line.  It  is  remarkable  how  in  hilly  or 
more  particularly  undulating  country  a  very  small  offsetting  will  alter  the 
whole  character  of  the  line. 

It  should  be  borne  in  mind  that  the  length  of  a  line  is  not  so  much  a 
matter  of  how  many  chains  as  how  many  poles  and  insulators  are  required. 

When  ranging  long  lines  with  the  prismatic  compass,  having  fixed  the 
bearing,  the  compass  should  not  be  depended  on  to  keep  the  line  straight, 
but  rather  wherever  possible  the  line  should  be  ranged  with  flagged  poles 
or  by  some  conspicuous  mark  on  or  near  the  sky-line. 

In  conclusion,  the  following  tables  will  be  found  useful  in  the  field  for 
testing  doubtful  points. 

The  height  of  the  point  of  suspension  is  taken  as  31.  ft.  and  the  minimum 
clearance  allowable  24  ft.,  leaving  for  flat  country  7  ft.  for  sag-deflection. 
This  corresponds  with  a  span  of  6  chains.  In  Table  I  and  column  2  of 
Table  II  c  is  taken  as  uniform  and  equal  to  4,100. 
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Table  I. 


Span. 

Maximum 
Sag  in 

Still  Air. 

Distance  from  Pole  at  which  Wire  drops. 

5  Feet. 

7  Feet. 

9  Feet. 

Links. 

Feet. 

I 

400 

3-2 

.  . 

•  • 

500 

5-3 

•  • 

,  , 

600 

7-25 

140 

300 

700 

9-8 

112 

181 

270 

800 

12-8 

91 

135 

190 

900 

16-0 

78 

114 

156 

1,000 

20-0 

70 

100 

134 

1,200 

29-0 

56 

80 

106 

1,400 

39-0 

48 

68 

88 

1,600 

52-0 

41 

58 

73 

1.800 

65-0 

37 

52 

67 

2,000  ..  .. 

1 

80-0 

33 

47 

60 

Columns  3,  4,  and  5  are  useful  to  test  clearance  at  a  point  near  the  pole. 


Table  II. 


Distance. 

Minimum  Slope 
required  to  give 
Clearance. 

Maximum  Slope 
required  for 
Stability. 

Links. 

100 

5°  18' 

-  0°  19' 

200 

1°  37' 

-  0°  41' 

300 

0°  00' 

-  1°  06' 

400 

-  1°  17' 

1°  34' 

500 

-  2°  17' 

2°  06' 

600 

-  3°  11' 

2°  43' 

700 

-  4°  or 

3°  27' 

800 

-  4°  49' 

4°  16' 

900 

-  5°  36' 

5°  03' 

1.000 

-  6C  22' 

5°  53' 

1,200  . 

-  7°  50' 

7°  45' 

1,400 

-  9°  13' 

8°  55' 

1.600 

-  10°  38' 

10°  26' 

1,800 

-  12°  00' 

11°  48' 

2,000 

-  13°  24' 

13°  14' 

If  we  have  a  doubtful  point  between  two  poles,  measure  the  slope  and 
distance  from  each  pole.  Then  compare  the  change  of  slope  with  the  sum 
of  the  slopes  corresponding  to  the  respective  distances  in  column  2  and  then 
in  column  3.  If  the  change  of  slope  exceeds  either,  the  pull  will  always 
be  upward,  and  clearance  is  assured  and  a  pole  saved.  If  the  change  of 
slope  is  less  than  either,  the  pull  is  always  downwards,  when  a  pole  becomes 
necessary.  Should  the  change  of  slope  lie  between  the  two  values  the 
pull  will  be  sometimes  up  and  sometimes  down,  in  which  case  we  have  to 
provide  anchorage. 
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ASTRONOMICAL  NOTES. 

The  Origin  of  New  Stars  (No.  2). 

The  Source  of  the  Energy. 

Our  Sun  is  continually  sending  out  radiant  energy  in  every  direction 
through  space  with  such  intensity  that  on  each  square  centimetre  of  any 
surface  directly  facing  it,  at  the  distance  of  the  Earth,  1-932  gramme  calories 
fall  each  minute.*  This  implies  that  over  575,000  calories  per  minute  pass 
through  each  square  inch  of  the  Sun’s  surface  —  enough  to  raise  10  pints 
of  water  from  freezing  to  boiling  point.  Novae  that  have  been  observed 
exceeded  the  Sun  as  a  source  of  radiant  energy  at  least  10,000  times.  They 
rose  in  a  few  hours  from  invisibility  or  comparative  insignificance  to  this 
marvellous  state  of  radiant  activity.  Any  theory  as  to  the  origin  of  new 
stars  must  therefore  account  in  a  satisfactory  manner  for  this  tremendous 
and  astonishingly  rapid  transformation  of  energy.  The  inadequacy  of 
“  sun-spots  on  a  vaster  scale,”  “  volcanic  eruptions  from  the  interior  fur¬ 
naces  of  a  crusted  sun,”f  and  even  of  chemical  action,  as  possible  causes  of 
such  phenomena  is  at  once  apparent. 

If  the  body  consisted  entirely  of  hydrogen  and  oxygen  in  the  exact 
proportions  necessary  for  complete  combustion  the  heat  evolved  during  the 
explosion  in  each  gramme  of  the  mixture  would  be  only  about  3,800 
calories  ;  if  it  consisted  entirely  of  dynamite  it  would  be  1,321  calories. 

Quite  apart  from  the  extreme  improbability  of  any  such  chemical  action, 
the  quantities  of  heat  involved  are  insufficient  to  account  for  the  observed 
facts.  The  only  cause  so  far  suggested  that  is  able  to  do  so  is  some  form 
of  collision.  The  energy  transformed  into  heat  in  this  case  being  directly 
proportional  to  the  square  of  the  velocity  destroyed,  there  is  practically  no 
limit  to  the  temperature  that  may  be  produced.  The  velocity  required  to 
produce  any  particular  thermal  effect  is  easily  calculated  from  the  formula 

Kinetic  energy  =  \mv2 
wdiere  m  is  the  mass  and  v  the  velocity. 

For  example,  to  raise  the  temperature  of  water  1°  C.  a  velocity  of 
approximately  100  yards  per  second  must  be  destroyed.  Two  express 
trains  moving  with  a  velocity  of  one  mile  per  minute  and  meeting  head 
on,  if  all  their  kinetic  energy  was  transformed  into  heat,  would  generate 
sufficient  to  raise  the  temperature  of  an  equal  mass  of  water  ~°  C. 

Now,  a  body  drawn  from  an  infinite  distance  to  the  Sun’s  surface  would 
acquire  a  velocity  of  380  miles  per  second,  or  22,800  times  that  of  an 
express  train.  Its  kinetic  energy  would  therefore  be  519,840,000  times  as 
great.  If  its  specific  heat  were  unity  its  temperature  would  be  raised  more 
than  45,000,000°  C.,  and  if  its  specific  heat  were  0-03  it  would  be  raised 
over  1,500,000,000°  C. 

In  the  case  of  two  bodies  like  our  Sun  drawn  together  from  rest  at 
stellar  distance — say,  as  far  apart  as  our  Sun  and  a  Centauri — the  impact 
would  begin  when  their  centres  were  a  Sun’s  diameter  apart.  At  that 
moment  the  kinetol,  or  kinetic  energy  per  unit  mass,  would  be  only  half 
what  it  would  be  if  their  centres  were  a  radius  apart,  and  half  the  work 


*  Companion  to  the  Observatory,  1919,  p.  32. 
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would  have  been  done  on  each  sun,  so  the  rise  in  temperature  would  be 
only  one-quarter  of  that  mentioned  in  the  last  example. 

But,  on  the  other  hand,  most  stars  have  considerable  proper  motions, 
and  in  nearly  all  cases  of  collision  these  initial  velocities  will  increase  the 
relative  velocity  of  the  impact. 

Again,  the  attraction  between  suns  is  proportional  to  the  product  of 
their  masses ;  so  in  considering  a  collision  between  a  pair  of  exactly  equal 
and  similar  suns  we  may  say  that,  other  things  being  equal,  the  force  that 
draws  them  together  is  proportional  to  the  square  of  their  common  density. 
Doubtless  many  stars  are  denser  than  our  Sun,  and  if  twice  as  dense  they 
would  meet  with  twice  the  velocity. 

A  collision  of  two  stars,  then,  is  capable  of  transforming  kinetic  energy 
into  heat  in  such  enormous  quantity  for  each  unit  of  mass  involved 
that  the  resulting  temperature  may  be  hundreds  of  millions  of  degrees 
centigrade. 

As  far,  then,  as  the  requisite  energy  is  concerned,  the  impact  of  two 
stars  is  well  able  to  account  for  the  phenomenon.  But  some  astronomers, 
while  granting  that  this  is  true,  consider  that  the  chance  is  very  small 
of  impacts  between  stars  occurring  sufficiently  frequently  to  account  for 
the  numbers  of  observed  novae,  and  point  out  that  impacts  between  other 
orders  of  celestial  bodies  are  more  likely. 

The  probability  of  stellar  impacts  will  be  discussed  later.  Meanwhile, 
let  us  consider  briefly  the  last  objection. 

In  our  solar  system,  in  addition  to  the  Sun  and  its  attendant  planets 
with  their  satellites,  there  are  numerous  comets  and  countless  meteorites. 
In  our  Milky  Way,  besides  the  stars  which  probably  have  their  own 
planetary  systems,  there  are  star  clusters,  planetary  nebulae,  and  the  great 
irregular  gaseous  nebulae.  Outside  the  Milky  Way  there  are  between 
half  a  million  and  a  million  spiral  nebulae  within  the  range  of  the  largest 
existing  telescopes.  Each  one  of  these  is  probably  a  cosmic  system,  perhaps 
resembling  our  own  Milky  Way. 

Now,  everything  in  the  Universe,  as  far  as  we  know,  is  in  rapid  motion, 
and  these  motions,  though  doubtless  organized,  appear  to  us  almost  as 
indiscriminate  as  those  of  molecules  in  a  gas.  And  just  as  the  molecules 
of  a  gas  encounter  one  another  in  their  rapid  flight,  so  cosmical  bodies  and 
systems  of  every  order  appear  liable  to  collide.  We  should  therefore  study 
the  probable  effects  of  every  possible  variety  of  celestial  encounter  and  see 
whether  any  of  them  agree  with  the  facts  of  observation. 

It  is  often  stated,  for  example,  that,  gaseous  nebulae  being  extremely 
large,  and  stars  by  comparison  insignificantly  small,  the  impact  of  a  star 
with  a  nebula  is  much  more  probable  than  of  one  star  with  another.  This 
is  reasonable  enough  ;  but  to  suggest  that  a  typical  nova  is  the  result  of 
such  a  collision  is  a  very  different  matter. 

Gaseous  nebulae,  though  of  enormous  volume,  have  very  small  masses, 
and  must  be  of  exceedingly  low  density.  That  of  the  Great  Nebula  of 
Orion  has  been  estimated  not  to  exceed  one  ten-thousand-millionth  part  of 
the  density  of  air  at  normal  atmospheric  pressure,*  and  the  density  of  air 
is  less  than  one  thousandth  part  of  that  of  the  Sun. 

On  approaching  such  a  nebula  a  star  would  not  have  its  velocity  appreci¬ 
ably  increased,  and  it  would  enter  the  nebula  with  about  its  original  proper 
motion.  Supposing  this  to  be  30  miles  a  second,  or  one-tenth  of  a  relative 
velocity  that  is  common  in  the  case  of  stellar  impacts,  let  us  consider  the 


*  Clarke,  Problems  in  Astrophysics,  p.  534. 
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relative  quantities  of  energy  transformed  in  equal  times  in  the  two  classes 
of  collision. 

The  impact  of  two  stars  like  our  Sun  is  over  in  less  than  an  hour,  as 
may  be  calculated  from  the  known  dimensions  and  velocities.  The  sudden 
rise  of  most  novae  to  their  maximum  brightness  also  supports  this  con¬ 
clusion.  In  this  brief  time  the  kinetic  energy  of  the  parts  that  actually 
come  into  collision  is  nearly  all  changed  into  heat.  During  an  equal  time 
the  quantity  of  energy  transformed  by  the  impact  of  a  star  with  a  nebula 
would  be  only  10-14  times  as  great.  Even  if  we  suppose  the  nebulous  matter 
to  be  drawn  in  from  surrounding  space,  so  that  the  effective  area  of  impact 
is  increased  a  hundred  times,  still  the  heat  energy  liberated  in  the  first 
hour  would  be  only  one  billionth  (1012th)  part  of  that  transformed  in  the 
same  interval  in  the  purely  stellar  clash.  Thus  the  effect  produced  in  an 
hour  in  one  case  is  spread  over  114,000,000  years  in  the  other. 

Impacts  of  stars  with  nebulae  are  doubtless  occurring  continually,  but 
there  is  nothing  catastrophic  about  them.  The  increase  of  temperature  is 
so  slow  as  to  be  imperceptible.  It  is  to  the  impact  of  denser  bodies  that  we 
must  look  for  the  origin  of  novae,  and  it  is  the  grazing  character  of  such 
impacts  that  furnishes  the  key  to  the  solution  of  the  problem. 

A.  C.  G. 


The  Date  of  Easter. 

The  British  Act  of  Parliament  defining  Easter  Day  states  that  “  Easter 
Day  is  always  the  first  Sunday  after  the  full  moon  which  happens  upon, 
or  next  after,  the  21st  March  ;  and  if  the  full  moon  happens  upon  a  Sunday, 
Easter  Day  is  the  Sunday  after.” 

A  number  of  arithmetical  rules  have  been  devised  for  the  calculation 
of  the  date  of  Easter,  but  most  of  them  are  subject  to  exceptions.  How¬ 
ever,  A.  M.  W.  Downing’,*  a  former  Superintendent  of  the  British  Admiralty 
Nautical  Almanac ,  quotes  a  rule  which  has  the  great  advantage  of  being 
subject  to  no  exceptions.  The  rule  was  sent  to  Nature  (April  20,  1876)  by 


a  “  New  York  correspondent,”  and  is  as  follows 
Divide  By 

Quotient. 

Remainder. 

The  year 

19 

•  « 

a 

The  year 

100 

b 

c 

b 

4 

d 

e 

5  +  8  . . 

25 

f 

«  « 

6  —  /  -f  1 

3 

9 

•  e 

19a  -f-  b  —  d  —  g  -f-  15 

30 

«  . 

h 

c 

4 

i 

j 

32  -j-  2e  -b  2 i  —  h  —  j 

7 

„  e 

k 

a  -J-  11  h  22 k  .  . 

451 

l 

»  » 

h  +  k  —  7^  +  114 

31 

m 

n 

Then  m  is  the  number  of  the  month  of  the 

year, 

and  it  +  1  is 

the  number 

of  the  day  of  the  month  on  which  Easter  falls. 
Example  :  Find  Easter  Day  for  the  year  1919 
a  =  0  ;  5  =  19;  c  =  19 ;  d  =  4  ;  e  =  3  ; 

A.D. 

/  =  i ;  g  = 

6  ;  h  =  24  ; 

i  =  4  ;  j  —  3  ;  k  =  5  ;  £  =  0  ;  m 
Hence  Easter  Day  is  April  20. 

=  4; 

n  =  19. 

C.  E.  A. 

*  A.  M.  W.  Downing,  The  Observatory,  May,  1916,  p.  217. 
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DEPARTMENTAL  REPORTS. 

Talc,  Manganese-ore,  Clay  and  Fullers’  Earth,  and  Oil- 

shale  in  New  Zealand. 

Bv  P.  G.  Morgan,  Director,  New  Zealand  Geological  Survey. 

TALC. 

The  last  annual  report  of  the  Geological  Survey  gave  general  infor¬ 
mation  concerning  the  New  Zealand  localities  in  which  talc  (also  called 
“  soapstone,”  “  steatite,”  “  French  chalk,”  or  “  potstone  ”)  occurs.  It  may 
perhaps  be  as  well  to  add  that  in  the  Collingwood  district  talc  occurs — - 
(1)  on  the  Parapara  River,  near  the  mouth  of  Dam  Creek,  and  also  higher 
up-stream  near  Richmond  Flat ;  (2)  on  the  ridge  overlooking  the  Takaka 
Sluicing  Company’s  claim  (Waikoromumu  River)  ;  and  (3)  at  other  locali¬ 
ties  concerning  which  no  information  is  available. 

The  talc  rock  on  the  Parapara  River  near  Richmond  Flat  and  near  the 
mouth  of  Dam  Creek  is  distinctly  schistose,  light  grey  in  colour,  and  (accord¬ 
ing  to  N.Z.  Geol.  S urv.  Bull.  No.  3)  too  scaly  to  be  of  commercial  value, 
except  possibly  as  a  lubricant  when  pulverized.  The  correctness  of  the 
latter  statement  may  perhaps  be  questioned.  The  localities  are  fairly 
accessible,  and  therefore  deserve  further  examination. 

The  talc  on  the  ridge  above  the  Takaka  Sluicing  Company’s  claim  occurs 
for  about  20  chains  in  the  form  of  isolated  outcrops,  forming  part  of  a  strip 
of  ultra-basic  rocks  surrounded  by  granite  or  allied  rock.  It  is  greyish  in 
colour,  more  compact  and  purer  than  the  talc  rock  of  the  Parapara  River. 
The  locality  may  be  defined  as  being  on  the  north  side  of  Campbell  Creek, 
four  miles  west-south-west  of  Waitapu  Wharf.  The  various  localities  men¬ 
tioned  are  shown  on  the  maps  accompanying  N.Z.  Geol.  Surv.  Bull.  No.  3, 
1907,  and  descriptions  of  the  talc  occurrences  appear  on  page  67. 

There  are  numerous  occurrences  of  talc  rock  in  North  Westland,  most 
of  which  are  described  in  Bulletins  Nos.  1  and  6.  The  most  northerly 
of  these  is  in  the  mountainous  country  east  of  Lake  Poerua,  about  a  mile 
up  a  small  stream  known  locally  as  Soapstone  Creek.  This  enters  the 
Taramakau  near  the  railway-bridge  at  Jackson.  The  locality  was  visited 
by  the  writer  about  September,  1906.  The  main  talc  band  is  about  20  ft. 
wide,  and  appears  to  be  of  good  quality.  It  strikes  to  the  north-east  (on 
a  bearing  of  42°)  and  dips  at  about  60°  to  the  north-west.  A  few  yards 
up-stream  is  another  band  which  contains  much  actinolite.  No  great  diffi¬ 
culty  would  be  experienced  in  making  a  road  down  the  valley  of  Soapstone 
Creek,  but  it  is  doubtful  if  the  talc  is  sufficiently  valuable,  even  at  the 
present  time,  to  warrant  the  cost  of  construction. 

The  talc,  or  soapstone,  of  Taipo  Gorge  is  described  in  N.Z.  Geol.  Surv. 
Bull.  No.  1,  1906,  pp.  75-76.  The  band  has  a  maximum  width  of  50  ft., 
strikes  20°  east  of  north,  and  dips  at  85°  to  the  north  of  west.  It  is  not 
very  pure. 

Several  lenses  of  talc  occur  on  the  Griffin  Range,  in  the  headwaters  of 
Griffin  Creek.  Most  of  these  are  described  in  Bulletin  No.  1,  pp.  74-75, 
and  two  analyses  are  also  given.  A  talc  lens  not  mentioned  in  the  bulletin 
occurs  between  the  New  Zealand  Serpentine  Company’s  quarry  (see  Special 
Report  No.  15)  and  the  summit  of  Mount  Griffin.  The  talc  contains  nume- 
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rous  spots  of  iron  oxide,  and  if  opened  up  would  probably  be  found  to  be 
pyritic.  Apart  from  this  it  is  of  fair  quality,  and  some  is  comparatively 
free  from  the  defect  mentioned. 

Many  miles  south-westward  a  band  of  talc  rock  about  30  ft.  thick  is 
exposed  in  the  Whakarira  Gorge  of  the  Kokatahi  River.  This  is  somewhat 
impure,  and  passes  into  talc-serpentine  rock.  High  on  the  slopes  of  Mounts 
Jumbletop  and  Bowen  there  are  long  bands  or  lenses  of  talc,  most  of  which 
is  contaminated  by  quartz  and  oxide  of  iron.  A  20  ft.  lens  of  talc  rock 
associated  with  the  serpentine  a  quarter  of  a  mile  east  of  the  summit  of 
Jumbletop  is  of  dark  colour,  but  appears  to  be  tolerably  pure.  Crystal¬ 
lized  talc  of  great  purity  is  found  in  small  pockets  here  and  there  in 
association  with  the  talc  and  serpentine  rocks  of  north  Westland.  Bands 
of  green  talc  schist  are  common  in  the  neighbourhood  of  the  talc  and 
serpentine  outcrops.  These  have  no  economic  value  at  the  present  time. 
Bands  of  talc-actinolite  rock  which  furnish  beautiful  hand-specimens  are 
also  not  uncommon. 

Owing  to  the  difficulty  of  access  none  of  the  talcose  rocks  in  the  water¬ 
sheds  of  the  Kokatahi  and  Hokitika  Rivers  can  be  said  to  have  any  value 
at  the  present  time.  A  fairly  full  account,  with  analyses,  is  given  in  N.Z. 
Geol.  Surv.  Bull.  No.  6,  1908,  pages  147-49. 

Prices  of  Talc. 

Prior  to  the  war  crude  talc  and  steatite  in  the  United  States  were  worth 
from  £1  to  £2  per  ton  at  the  factory.  Since  1915  the  prices  have  risen,  but 
no  definite  data  have  been  obtained.  In  1914  British  prices  of  “  French 
chalk  ”  were  from  £3  to  £7  per  ton,  according  to  quality,  the  higher  price 
being  paid  for  material  from  Italy.  At  the  present  time  prices  range  from 
£9  to  £16  per  ton.  The  very  highest  grades  of  talc,  used  for  toilet-powder, 
electric  insulators,  gas-tips,  pencils,  &c.,  are  worth  from  £20  per  ton  up¬ 
wards.  At  the  present  time  coloured  French  chalk  for  tailors’  use  is  being 
sold  in  New  Zealand  at  something  like  10s.  per  pound,  and  the  manufac¬ 
ture  of  crayons,  &c.,  in  New  Zealand  from  local  talc  appears  to  be  a  feasible 
undertaking  for  any  person  acquainted  with  the  technical  details. 

MANGANESE-ORE. 

Manganese-ores — or,  rather,  mineral  substances  containing  a  large  per¬ 
centage  of  manganese — have  been  found  in  many  parts  of  New  Zealand. 
In  the  first  place  a  list  of  such  localities  will  be  given,  followed  by  such 
further  information  about  the  more  noteworthy  occurrences  as  is  available.* 

Rhodonite,  the  silicate  of  manganese,  occurs  in  the  following  localities  : — 

1.  Coromandel.  Bull.  No.  4,  1907,  p.  104. 

2.  Thames.  Bull.  No.  10,  1910,  pp.  36,  41,  72. 

3.  Waiheke  Island.  Skey,  according  to  Park,  1910. 

4.  Makara,  near  Wellington.  Lab.,  No.  20,  1886,  p.  45,  and  No.  47, 

1914,  p.  54. 


*  The  abbreviated  reference  Lab.  refers  to  the  annual  reports  of  the  Colonial 
Museum  and  Laboratory,  or,  in  later  years,  the  Colonial  Laboratory  and  Dominion 
Laboratory  annual  reports.  The  Reports  of  Geological  Explorations  issued  under  the 
direction  of  Sir  James  Hector  are  referred  to  by  number  and  date  of  publication,  and 
New  Zealand  Geological  Survey  Bulletins  (new  series)  in  the  same  way.  Transactions  of 
the  New  Zealand  Institute  is  abbreviated  to  Trans.  Authors  are  generally  referred  to 
by  surname  and  date  of  publication  of  their  report,  paper,  or  book. 
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5.  Hokitika  River,  as  loose  boulders.  Bull.  No.  0,  1918,  p.  123. 

6.  Ross.  Lab.,  No.  19,  1.885,  p.  37. 

7.  Kawarau,  Dunstan,  and  Clutha.  Cox,  Trans.,  vol.  14,  1882,  p.  426. 

8.  Skipper’s  Point  (Shotover  River).  Bull.  No.  7,  1909,  p.  95. 

9.  Hindon,  Otago.  Morgan,  MS. 

10.  Waipori,  Otago.  Bull.  No.  19,  1918,  p.  39  (“  Cemetery  Lode  ”). 

None  of  these  occurrences  can  be  said  to  have  any  commercial  value. 
Skey’s  analysis  of  a  very  impure  specimen  of  rhodonite,  containing  much 
oxide  of  iron,  mentioned  by  Hector  in  Rep.  Geol.  Explor.,  No.  21,  1892, 
p.  117,  has  not  been  further  traced. 

Rhodochrosite  or  dialogite,  the  carbonate  of  manganese,  occurs  at — 

1.  Pahi,  North  Auckland.  Lab.,  No.  49,  1916,  p.  21. 

2.  Tararu.  Lab.,  No.  6,  1871,  p.  23  ;  Bull.  No.  10.  See  also  Rep. 

Geol.  Explor.,  No.  6,  1871,  p.  85,  and  Cox,  1882,  p.  426. 

3.  Talisman  Mine,  Karangahake.  Bull.  No.  16,  1913,  p.  90. 

4.  Waitekauri.  Park,  1910. 

5.  Waihi,  Waihi  Grand  Junction,  and  Waihi  Beach  Mines.  Bull. 

No.  15,  1912,  p.  59. 

6.  Near  Kaitake  Range  (Pukeiti  Hill),  Taranaki.  Lab.,  No.  47,  1914, 

p.  26. 

7.  Paraparaumu.  Lab.,  No.  24,  1890,  p.  35,  and  No.  33,  1900,  p.  14. 

8.  Makara.  Trans.,  vol.  14,  1882,  p.  426  ;  Lab.,  No.  23,  1889,  p.  64  ; 

Skey,  1870  (according  to  Hector,  1892). 

9.  Whareama.  Lab.,  No.  23,  1889,  p.  63  (sample  No.  4950). 

The  occurrence  of  rhodochrosite  near  Paraparaumu  may  be  of  some 
importance.  Large  boulders  of  the  mineral  were  found  in  or  about  1888, 
and  the  parent  lode  was  discovered  some  time  later.  In  1899  it  was 
examined  by  Alexander  McKay,  whose  report  will  be  found  in  Parliamentary 
Paper  C.-9,  1889  (bound  in  Mines  Report),  pp.  2-3.  Analyses  of  the  ore 
give  63*02  and  84*2  per  cent,  of  manganese  carbonate,  with  some  calcium 
carbonate,  silica,  &c.  Some  of  the  material  is  very  siliceous  (?  rhodonite). 
McKay  states  that  the  outcrop  has  been  traced  for  a  distance  of  5  to 
7  chains,  and  over  a  range  in  height  of  200  ft.  The  thickness  of  the  lode 
at  the  outcrop  varies  from  3  ft.  to  10  ft. 

The  various  oxides  of  manganese,  with  or  without  combined  water,  have 
a  very  wide  distribution  in  New  Zealand.  In  the  list  of  occurrences  given 
below  no  attempt  to  separate  the  various  minerals  will  be  made.  This 
can  be  done  to  a  considerable  extent  by  consulting  the  references  supplied. 
Pyrolusite  and  braunite  occur,  but  the  commonest  manganese  minerals 
are  the  hydrous  oxides  manganite  and  psilomelane.  Wad,  containing  up 
to  30  per  cent,  of  water,  is  common  as  a  surface  deposit  and  in  the  gold¬ 
mines  of  the  Hauraki  Peninsula. 

The  localities  where  manganese  oxides  have  been  recorded  are  nearly 
all  in  the  following  list : — 

1.  Mangonui.  Lab.,  No.  25,  1891,  p.  66,  and  No.  28,  1894,  p.  18. 

2.  Whangaroa  district,  various  localities.  Bull.  No.  8,  1909,  pp.  94-95  ; 

Lab.,  No.  42,  1909,  p.  28. 

3.  Waimate  North.  Same  references  as  Whangaroa. 

4.  Okaihau.  Ijab.,  No  28,  1894,  p.  19. 

5.  Bay  of  Islands,  Russell,  &c.  Lab.,  No.  3,  1868,  p.  13  (no  analysis)  ; 

No.  13,  1878,  p.  27  (Rapaka)  ;  No.  14,  1879,  p.  33  (Manawara)  ; 

No.  16,  1882,  p.  39  ;  No.  23,  1889,  pp.  59,  63  ;  No.  27,  1893, 

pp.  35-36. 
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6.  Rapaka,  Bay  of  Islands.  Lab.,  No.  13,  1878,  p.  27. 

7.  Manawara,  Bay  of  Islands.  Lab.,  No.  14,  1879,  p.  33. 

8.  Tikitikiora  or  Tikiora,  Bay  of  Islands.  Rep.  Geol .  Explor.,  No.  21, 

1892,  pp.  xxii-xxiii. 

9.  Cook’s  Point,  Bay  of  Islands.  Same  reference  as  8. 

10.  Ruapekapeka.  Lab.,  No.  28,  1894,  p.  27. 

11.  Hikurangi.  Lab.,  No.  27,  1893,  pp.  33-34. 

12.  Whangarei.  Lab.,  No.  10,  1875,  p.  21. 

13.  Parua  Bay,  Whangarei.  Lab.,  No.  26,  1892,  p.  34. 

14.  Mangapai,  Whangarei.  Lab.,  No.  26,  1892,  pp.  34-35.  and  No.  43, 

1911,  p.  18. 

15.  Waipu.  Cox,  1882,  p.  424  ;  J.  A.  Pond,  Trans.,  vol.  21,  1889, 

p.  356. 

16.  Avoca  (Onetea),  Hobson  County.  Lab.,  No.  41,  1908,  p.  28. 

17.  Kawau  Island.  Lab.,  No.  14,  1879,  p.  33. 

18.  Waiheke  Island.  J.  A.  Pond.  Trans.,  vol.  21,  1889,  p.  355  ;  Lab., 

No.  16,  1882,  p.  39. 

19.  Pakihi  (Pahiki)  Island.  Hutton,  Trans.,  vol.  1,  1869,  p.  167  (2nd  ed., 

1875,  p.  113)  ;  Lab.,  No.  13,  1878,  p.  27  (name  spelt  “  Pahaki,” 
and  possibly  refers  to  another  locality). 

20.  Hauraki  Goldfield  (many  mines).  See  early  Lab.  reports,  and  Bull. 

Nos .  4,  10,  15,  and  16. 

21.  Waikato  district.  Lab.,  No.  23,  1889,  p.  60. 

22.  Wairoa  South.  Lab.,  No.  47,  1914,  p.  26. 

23.  Egmont  National  Park,  Mount  Egmont,  &c.  Lab.,  No.  41,  1908, 

pp.  28-29  ;  No.  46,  1913,  p.  22  ;  No.  47,  1914,  p.  26. 

24.  Napier  (?).  Lab.,  No.  10,  1875,  p.  20. 

25.  Mount  Vernon,  Waipukurau.  Lab.,  No.  15,  1880,  p.  39. 

26.  Red  Island,  Hawke’s  Bay  (a  peninsula).  Rep.  Geol.  Explor .,  No.  18, 

1887,  pp.  xxxvi,  190  ;  Lab.,  No.  26,  1892,  p.  34. 

27.  Waimarama,  Hawke’s  Bay.  Rep.  Geol.  Explor.,  No.  18,  1887, 

pp.  xxxvi,  190  ;  Lab.,  No.  15,  1880,  p.  38. 

28.  Te  Awaiti  (east  coast,  Featherston  County).  Lab.,  No.  26,  1892, 

p.  35. 

29.  Porirua,  near  Wellington.  Lab.,  No.  5,  1870,  p.  18  (no  analysis 

given). 

30.  Ohariu,  west  of  Wellington.  Lab.,  No.  16,  1882,  pp.  37-38  ; 

No.  17,  1882,  pp.  34-35. 

31.  Terawhiti.  Lab.,  No.  16,  1882,  p.  38  ;  No.  18,  1883,  p.  48  :  No.  28, 

1894,  p.  18. 

32.  Makara,  near  Wellington.  Lab.,  No.  23,  1889,  pp.  63-64  ;  No.  24, 

1890,  p.  34  ;  No.  28,  1894,  p.  19. 

33.  Berhampore,  Wellington.  Lab.,  No.  27,  1893,  p.  34. 

34.  Kilbirnie  and  Maranui,  Wellington.  Lab.,  No.  41,  1908,  p.  28  ; 

No.  42,  1909,  p.  28  ;  No.  43,  1910,  p.  18. 

35.  Wright’s  Farm,  near  Wellington.  Lab.,  No.  28,  1894,  pp.  18-19. 

36.  Tory  Channel.  Hector,  Rep.  Geol.  Explor .,  No.  21,  1892,  p.  113. 

37.  Queen  Charlotte  Sound,  Picton,  &c.  Lab.,  No.  13,  1878,  pp.  26,  27  ; 

No.  18,  1883,  p.  66  (no  analysis  given). 

38.  Blenheim  district.  Lab.,  No.  17,  1882,  p.  35. 

39.  Flaxbourne.  Cox,  Trans.,  vol.  14,  1882,  p.  425.  (Flaxbourne 

is  now  called  “  Ward.”) 

40.  Marlborough.  Lab.,  No.  34,  1901,  pp.  15-16. 
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41.  Port  Hardy,  D’Urville  Island.  Lab.,  No.  4,  1869,  p.  15  (no  analysis 

given). 

42.  Nelson  district.  Lab.,  No.  18,  1883,  p.  48  (two  analyses). 

43.  Waimakariri.  Cox,  1882,  p.  424  ;  Hector ,  Rep.  Geol.  Explor.,  No.  21, 

1892,  p.  113. 

44.  Malvern  Hills.  Lab.,  No.  3,  1868,  p.  13  (no  analysis  given).  Cox, 

1882,  p.  424,  refers  to  the  same  sample  (braunite). 

45.  Selwyn  River.  Cox,  Trans.,  vol.  14,  1882,  p.  424. 

46.  Ashburton  district.  Lab.,  No.  27,  1893,  p.  33. 

47.  Rakaia.  Lab.,  No.  26,  1892,  p.  35. 

48.  Nenthorn,  Otago.  Lab.,  No.  25,  1891,  p.  66. 

49.  Taieri  Mouth.  Hutton  and  Ulrich,  Geology  of  Otago,  1875,  p.  149  ; 

Lab.,  No.  22,  1887,  p.  50,  and  No.  25,  1891,  pp.  66-67  ;  Rep. 

Geol.  Explor.,  No.  21,  1892,  pp.  lix-lxiii. 

50.  Tokomairiro  (Milton).  Lab.,  No.  8,  1873,  p.  27  (no  analysis  given). 

51.  Dome  Mountain,  Southland.  Lab.,  No.  24,  1890,  p.  35. 

52.  Stewart  Island.  Lab.,  No.  24,  1890,  pp.  35-36  (two  analyses). 

There  are  various  other  records  of  manganese-ore,  or  manganese-bearing 
rock,  most  of  which  are  attributed  to  indefinite  localities,  such  as 
“  Auckland.”  “  Rimutaka  Range,”  “  vicinity  of  Wellington,”  “Canterbury,” 
“  Southland,”  &c.  The  “  black  Maoris”  of  the  Otago  gold-diggers  consist 
in  most  cases  of  rolled  pebbles  formed  of  a  mixture  of  iron  and  manganese 
oxides  (see  Park,  Bull.  No.  7,  1909,  p.  95). 

The  localities  that  merit  further  description  are  Bay  of  Islands,  Parua 
Bay,  Waiheke  Island,  Pahiki  Island,  vicinity  of  Wellington,  and  Taieri 
Mouth. 

Near  the  top  of  the  hill  Tikiora  or  Tikitikiora,  about  three  miles  south-east 
of  Russell,  on  the  north  side  of  Waikare  Inlet,  manganese-ore  was  mined 
well  over  fifty  years  ago.  Mining  continued  at  intervals  for  thirty  years  or 
more,  and  in  all  a  considerable  tonnage  of  ore  was  extracted.  The  workings 
and  a  section  through  Tikitikiora  Hill  are  briefly  described  by  Hector  in 
Rep.  Geol.  Explor.,  No.  21,  1892,  pp.  xxii-xxiii.  Hector  also  mentions 
manganese-ore  at  Cook's  Point,  on  the  south  side  of  Waikare  Inlet  (p.  xxiii). 
The  ore  at  Tikitikiora  was  lowered  by  wire  rope  to  the  water’s  edge,  then 
loaded  into  punts,  which  transferred  it  to  vessels  for  transmission  to 
Auckland.  This  method  of  loading  was  adopted  owing  to  the  shallow 
water  of  the  little  arm  of  Waikare  Inlet  near  the  mine  (J.  A.  Pond,  Trans., 
vol.  21,  1889,  p.  355). 

During  the  “eighties”  of  last  century  some  high-grade  manganese-ore 
was  mined  at  Parua  Bay,  near  Whangarei  (Pond,  Trans.,  vol.  21,  1889, 
pp.  355,  356). 

According  to  Pond,  manganese-mining  on  a  large  scale  in  the  Auckland 
Province  first  began  at  Waiheke  Island  about  1876  or  a  little  later.  The 
ore  was  carted  from  the  mine  to  the  water’s  edge,  where  it  was  loaded  into 
cutters  and  taken  to  Auckland.  At  that  port  it  was  discharged  direct  into 
sailing-vessels — the  old  wool  clippers — which  took  it  at  a  low  freight  on 
account  of  its  value  as  ballast.  Manganese-mining  at  Waiheke  ceased  some 
time  in  the  “  nineties.” 

In  the  Auckland  mines  described  by  Pond  the  ore  occurred  in  irregular 
patches  or  bunches,  some  of  which  yielded  several  hundred  tons  of  shipping 
grade.  The  material  had  to  be  carefully  picked,  for  as  mined  it  generally 
contained  a  good  deal  of  haematite,  clay,  and  siliceous  gangue.  There  were 
no  true  lodes,  though  in  places  the  bunches  of  ore  had  the  appearance  of 
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lodes,  and  two  or  more  such  bunches  might  be  connected  in  an  irregular 
kind  of  way.  The  ore  shipped  contained  over  70  per  cent,  of  manganese 
dioxide,  and  was  generally  low  in  impurities,  though  in  some  cases  these 
reached  20  per  cent.,  including  4  to  10  per  cent,  of  iron  oxides.  Phos¬ 
phorus  in  the  samples  analysed  by  Pond  was  present  to  the  extent  of  0*188 
to  0-3  per  cent. 

In  the  western  part  of  Pakihi  (or  Pahiki)  Island,  a  small  island  in  the 
Hauraki  Gulf  (south  of  Ponui  Island),  the  red  and  brown  jasperoid  “  slates  ” 
(argillites),  according  to  Hutton,  contain  numerous  bands  of  manganese- 
ore,  about  an  inch  thick.  These  generally  run  parallel  to  the  cleavage 
(?  bedding)  of  the  “  slates,”  but  in  places  are  at  right  angles  to  it.  On 
the  west  coast  of  the  island  large  quantities  of  manganese-ore  could  be 
obtained  at  small  expense  (Hutton,  Trans.,  vol.  1,  1869,  p.  167  ;  2nd  ed., 
1875,  p.  113).  The  ore  appears  to  be  almost  entirely  psilomelane,  with 
possibly  a  little  pyrolusite. 

In  the  Waimarama  district,  near  Red  Island  peninsula,  manganese-ore 
in  some  quantity  was  discovered. many  years  ago.  A  proposal  to  work  the 
ore  was  abandoned,  probably  owing  to  the  falling  price  of  manganese-ore 
and  the  rise  in  freight  when  steamers  displaced  the  sailing-vessels  that  used 
to  ship  heavy  ores  at  low  rates  on  account  of  their  value  as  ballast. 

There  are  numerous  small  deposits  of  manganese  oxides  near  the  city 
of  Wellington,  and  if  there  were  any  local  industry  requiring  manganese 
some  of  these  could  be  worked.  A  fairly  large  deposit  of  manganite, 
according  to  Skev,  was  discovered  near  Ohariu  about  1881  {Lab.,  No.  16, 
1882,  pp.  37-38)/ 

Manganese-ore  was  discovered  south  of  Taieri  Mouth  in  1862  by  Sir 
James  Hector,  and  its  occurrence  there  was  mentioned  by  Hutton  in  1875. 
About  1890  further  discoveries  were  made  in  the  same  locality  by  Mr.  F. 
Joseph  and  others.  A  considerable  amount  of  prospecting  was  done,  and 
100  tons  or  more  of  ore  was  mined  and  exported.  The  workings  were 
inspected  and  reported  upon  by  Hector,  who  considered  that  there  was  a 
manganese-bearing  stratum,  three  times  repeated  from  east  to  west,  owing 
to  folding  of  the  strata.  His  section  shows  an  anticline,  followed  to  the 
west  by  a  syncline.  At  one  place  Hector  saw  6  ft.  of  solid  ore,  together 
with  an  equal  thickness  of  manganese-impregnated  rock.  Analyses  of  the 
ore  showed  that  it  was  mainly  manganite  of  good  quality,  containing  in 
some  samples  87  per  cent,  of  manganese  sesquioxide.  The  better  samples 
contained  from  48  to  58*1  per  cent,  of  metallic  manganese.  Several  com¬ 
plete  and  partial  analyses  are  quoted  by  Hector.  These  show  that  oxidized 
compounds  of  copper,  cobalt,  barium,  and  zinc  are  present  in  small  quan¬ 
tity,  but  nickel  was  not  found.  This  element,  however,  has  been  identified 
as  present. 

Prices  of  Manganese-ore,  etc. 

Fifty  or  sixty  years  ago,  when  manganese  dioxide  was  extensively  used 
for  the  manufacture  of  chlorine,  good  prices  for  ores  high  in  dioxide  (pyro¬ 
lusite,  psilomelane)  were  obtained.  The  spent  manganese  liquor  (manganous 
chloride)  was  either  run  to  waste  or  regenerated  by  a  troublesome  and  costly 
process  (Charles  Dunlop’s).  In  1867  a  much  more  perfect  and  less  expen¬ 
sive  process  was  invented  by  Walter  Weldon,  and  during  the  next  ten  or 
twenty  years  was  universally  adopted,  with  the  result  that  the  price  of 
manganese-ores  fell  50  per  cent,  or  more  ;  and  had  it  not  been  for  the 
use  of  ferro-manganese,  or  spiegel,  in  the  Bessemer  process  of  steelmaking 
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(patented  by  Musliet  in  1856,  less  than  a  year  after  Bessemer’s  basic  patent 
of  7th  December,  1856)  manganese-mining  would  have  been  reduced  to  a 
very  low  ebb.  For  many  years  past  manganese  has  been  used  more  and 
more  for  the  production  of  manganese  steel.  The  uses  of  manganese  salts, 
such  as  potassium  permanganate,  have  also  extended.  Until  the  outbreak 
of  war  in  1914,  however,  the  factors  tending  to  cause  a  rise  in  market  prices 
were  completely  counterbalanced  by  other  factors,  such  as  the  discovery 
and  mining  of  large  deposits  in  Bussia,  India,  and  Brazil,  which  tended  to 
keep  prices  down.  War  conditions  have  caused  a  great  increase  in  the 
demand  for  and  the  price  of  manganese-ores,  but  this  increase  is  due  not 
so  much  to  the  scarcity  of  manganese  as  to  high  freights.  In  1891  the 
value  of  manganese-ore  was  determined  mainly  by  its  metal  content,  and 
in  the  London  market  was  Is.  7d.  to  Is.  8d.  per  unit  of  metal,  or  £3  19s.  2d. 
to  £4  3s.  4d.  per  ton  of  ore  with  50  per  cent,  of  metallic  manganese.  Since 
1900  prices  have  been  low,  and  for  some  years  prior  to  the  war  the 
average  price  of  ordinary  manganese-ore  landed  at  British  or  European 
ports  did  not  exceed  Is.  Id.  per  unit,  and  was  at  times  well  below  that 
figure.  Since  1915  prices  have  risen  greatly,  as  is  shown  by  the  following 
quotations  : — 

Hagen,  Nevada,  U.S.,  14th  May,  1918  :  3s.  8d.  to  4s.  7d.  per  unit 
(per  short  ton)  for  48-per-cent,  ore,  equivalent  to  4s.  3d.  to  5s.  Id. 
per  unit  per  long  ton. 

New  York,  15th  May,  1918  :  5s.  to  5s.  5d.  per  unit  for  metallurgical 
ore,  48-per-cent,  grade,  equivalent  to  5s.  7d.  to  6s.  Id.  per  unit 
per  long  ton,  or  £13  19s.  2d.  to  £15  4s.  2d.  per  long  ton  of 
50-per-cent.  ore. 

London,  1st  June,  1918  :  3s.  6d.  per  unit,  or  £10  10s.  per  ton  of 
60-per-cent.  ore. 

Before  the  war  the  f.o.b.  price  of  manganese-ore  in  India  was  7d.  per 
unit.  Early  in  1918  it  had  risen  only  to  8d.  per  unit,  notwithstanding  that 
the  London  price  had  risen  from  lid.  per  unit  to  3s.  per  unit. 

New  Zealand  Production  of  Manganese. 

The  tables  published  in  the  Mines  Report  for  the  year  1915  and  many 
years  previous  show  that  the  export  of  manganese-ore  from  New  Zealand 
began  in  the  year  1878,  when  2,516  tons,  valued  at  £10,416,  was  exported. 
Only  2,140  tons  was  exported  the  next  year,  but  1880  was  slightly  better 
than  1878,  with  an  export  of  2,611  tons,  valued  at  £10,423.  Since  then  the 
manganese  export  has  fluctuated,  but  on  the  whole  has  steadily  declined, 
until  in  1911  exportation  entirely  ceased.  The  total  export  to  that  date, 
according  to  the  Mines  Report  tables,  was  19,364  tons,  valued  at  £61,905. 
Probably  there  was  a  small  production  prior  to  1878  which  was  not  sepa¬ 
rately  recorded  in  the  Customs  returns.  J.  A.  Pond,  in  the  paper  previously 
mentioned,  gives  a  table  of  exports  covering  seven  years  (Trans.,  vol.  21, 
1889,  p.  358).  He  has,  however,  omitted  the  figures  for  1883,  and  given  the 
dates  1883  and  1884  instead  of  1884  and  1885. 

On  account  of  the  high  freights  ruling  at  present,  manganese-ore  cannot 
well  be  profitably  exported  from  New  Zealand.  Even  when  peace  returns 
and  freights  fall,  no  prospect  of  successfully  exporting  the  ore  can  be  held 
out.  India  and  other  countries  nearer  Great  Britain  can  produce  large 
quantities  of  manganese-ore  at  a  low  rate  ;  consequently  the  price  will  soon 
fall  when  abundant  shipping  is  available.  New  Zealand,  however,  contains 
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a  number  of  manganese  deposits  which  will  be  found  of  value  when  steel- 
making,  glassmaking,  and  other  industries  requiring  manganese  have  been 
established  in  the  Dominion  itself. 

CLAY  AND  FULLERS’  EARTH. 

During  the  past  year  the  Geological  Survey  has  given  further  attention 
to  the  subjects  of  clays  for  pottery  and  firebricks.  An  urgent  demand  for 
fullers'  earth  suitable  for  use  as  a  clarifying  medium  was  received,  and, 
largely  through  inquiries  and  investigations  made  by  the  Geological  Survey 
and  the  Dominion  Laboratory,  it  is  believed  that  at  least  three  satisfactory 
sources  of  fullers'  earth  have  been  discovered — one  at  Glen  Massey,  Wai¬ 
kato  district ;  another  at  Croydon,  near  Gore  ;  and  the  third  at  Hokonui, 
Southland.  Many  samples  of  clay  obtained  by  Mr.  E.  R.  Green,  Inspector 
of  Mines,  Dunedin  ;  by  Mr.  Boyd  Bennie,  Inspector  of  Mines,  Huntly ;  by 
officers  of  the  Geological  Survey ;  and  by  others,  were  tested  at  the  Dominion 
Laboratory.  In  addition  to  samples  from  the  three  localities  mentioned 
above,  the  following  clays  were  found  to  possess  considerable  clarifying- 
power  : — 

(1.)  Two  clays  from  Whangarei  district. 

(2.)  A  clay  from  Puketerahi,  near  Tairua. 

(3.)  A  pumiceous  silt  from  the  Gisborne  district. 

(4.)  Several  samples  from  the  Gore  district,  exact  locality  not  specified, 
but  probably  near  Croydon. 

Analyses  of  some  of  these  clays  are,— 


1. 

2. 

3. 

4. 

Silica  (Si02) 

62-95 

61-65 

55-40 

56-80 

Alumina  (A1203) 

23-27 

22-57 

23-60 

30-00 

Iron  oxide  (Fe203)  . . 

1-44 

1-44 

6-70 

1-60 

Lime  (CaO) 

0-70 

0-60 

1-20 

Nil. 

Magnesia  (MgO) 

0-10 

0-10 

1-65 

0-23 

Titanium  dioxide  (Ti02) 

0-29 

0-29 

e  • 

Alkalies  (soda  and  potash) 

0-15 

0-25 

3-52 

0-55 

Moisture  lost  at  100°  C. 

1-95 

3-64 

[-  7-93 

10-82 

Combined  water  and  organic  matter  . . 

9-15 

9-46 

100-00 

100-00 

100-00 

100-00 

(1)  and  (2).  From  Glen  Massey.  No.  1  is  moderately  plastic,  and  No.  2  highly 
plastic.  Tests  have  shown  that,  while  both  samples  possess  clarifying-power,  No.  2 
is  the  better.  No.  1  is  suitable  for  use  as  a  fireclay,  and  No.  2  for  porcelain.  Both 
are  valuable  clays,  especially  No.  2. 

(3.)  From  Mr.  Terry’s  property,  Croydon,  near  Gore.  The  plasticity  is  poor,  but 
the  clarifying-power  good. 

(4.)  Fireclay  from  McSkimming’s  pit,  Mako  Railway-siding,  Hokonui  Railway, 
Southland.  This  clay  is  highly  plastic,  and  has  good  clarifying-power.  As  a  fireclay 
it  is  of  exceptionally  good  quality. 

OIL-SHALE  AT  WAIKAIA,  SOUTHLAND. 

On  the  10th  and  11th  January*  last  I  visited  Waikaia  and,  in  company 
with  several  of  the  directors  and  shareholders,  inspected  the  area  held  under 
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prospecting  license  by  the  Waikaia  Oil-shale  Development  Company.  I  also 
made  some  geological  observations  in  the  neighbourhood  of  Waikaia. 

The  Waikaia  Oil-shale  Development  Company  is  at  present  putting  down 
a  series  of  bores  with  the  aid  of  a  Government  drill  in  Block  I,  Wendon 
district,  not  far  to  the  north-west  of  Freshford  Railway-station.  Mr.  W.  H. 
Warburton  is  in  charge  of  the  drill,  and  Mr.  Fred.  Hamer  is  manager  for 
the  company.  At  the  time  of  my  visit  seven  bores  had  been  drilled  with 
varying  success,  and  an  eighth  was  under  way. 

Until  the  boring  is  finished  the  area  and  quantity  of  oil-shale  cannot  be 
accurately  estimated,  but  it  appears  that  workable  shale  is  confined  to  an 
area  not  much  if  at  all  exceeding  40  acres.  The  thickness  of  shale  proved 
by  boring  is  from  6  ft.  to  10  ft.,  but  that  part  of  the  seam  worked  a  number 
of  years  ago  as  the  Muddy  Terrace  Coal-mine  in  order  to  supply  fuel  to 
dredges  was  from  14  ft.  to  17  ft.  thick,  and,  as  is  shown  by  analyses,  was 
of  higher  quality  than  that  now  being  tested.  It  may  be  added  that  bores 
drilled  a  few  years  ago  proved  a  few  acres  of  thick  shale,  very  probably  of 
quality  similar  to  that  mined  for  use  as  fuel. 

Quality  of  Oil-shale. — The  Waikaia  oil-shale  is  similar  in  composition  to 
the  Orepuki,  Roxburgh,  and  Cambrian  oil-shale.  In  1907  a  sample  for¬ 
warded  by  the  Round  Hill  Mining  Company,  probably  taken  from  the 
workings  of  the  Muddy  Terrace  Coal-mine,  was  analysed  at  the  Dominion 
Laboratory  and  shown  to  be  of  very  high  quality,  the  yield  of  oil  being 
30-1  per  cent.,  equal  to  67-4  gallons  per  ton  ( 41st  Ann.  Re'p.  Dow.  Lab., 
1908,  p.  13).  In  1914  I  visited  the  locality  and  took  a  sample  of  shale 
from  the  opencast  workings  of  the  Muddy  Terrace  Mine,  which  yielded 
approximately  60  gallons  of.  crude  oil  per  ton.  The  paraffin-content  was 
equivalent  to  no  less  than  80  lb.  per  ton  of  shale.  Sulphur  was  somewhat 
high— 2-57  per  cent.  A  sample  of  shale  from  No.  1  bore  of  the  Waikaia 
Oil-shale  Development  Company  was  tested  at  the  Dominion  Laboratory  a 
few  months  ago,  with  the  result  that  it  yielded  only  30  gallons  of  crude  oil 
per  ton,  containing  paraffin  equivalent  to  35  lb.  per  ton  of  shale.  Sulphur 
was  3T4  per  cent.  Samples  from  other  bores  have  lately  been  forwarded 
to  the  Dominion  Laboratory,  and  are  now  being  analysed. 

It  is  clear  that  the  thickest  and  best  shale  is  near  the  outcrop  on  the 
eastern  slope  of  Muddy  Terrace,  where  it  was  worked  as  a  source  of  fuel. 
It  is  much  to  be  regretted  that  at  least  18,636  tons  (the  recorded  output) 
of  high-class  shale  was  wasted  in  this  way,  whilst  in  addition  many  thou¬ 
sand  tons  have  probably  been  rendered  unextractable.  Some  of  the  shale 
near  the  outcrop  may  be  worked  opencast,  but  elsewhere  it  is  doubtful  if 
as  much  as  one-half  or  even  one-third  of  the  shale  can  be  profitably  mined. 
Moreover,  it  does  not  appear  that  the  quantity  of  mineable  shale  would 
justify  the  erection  of  a  treatment  plant.  If,  however,  the  oil-shale  works 
at  Orepuki  were  restarted,  the  better-class  shale  could  be  railed  to  those 
works,  and  there  treated  for  its  valuable  oil  and  paraffin  contents.  The 
distance  by  rail  from  Waikaia  to  Orepuki  is  ninety-nine  miles,  and  the  cost 
of  haulage  for  this  distance  will  probably  prevent  the  lower-grade  Waikaia 
shale  from  being  sent  to  Orepuki. 

In  future,  mining  of  the  Waikaia  or  similar  shales  for  use  as  fuel  alone 
ought  to  be  prohibited.  Any  shale  that  will  burn  like  coal  is  much  more 
valuable  for  its  gas,  oil,  and  paraffin  contents. 

In  conclusion,  it  may  be  pointed  out  that,  although  the  Waikaia  shale- 
patch  is  small,  similar  patches  may  be  found  by  boring  here  and  in  other 
parts  of  Southland. 
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Impounding  Flood-waters.* 

By  E.  Parry,  B.Sc.,  M.I.E.E.,  A.M.I.C.E.,  Chief  Electrical  Engineer, 

Public  Works  Department. 

In  the  development  of  hydro-electric-power  sources  one  very  important 
problem  which  presents  itself  for  solution  is  that  of  controlling  and 
impounding  flood-waters.  As  a  rule  it  is  not  practicable  to  impound 
the  whole  of  the  flood-waters,  and  in  consequence  provision  must  be 
made  for  discharging  the  same.  The  method  of  dealing  with  the  dis¬ 
charge  is  in  itself  a  problem  requiring  care  and  judgment,  but  is  outside 
the  scope  of  the  present  article,  which  purports  to  deal  only  with  the  rise 
and  fall  of  water-level  in  the  lake  or  reservoir  as  the  flow  in  the  river 
increases  and  decreases.  The  reason  why  it  is  impracticable  to  impound 
all  flood-waters  is  because  a  flood  may  occur  at  any  time,  and  may  there¬ 
fore  occur  when  the  reservoir  is  already  full.  Floods,  especially  abnormal 
floods,  are  liable  to  occur  at  short  intervals,  so  that  even  if  the  earlier 
ones  are  impounded  the  successive  floods  must  be  discharged. 

Assuming,  then,  that  the  reservoir  is  full  when  the  flood  comes,  the 
flood-water  will  be  partly  stored  and  partly  discharged  in  proportion  to 
the  ratio  between  the  area  of  the  reservoir  and  length  of  the  discharge- 
weir.  The  rate  at  which  the  reservoir-level  rises  depends  upon  the  rate 
of  inflow  and  the  form  of  the  flow  curve.  All  floods  have  one  feature  in 
common  :  they  rise  rapidly  to  a  maximum  and  subside  more  slowly. 
Curve  1,  D  67,  is  a  curve  showing  the  rise  and  fall  of  a  flood  in  the 
Harper  River,  Canterbury,  observed  by  Mr.  F.  T.  M.  Kissel,  and  is  in 
regard  to  its  form  typical  of  floods  in  general  ;  the  drainage  area  is 
124  square  miles,  and  the  maximum  run-  off  175  cusecs  per  square  mile. 
By  suitable  alteration  in  the  vertical  scale  the  same  curve  may  be  deemed 
to  represent  the  intensity  of  run-off  at  any  instant,  and  may  be  applied 
to  any  area  provided  that  the  maximum  intensity  is  the  same.  If  the 
intensity  be  greater  it  would  necessitate  an  alteration  in  the  horizontal 
scale,  as  a  higher  rate  of  precipitation  not  only  produces  a  higher  run-off 
but  also  a  quicker  run-off,  and  the  flood  reaches  its  maximum  in  a  shorter 
time,  so  that  a  flood  resulting  from  a  rainfall  of  ^-in.  for  an  hour  over 
50  square  miles  would  be  different  in  character  from  a  flood  caused  by  a 
rainfall  of  lin.  over  25  square  miles,  although  both  would  yield  the  same 
maximum,  provided  that  the  coefficient  of  run-off  be  the  same  for  the 
two  areas. 

An  upper  limit  of  lake  or  reservoir  level  is  imposed  by  the  necessity 
of  avoiding  too  great  a  head  of  water  on  a  weir  or  a  dam,  avoiding 
compensation  for  inundation,  or  by  the  presence  of  works  of  a  public 
character,  such  as  roads  or  railways,  which  would  be  submerged  if  the 
rise  of  level  were  not  controlled  ;  or,  again,  in  hydro-electric  works  the 
character  of  the  headworks  may  be  such  as  to  make  it  desirable  that 
the  lake  or  reservoir  level  should  not  exceed  a  certain  maximum.  It 
is  therefore  necessary  to  ascertain  beforehand  the  characteristics  of  the 
floods  to  which  a  river  under  control  is  liable,  and  to  determine  the 
length  of  weir-crest  or  by-wash  which  shall  discharge  the  flood-water 
without  exceeding  a  predetermined  head  over  the  weir.  The  subject  is 
best  illustrated  by  leference  to  the  Lake  Coleridge  works,  though  the 


*  Paper  read  before  the  Technological  Section,  Philosophical  Society,  Wellington, 
11th  December,  1918. 
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same  problems  apply  to  other  works  now  under  consideration.  At  the 
present  time  (October,  1918)  the  inflow  is  sufficient  on  an  average  to 
maintain  an  output  of  energy  from  the  power-house  of  some  27,000,000 
units  per  annum  with  a  variation  in  lake-level  of  some  2-|  ft. ;  but  in 
order  to  provide  for  extensions  of  the  power  plant  up  to  the  limit  of  the 
present  head  works  the  present  inflow  must  be  augmented,  and  the 
readiest  means  of  doing  so  is  to  divert  a  portion  of  the  Harper  River. 
This  presents  no  difficulty,  but  when  the  capacity  of  the  power  plant  is 
still  further  increased  provision  must  be  made  for  diverting  the  whole  of 


the  Harper  River  into  the  lake,  and  of  utilizing  and  otherwise  dealing 
with  the  flood-waters  so  as  to  keep  the  rise  of  level  within  limits  imposed 
by  the  necessities  of  the  case. 

D  66  shows  in  plan  a  configuration  of  the  lake,  the  position  of  the 
various  rivers  which  are  or  can  be  made  tributary  to  it,  the  position  of 
the  present  head  works  at  A,  and  the  effluent  from  the  lake  at  D,  where 
there  is  a  weir  provided  with  a  gauge  for  measuring  the  overflow.  The 
area  of  the  lake  is  14-J-  square  miles,  or  400  x  10r>  square  feet ;  the  banks 
are  steep,  and  the  area  is  not  much  altered  by  a  change  in  level.  The 
method  of  developing  the  power  is  by  means  of  a  tunnel  20  ft.  below 
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normal  lake-level,  which  begins  at  A  and  terminates  in  a  surge-chamber 
at  B,  from  which  pipes  are  led  down  to  a  power-house  at  C.  A  section 
to  scale  is  shown  in  the  article  on  <;The  Surge-chamber  Problem”  in 
this  number  (p.  80). 

It  is  desirable  for  several  reasons  that  the  lake-level  should  not  rise 
more  than  4  ft.  above  a  predetermined  datum-level,  to  be  maintained  by 
a  weir  of  the  proper  length  and  height  situated  at  the  effluent. 

Curve  1,  D  67,  shows  a  flood  characteristic  in  the  Harper  which  is  of 
a  normal  type  and  occurs  some  three  or  four  times  in  the  year.  The 
flow  rises  to  a  maximum  of  22,000  cubic  feet  per  second  in  thirty-six 
hours,  and  then  subsides  at  a  slower  rate.  The  total  volume  reckoned 
over  eight  days  is  4,7  64  x  106  cubic  feet,  and  as  the  lake  area  is  400  x  10° 
square  feet  the  volume  of  water  mentioned  would  occupy  a  depth  of 
11-9  ft.  if  it  were  all  impounded. 

Let  A  denote  the  area  of  the  lake,  h  the  level  or  the  head  on  the  weir 
at  any  instant,  q  the  rate  of  flow  in  the  river  at  any  instant  during  the 
flood,  and  H  the  head  corresponding  to  a  particular  flow  Q,  whilst  L  is 
the  length  of  the  weir,  C  a  coefficient  in  the  formula  for  a  discharge  over 
the  weir,  viz.  : 

q  =  CL^/2 


When  the  rate  of  inflow  is  on  the  increase  we  have — Rate  of  inflow  = 
rate  of  storage  -f  rate  of  discharge,  or 


q  =  +  CLW* 

1  dt 

qdt  —  A  dh  +  Chh‘6l2dt 

7 ,  A  dh 

dt  — - . 

{q  -  CL/13/8) 

Let  H  be  the  head  of  the  weir  when  discharging  at  the  rate  q  ;  then 


CL 

X 


.  dt 


dh 


H3/2  -  /i3/2 


the  integral  for  which  is 


CL 

A 


x  1  -  7i  I  ~  i los  (‘  -  Vi)  +  s  ‘°g  t +  +  h) 


Vs 


h 

H 

V  3 


+  V3f  (1) 


This  solution  was  first  given  by  GoulcL  in  a  slightly  different  form, 
and  a  table  of  the  function  as  adopted  by  Gould  appears  in  Morley 
Parker’s  treatise  on  the  Control  of  Water. f  These  tables  are  very  con¬ 
venient  but  entail  a  considerable  amount  of  interpolating,  and  the  device 

CT 

is  here  adopted  of  charting  the  value  of  h  in  terms  of  t  x  for  different 

A 

values  of  H.  D  68  and  D  69  give  the  value  of  h  in  feet  for  H  =  0  to 
H  =  6  feet,  with  intervals  of  0-2  of  a  foot  corresponding  to  values  of 

t  x  —  in  seconds.  The  diagram  is  universal  in  character,  for  it  is  only 


*  Gould,  Engineering  News,  5th  December,  1901. 
f  Morley  Parker,  Control  of  Water. 
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necessary  to  alter  the  horizontal  scale  according 


to  the  value  of 


CL 

A 


to 


adapt  it  to  any  area  of  reservoir  and  any  length  of  discharge-weir  :  for 


instance,  if  the  value  of 


A 

CL 


be  36,000,  then  one  horizontal  division  on  the 


scale  represents  one-tenth  of  this,  or  3,600  seconds,  or  1  hour. 

If  the  inflow  be  assumed  constant  over  any  length  of  time,  and  the 
flow  is  such  that  the  head  on  the  weir  is,  say,  2  ft.  when  discharging 
the  whole  of  the  flow,  then  the  line  corresponding  to  H  =  2  will  show  the 
rate  at  which  the  level  of  the  lake  rises  from  zero  to  2  ft.  to  which  the 
curve  is  asymptotic. 


If  the  inflow  varies,  a  simple  graphical  construction  wdll  enable  a 
curve  to  be  drawn  showing  the  rate  at  which  the  lake-level  rises  above 
the  weir-level.  Such  a  curve  is  shown  in  D  67,  curve  2,  which  is  derived 
from  the  inflow  curve  1  by  dividing  the  latter  up  into  six-hour  sections 
and  assuming  the  inflow  to  be  constant  during  that  time  at  a  value  which 
is  a  mean  during  the  interval.  The  curve  applies  to  Lake  Coleridge,  and 
the  discharge  is  over  an  assumed  weir-length  of  660  ft.,  with  a  weir 
coefficient  of  3  ;  and  as  the  area  of  the  lake  is  400  x  106  square  feet  the 
value  of  A/CL  becomes  400  x  106/3  x  660,  or  202,000.  The  value  of 
one  horizontal  division  in  D  68  and  D  69  is  therefore  one-tenth  of  this, 
or  20,200  seconds,  or  5  hours  36  minutes  42  seconds.  For  curve¬ 
drawing  purposes  the  time  interval  is  taken  at  6  hours,  which  is  equal  to 
1-0693  horizontal  divisions  of  D  68  and  D  69.  The  average  flow  for  the 
first  interval  is  550  cubic  feet  per  second,  corresponding  to  a  head  of 
0-4258  ft.  over  the  weir.  The  first  portion  of  curve  2,  D  67,  consists  of 
a  segment  for  the  interval  0  to  6  hours  transferred  from  an  interpolated 
curve  corresponding  to  H  =  0-4258  ft.  in  D  68,  which  brings  the  lake- 
level  up  to  0-0291  ft.  The  average  inflow  for  the  next  six-hour  interval 
is  2,050  cubic  feet  per  second,  corresponding  to  a  head  of  12315  ft.  on 
the  weir.  The  second  portion  of  curve  2,  D  67,  will  consist  of  a  segment 
from  an  interpolated  curve  in  D  68  corresponding  to  IT  =  1-2315,  begin¬ 
ning  at  a  point  on  that  curve  where  h  =  0  0295  and  ending  where  the 
ordinate  through  the  six-hour  interval  cuts  the  curve  —  i.e .,  where 
h  =  0-1369  ft.  Continuing  this  process  we  reach  a  maximum  of  3  47  ft. 
in  60  hours,  or  24  hours  after  the  maximum  of  the  flood.  It  will  be 
noted  that  the  flood  reached  a  maximum  of  22,000  cubic  feet  per  second 
36  hours  after  the  commencement,  and  that  it  had  fallen  to  a  value  of 
13,500  cubic  feet  per  second  when  the  lake-level  reached  its  maximum. 
The  maximum  discharge  over  the  weir  is  12,880  cusecs,  corresponding  to 
a  head  of  3-47  ft. ,  whereas  the  maximum  of  the  flood  reached  22,000 
cusecs,  corresponding  to  a  head  of  4-98  ft.  over  the  weir.  Curve  2,  D  67, 
was  actually  constructed  by  placing  tracing-paper  over  the  chart  D  68 
and  transferring  the  segments,  or  rather  the  chords,  from  the  various 
curves  of  H  corresponding  to  the  value  of  the  inflow'  so  as  to  form  a  con¬ 
tinuous  curve.  Where  the  inflow  does  not  correspond  to  an  exact  value 
of  H  on  the  chart  the  segment  is  obtained  approximately  by  interpolation. 
The  curve  so  obtained  corresponds  exactly  with  a  calculated  curve,  and 
it  is  found  that  no  error  is  introduced  by  assuming  a  position  for  a  segment 
of  an  interpolated  curve. 

Having  reached  a  maximum,  the  lake-level  will  begin  to  fall  as  the 
flood  continues  to  subside,  and  in  order  to  complete  the  construction  a 
series  of  descending  curves  has  been  plotted  on  the  charts  D  68  and 
D  69,  derived  from  the  following  equations. 
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When  the  rate  of  outflow  from  the  reservoir  exceeds  the  inflow  into 
the  reservoir  the  reservoir-level  will  fall,  and  we  have  the  following 
equation  :  — 

cum  =  Q  +  A— 
dt 

Let  H  be  the  head  on  the  weir  corresponding  to  the  flow  Q  ;  then 

Q  =  CLH3/2 

CL  (m  -  H3/-)  =  A— 

dt 

CL  ^  _  -  dh 

T  '  ^  (hW  -  IL/2) 


the  solution  of  which  is 

CL 

A 

where 


•<  =  7f  1 


</>(M  =  log  (  a/-°  --  1  -  1  log  (h°  +  x/^  +  1 

\H/  |3  °VVH  3  °  \H  V  H 


+  tar, 


V  3 


'•'H1  ■  )1 los  W  a -‘l-j ios  (a  +  v"a  + 1 


1.  2  V|  +  i] 


4-  —  tan 

V3 


Vs 


hQ  is  the  head  on  the  weir  when  t  —  0,  h  is  the  head  at  any  time  t  there¬ 
after,  and  H  is  the  final  value  of  the  head  towards  which  the  level  is 

tending  and  corresponding  to  the  flow  Q. 

This  function  has  been  evaluated  for  values  of  H  from  5-8  ft.  to  0  at 
intervals  of  0-2  ft.,  and  the  curves  plotted  on  D  68  and  D  69.  It  is 
necessary  in  this  case  to  assume  a  limiting  value  for  hQ,  and  a  value  of 
6  ft.  has  been  selected  as  an  extreme  limit.  All  the  curves  accordingly 
start  from  6  ft.  datum  above  the  weir-level.  Keferring  to  D  68,  for 
example,  if  the  lake  or  reservoir  level  be  6  ft.  when  t  =  0,  and  if  the 
inflow  fall  to  a  rate  corresponding  to  a  head  of  2  ft.  on  the  weir,  the 

curve  marked  H  —  2  shows  the  rate  at  which  the  lake-level  falls.  If  the 

inflow  ceases  altogether  the  lake-level  falls  according  to  the  curve  H  —  0. 
If  the  inflow  varies  it  is  sufficient,  in  order  to  draw  a  curve  showing  the 
time  rate  of  fall  of  lake-level,  to  assume  that  the  inflow  varies  by  steps, 
and  to  proceed  in  the  manner  already  described  in  case  of  increasing 
inflow  and  rising  lake-level. 

When  this  principle  is  applied  to  the  conditions  represented  by  D  67 
we  get  the  descending  portion  of  curve  2  on  that  figure. 

The  charts  may  be  used  in  two  ways  :  either  they  may  be  used  as  a 
table  of  functions  from  which  the  lake-level  at  any  instant  for  any  value 
of  CL/A  may  be  ascertained  by  inspection  if  the  flow  is  steady  and  by 
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tabulation  of  values  if  the  flow  is  variable,  which  values  can  afterwards 
be  plotted  to  any  scale,  or  the  charts  may  be  used  as  a  basis  for  a 
graphical  process  by  which  the  various  elements  which  go  to  make  up 
the  complete  curve  of  rise  and  fall  may  be  pieced  together  as  described 
herein. 

A  graphic  process  of  obtaining  the  rate  of  storage  from  a  given 
inflow  is  described  in  the  Engineering  Neivs  Record  of  the  2nd  August, 
1917, *  and  since  this  paper  was  written  another  and  more  complete 
treatment  of  the  whole  subject  with  references  to  previous  papers 
appeared  in  the  same  publication  for  the  5th  September,  1918.1  The 
treatment  is,  however,  different  from  that  adopted  in  this  paper,  and,  so 

far  as  I  know,  no  charts  of  the  functions  of  (  ]  have  been  published. 

\H 1 


The  charts  for  a  rising  lake-level  may  be  easily  constructed  by  the  aid  of 
Gould’s  functions,  already  referred  to  ;  but  no  tables  of  values  are  avail¬ 
able,  so  far  as  I  know,  which  will  enable  the  falling  lake-level  to  be 
calculated. 

The  charts  were  drawn  by  Mr.  A.  J.  Hainsworth,  of  this  office,  from 
calculations  by  Mr.  A.  C.  Owen,  and  are  used  in  the  Electric-power 
Branch  of  the  Public  Works  Department  in  the  manner  herein  described, 
and  have  been  found  most  useful  in  enabling  the  graphs  of  rising  and 
falling  reservoir-level  to  be  obtained  in  an  expeditious  and  satisfactory 
manner ;  and  it  was  only  after  a  study  and  trial  of  various  other  methods 
that  the  system  described  herein  was  evolved.  The  main  object  of  the 
present  paper  is  to  preserve  a  record  of  the  origin  and  principles  upon 
which  the  charts  are  constructed,  and  to  standardize  the  method  of  using 
the  same. 


The  Electrical  Properties  of  Three-phase  Transmission¬ 
lines. 

By  E.  Parry,  B.Sc.,  M.I.E.E.,  A.M.I.C.E.,  Chief  Electrical  Engineer, 

Public  Works  Department. 

Introduction. 

This  paper  is  prepared  primarily  for  the  use  of  departmental  officers  in 
designing  transmission-lines,  with  the  object  of  economizing  time  and 
of  standardizing  the  method  of  calculation.  The  principal  obstacle  in  the 
way  of  rapid  evaluations  of  problems  connected  with  high-tension  trans¬ 
mission  at  the  present  time  is  the  lack  of  suitable  tables.  In  particular, 
tables  are  lacking  of  the  hyperbolic  functions  of  complex  quantities. 
Miller’s];  tables  are  the  most  extensive  available,  but  entail  a  good  deal 
of  interpolation  of  values  throughout  the  range  covered  by  transmission¬ 
line  problems.  Kennedy  has  published  tables  from  time  to  time,  the 
most  useful  ones  for  present  purposes  being  those  in  a  paper  contributed 


*  Harold  A.  Thomas,  Flood-retarding  Reservoir  Problem  directly  solved,  En<j. 
News  Record ,  vol.  79,  p.  226. 

f  Robert  E.  Horton,  Determining  the  Regulating  Effect  of  a  Storage  Reservoir, 
Eng.  News  Record ,  vol.  81,  p.  455. 

I  W.  E.  Miller,  Formulae,  Constants,  and  Hyperbolic  Functions  for  Trans¬ 
mission-line  Problems,  General  Electric  Review  Supplement,  May,  1910. 
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to  the  American  Institute  of  Electrical  Engineers.* * * §  These  also  entail  a 
considerable  amount  of  interpolation,  resulting  in  delays  and  uncertain¬ 
ties,  and  more  detailed  tables  are  required. 

The  work  of  calculation  would  be  very  much  facilitated  if  more 
detailed  tables  of  the  hyperbolic  logarithms,  the  hyperbolic  sine  and 
cosine,  were  available,  but  no  advance  has  been  made  in  this  direction 
for  twenty-five  years.  New  tables  have  appeared  from  time  to  time,  but 
no  improvement  has  been  effected  in  the  direction  of  calculating  inter¬ 
mediate  values.  The  object  of  the  compilers  seems  to  be  to  assemble  as 
many  samples  of  tables  of  different  function  as  possible. 

In  the  present  paper  the  object  of  economizing  time  and  facilitating 
calculations  is  attained  by  the  preparation  of  a  series  of  detailed  tables 
limited  in  their  application  to  those  sizes  of  conductors  generally 
employed  for  transmission-line  work.  Engineers  soon  realize  that  in 
their  particular  practice  certain  sizes  of  wire  are  used  to  the  exclusion  of 
others,  and,  recognizing  this,  the  functions  involved  have  been  calculated 
for  certain  cable  sizes  in  standard  wire-gauge  and  for  spacings  usually 
employed  in  practice. 

The  method  of  treatment  adopted  is  that  employed  by  Oliver 
Heavyside  and  Professor  Kennedy — the  method  of  vector  algebra— 
because  it  lends  itself  to  easy  manipulation  and  ready  evaluation.  The 
best  single  treatise  on  vector  algebra  and  trigonometry  is  Hayward’s,! 
but  at  the  same  time  the  chapters  devoted  to  the  subject  in  Chrystal’s 
Algebra  should  not  be  overlooked,  whilst  the  best  treatise  on  the  appli¬ 
cation  of  hyperbolic  functions  to  engineering  problems  is  Kennedy's.! 
Several  other  works  may  be  consulted  with  advantage,  of  which  a  list  is 
given  in  Kennedy’s  book  above  referred  to,  including  his  own  works. 
These  should  be  studied  by  those  wishing  to  master  the  subject, 
because  of  the  lucidity  of  the  treatment  and  the  wealth  of  example 
and  application  of  the  theory  to  ad  the  problems  of  transmission, 
whether  in  the  telegraph  or  telephone  or  power  circuit. 


Characteristic  Equations. 

If  v  be  the  instantaneous  potential  difference  and  c  the  current  at 
distance  x  from  the  end  of  a  transmission  circuit,  R  the  resistance,  L  the 
inductance,  K  the  leakage  conductance,  S  the  capacity  (or  “  permittance,” 
as  Heavyside§  prefers  it)  per  unit  length  of  the  circuit,  we  have  the 
following  equation  of  connection  between  the  quantities  : — 


civ 

dx 


R  +  L 


d 

dt 


c  and  -  fk  =  (K+S  — 
dt  \  dt 


v. 


If  v  varies  with  the  real  part  of  e^1  the  operator  ip  may  be  substituted 
for  d/dt  where  i  =  V  —  1 ;  and  where  p  =  % rf  is  the  angular  speed  in 


*  A.  E.  Kennelly,  Tallies  of  Hyperbolic  Functions  in  reference  to  Long 
Alternating-current  Transmission-lines,  I 'roc.  Am.  Inst.  Elect.  Engineers ,  vol.  30, 
pt.  3,  pp.  2495-2506,  1911. 

t  R.  B.  Hayward,  M.A.,  F.R.S.,  The  Algebra  of  Coplanar  Vectors  and  Trigo¬ 
nometry.  Macmillan  and  Co.,  1892. 

[A.  E.  Kennelly,  M.A.,  D.Sc.,  The  Application  of  Hyperbolic  Functions  to 
Electrical  Engineering  Problems.  University  of  London  Press,  1912. 

§  Oliver  Heavyside,  Electrical  Papers ,  vol.  2,  p.  125.  Macmillan  and  Co., 
London,  1892. 
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radians  per  second  and  /  is  the  number  of  alternations  per  second, 
combining  the  two  equations  we  have 

^  =  (E  +  *pL)  (K  +  ipS)  ve'P‘ 
dt? 

the  solution  of  which  is 

v  =  (Aemx  +  Re~mx)eM 

where 

m  =  V (R  ip L)  (K  +  ipS) 

which  is  called  the  “  attenuation  constant  ”  of  the  circuit. 

For  the  present  purpose  the  variation  with  time  is  not  required,  and 
substituting  for  v  and  c  the  effective  values  Y  and  I  of  the  potential 
difference  and  current  respectively  we  have 


V  =  Aemx  +  Re~mx 

If  Vs  and  Is  be  the  potential  difference  and  current  respectively  at  the 
sending  end  (i.e.,  when  x  —  o),  the  following  hold  :  — 

Vs  ==  A  +  B  and  —  n\  =  A  —  B 

where 


n 


=  a/b  +  *PL 
K  +  ipS 

called  the  “  surge  impedance  ”  of  the  circuit.  Substituting  for  the  values 
of  A  and  B  we  have  for  the  difference  of  potential  at  any  distance  x  along 
the  line 

Y  =  Vs  cosh  mx  —  wls  sinh  mx 


Let  the  length  of  the  line  be  /.  Then  when  x  =  Het  V  =  Yr,  then 

Yr  =  Ys  cosh  Im  —  wls  sinh  hn . (1). 

Likewise,  if  Yr  and  Ir  be  the  difference  of  potential  and  current  at  the 
receiving  end,  we  have  for  the  potential  Y  at  any  point  distant  x  from 
the  sending  end  the  following  equation  : — 

Y  =  Yr  cosh  mx  +  nlt  sinh  mx 


when  x  =  l,  V  becomes  Vs,  and 

Ys  =  Yr  cosh  Im  +  nlr  sinh  Im  . (2). 

Similar  equations  are  derivable  for  the  value  of  the  current  at  any 
point  on  the  line  from  the  differential  equation 


dx 2 


=  (R  +  ipLi)  (K  +  ip$)  I 


The  solution  for  any  point  distance  x  from  the  sending  or  generating 
end  of  the  line  : — 

I  =  Is  cosh  mx  —  —  sinh  mx 

n 

and  for  any  point  at  a  distance  x  from  the  receiving  end  of  the  line : — 

I  =  Ir  cosh  mx  +  —  sinh  mx 

n 

When  x  =  l  we  have 

y 

Ir  =  Is  cosh  Im - *  sinh  Im . . . (3) 

n 

and 


Y 

Is  =  Ir  cosh  Im  +  — 1  sinh  Im 

n  . 


,(4). 
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If  the  line  at  the  receiving  end  is  open  and  pressure  applied  at  the 
sending  end  the  following  relations  are  derived  from  equations  (2)  and  (4) 
by  making  Ir  =  o,  viz  : — 

Ys  =  Vr  cosh  Im . . . (5) 

Is  =  —  sinh  Im . . (6) 

n 

which  latter  is  commonly  called  the  charging-current  of  the  line. 

Again,  if  the  Hue  at  the  receiving  end  is  short-circuited  the  following 
equations  are  derived  from  equations  (2)  and  (4)  by  making  Vr  =  o, 
viz.  :  — 


VJ  =  nlY  sinh  Im . (7) 

Is1  =  Ir  cosh  Im . (8). 


The  open-circuit  and  short-circuit  equations  furnish  a  means  of  calculating 
the  values  of  the  constants  m  and  n  of  the  circuit  from  the  observed 
values  of  Ys,  YJ,  Is,  Ish 

Combining  equations  (5)  and  (6) — 

—  =  -  tanh  Im 
Ys  n 

and  combining  (7)  and  (8) — 


=  n  tanh  Im 


and  again  combining  the  two  latter  equations  we  get 

x  YJ 


Vs  x  Vg  _  n2  an^  I£ 


L1  x  Is 


Vs  x 


Is1 


—  tanh2  Im 


It  is  to  be  noted  that  sinh  Im,  and  consequently  Im,  and  finally  m,  cannot 
be  obtained  from  equations  (6)  or  (8),  as  the  relative  phase  of  Yr  and  Is  is 
not  readily  ascertainable  under  ordinary  working-conditions. 

Having  obtained  m  and  n,  the  value  of  L  may  be  calculated  when  the 
value  of  E  is  known  from  the  relation 

E  +  2-pL  =  m  .  n 

whilst  the  value  of  S  mav  be  calculated  when  the  value  of  K  is  known 

«/ 

from  the  relation 

t/  ,  •  r>i  THy 

K  -f-  tps  ==  — 

n 


Eesistance. 

The  resistance  per  mile  of  conductor  is  herein  denoted  by  E,  the 
values  of  which  for  copper  and  for  the  sizes  selected  are  given  in  tables 
herewith.  These  values  are  taken  from  cablemakers’  lists  for  hard-drawn 
copper  without  any  correction  for  the  so-called  “  skin  effect,”  which 
may  be  regarded  as  negligible  for  the  selected  sizes  of  conductor.  The 
approximate  value  of  the  virtual  resistance  E1  for  a  frequency  of  50 
cycles  per  second  is 

E1  =  E  (1  +  0-03a4) 

where  a  is  the  ra,dius  of  the  conductor  in  centimetres*  and  E  is  the 
resistance  to  direct  current.  The  largest-size  conductor  considered  in 


*  Lord  Rayleigh,  On  the  Self-induction  and  Resistance  of  Straight  Conductors, 
Phil.  Mag.  S.S.,  vol.  21,  No.  1B2,  p.  387,  May,  1886. 
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this  paper  is  37/12,  which  has  a  diameter  of  0-728  in.  (or  1-849  cm.),  and 
a  radius  of  0-9245  cm.  Substituting  this  for  a  the  value  of  a 4  is  0-732  and 
the  value  of  R1  ^  1  022R,  an  augmentation  of  2J-  per  cent,  in  the  resist¬ 
ance.  For  half  the  diameter  the  increase  in  resistance  is  one-sixteenth  of 
this,  or  approximately  i  per  cent.  ;  so  that  on  the  whole  the  increase  may 
be  regarded  as  negligible,  especially  as  the  augmentation  of  resistance  in 
the  case  of  even  the  largest  size  is  but  little  more  than  the  variation  in 
ordinary  resistance  allowed  by  the  Engineering  Standards  Committee 
of  Great  Britain  to  meet  the  exigencies  of  manufacture. 

Inductance. 

The  inductance  per  phase  per  mile  is  herein  denoted  by  L,  whilst  the 
value  of  the  inductance  per  mile  between  any  conductor  and  the  neutral 
of  a  three-phase  system  for  different  values  of  d/a  is  shown  in  D  72, 
where  d  is  the  distance  between  any  two  conductors  of  a  symmetrically 
arranged  three-phase  system  and  a  is  the  radius. 

These  values  are  calculated  from  the  formula 

L  =  (2  log  ~  +  0-5^  x  30-48  x  5280  x  10~9 
=  0-000161  (2  log  i  +  0-5^ 

The  bracketed  term  is  the  inductance  in  C.G.S.  lines  per  centimetre 
of  length.  The  two  factors  30-48  x  5280  convert  the  inductance  to 
C.G.S.  units  per  line  of  conductor,  which  is  brought  to  practical  units  by 
dividing  by  109.  The  same  formula  gives  also  the  inductance  between 
either  conductor  of  a  single-phase  system  and  the  neutral  plane,  but  in 
this  case  the  induced  voltage  is  one-half  the  voltage  between  conductors, 
whilst  in  the  case  of  the  three-phase  lines  it  is  1/  v/3  times  the  voltage 
between  conductors. 

Reactance. 

The  reactance  is  derived  from  the  inductance  by  taking  its  time-rate 
of  variation— i. e.,  _pL,  where  p  =  27 rf  is  the  angular  speed  in  radians  and 
/  the  frequency  in  cycles  per  second,  the  values  being  calculated  in  ohms 
per  mile.  . 

Impedance. 

Given  the  resistance  R  and  the  reactance  pL,  the  electromagnetic 
impedance  per  phase  per  mile  of  circuit  is  R  -j-  ipLi  ohms. 

Leakance. 

The  term  “  leakance,”  or  “  leakage  factor,”  or  “  leakage  conductance,” 
is  herein  denoted  by  K.  The  amount  of  leakage  from  high-tension  trans¬ 
mission-lines  is  quite  infinitesimal  under  ordinary  working- conditions,  but 
not  negligible.  There  is  always  present  in  the  air  some  electrons  and  ions 
which  become  carriers  from  one  conductor  to  the  other,  but  the  principal 
path  is  over  the  surface  of  insulators,  the  amount  of  leakage  depending 
upon  weather  conditions.  This,  of  course,  is  not  sufficient  to  enable  any 
appreciable  amount  of  current  to  pass  over  any  single  insulator,  but  the 
effect  of  a  large  number  of  insulators  in  parallel  is  appreciable  enough 
to  make  it  desirable  to  take  the  leakage  into  account  in  our  calculations. 
A  large  number  of  insulation  tests  on  the  Lake  Coleridge  system  were  made 
for  the  Department  by  Mr.  Burbidge,  who  summarized  the  results  thus  : 
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“  Insulation  of  line  only  per  phase  varied  with  weather  conditions  between 
0  3  and  17  megohms.  After  a  night  of  misty  or  damp  weather  in  the 
plains  it  would  fall  to  0*7  megohm,  and  then  come  up  through  the  day  to 
2  or  6  megohms.-  After  continued  north-westerly  weather  the  insulation 
resistance  reached  17  megohms.”  The  line  referred  to  upon  which  the 
measurements  were  made  is  the  south  line  between  Lake  Coleridge  and 
Christchurch,  extending  over  a  length  of  61 -3  miles. 

Reduced  to  the  mile  basis  the  measurements  ranged  from  48*9  megohms 
to  2,771  megohms  per  mile  per  phase,  and  the  inverse  of  this,  the  leakage 
conductance,  from  0-02  x  10-6  to  0-00036  x  10-6  units  per  mile  per 
phase  ;  a  normal-day  value  appears  to  be  about  2  megohms  per  phase 
per  circuit,  which  is  122-6  megohms  per  mile  per  phase  per  circuit,  or  a 
leakage  conductance  of  0-00815  x  10~6  units  per  mile  per  phase.  The 
insulators  are  of  the  pin  type,  and  a  value  of  0-008  x  10~6  may  be  taken 
as  the  normal  leakage  conductance  per  mile  per  phase  for  pin  insulators. 
The  insulation  resistance  of  suspension  insulators  would  be  somewhat 
higher  than  this,  and  the  value  of  0  005  x  10-6  is  herein  adopted  as 
the  normal-day  leakage  conductance  per  mile  per  phase  of  a  line  with 
suspension  insulators. 


Capacity,  Capacitance,  Permittance. 

These  are  interchangeable  terms  for  what  used  to  be  called  simply 
“  capacity,”  meaning  the  extent  to  which  an  electric  system  yields  to 
electrostatic  stress  ;  the  greater  the  strain  for  a  given  stress  the  greater  the 
capacity ;  the  less  its  power  of  resistance  the  greater  the  capacity.  The 
term,  to  say  the  least,  is  not  at  all  helpful,  and  the  word  “  permittance  ” 
was  proposed  by  Heavyside  in  place  of  it.  It  is  denoted  herein  by  the 
symbol  S,  and  its  value  in  microfarads  per  mile  of  single  wire  of  a 
symmetrical  three-phase  system  corresponding  to  different  values  of  d/a 
is  given  in  D  73.  The  symbols  d  and  a  have  the  same  significance  as 
before.  The  values  are  calculated  from  the  formula 


1 


S  = 


a 


C.G.S.  electrostatic  units  per  centimetre. 


1  _ 

d  x  30-48  x  5280  C.G.S.  electrostatic  units  per  mile. 
a 

__  x  ^  ^  X  C.G.S.  electromagnetic  units  per  mile. 

2  log-  9  x  1020  °  F 

a 

1 

- -A  30-48  x  5280  x  10° 

~  2  log-  X  - 9  x  IQ2Q - farads  per  mile. 

°  a 


—  2  ^g-  X  o-59i  microfarads  per  mile. 
a 

The  formula  is  an  approximation  to  the  capacity  of  three  symmetrically 
spaced  and  isolated  wires,  and  is  further  influenced  by  the  earth,  and  to 
some  extent  by  other  wires  in  the  vicinity,  and  will  vary  amongst  them¬ 
selves  according  to  their  position  relatively  to  the  earth.  These  correc¬ 
tions,  whilst  not  negligible,  are  yet  smaller  than  the  variation  of  capacity 
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with  the  state  of  the  air,  and  are  small  compared  with  the  order  of  the 
uncertainty  in  regard  to  the  actual  effect  of  the  capacity  upon  the  circuit, 
which  is  due  to  the  distortion  of  the  current ;  so  that  the  actual  effect 
as  distinct  from  the  calculated  effect  is  dependent  to  some  extent  upon 
the  other  constants  of  the  circuit,  more  especially  the  inductance  and 
also  the  form  of  the  impressed  w7ave  of  electromotive  force.  Under  these 
circumstances  it  would  be  futile  to  strive  after  refinements  in  calculation. 
All  that  is  required  is  a  basic  formula  with  a  practical  coefficient  deter¬ 
mined  by  experiment,  which  condition  is  satisfied  by  the  expression  given 
for  the  capacity. 

Corona. 

High  transmission-line  voltages  tend  to  destroy  the  insulating  quali¬ 
ties  of  the  air,  manifested  by  the  development  of  a  luminous  envelope 
around  the  conductor.  The  luminosity  is  produced  by  ionization,  and 
ionization  is  the  result  of  an  excessive  electrostatic  stress  which  increases 
the  energy  of  motion  of  the  ions  already  existing  in  the  air  in  compara¬ 
tively  small  numbers,  and  so  produces  more  ions  by  collision.  This 
ionization  is  accompanied  by  a  loss  of  power  which  may  become  prohibi¬ 
tive,  depending  upon  the  diameter  of  the  wire  and  the  spacing  of  the 
conductors.  It  is  a  phenomenon  which  has  to  be  guarded  against,  as  the 
limits  are  quickly  reached:  for  example,  a  7/16  conductor  with  a  6ft. 
spacing  between  phases  could  not  be  used  for  three-phase  transmission 
at  66,000  volts  without  serious  loss,  the  amount  depending  upon  the 
distance  of  transmission.  Likewise,  at  110,000  volts  and  10  ft.  spacing 
the  smallest  conductor  which  could  be  used  with  safety  under  all  circum¬ 
stances  is  19/13  S.W.G.  The  phenomenon  has  been  studied  by  Russel,'1' 
Whitehead,!  and  Peek,}  and  a  number  of  others,  Peek’s  work  being 
most  valuable  for  engineers,  as  the  conditions  studied  were  those  per¬ 
taining  to  transmission-lines.  A  bibliography  of  the  subject  is  appended 
to  Whitehead’s  paper  read  before  the  American  Institution  of  Electrical 
Engineers§  in  1910. 

Peek  makes  use  of  two  critical  potential  differences,  one  which  he 
calls  the  “disruptive  critical  voltage”  and  the  other  the  “  visual  critical 
voltage.”  The  first  is  the  voltage  which  gives  rise  to  a  critical  flux 
density  or  potential  gradient  at  the  surface  of  the  wire,  corresponding 
to  the  dielectric  strength  of  the  air,  and  the  other  the  voltage  which 
produces  a  corona,  and  he  uses  the  first  value  as  a  basis  for  calculating 
the  loss  produced  through  ionization.  The  formulae  which  he  uses  are 
derived  very  simply  from  electrostatic  principles. 

If  Y  be  the  potential  difference,  C  the  electrostatic  capacity  per  unit 
length  of  wire,  Q  the  quantity,  we  have  Q  —  VC.  The  capacity  to 
neutral  per  unit  length  of  a  single-  or  a  three-phase  system  is  approxi¬ 
mately  1/2  log  -  where  d  is  the  distance  between  centres  of  the  conductors 
and  a  the  radius  of  the  wire.  Consequently 

V  =  Q  x  2  log  - 
a 


*  Alex.  Russel,  Dielectric  Strength  of  Air,  Proc.  Phys.  Soc.,  vol.  20,  p.  49,  1906. 
f  I.  B.  Whitehead,  The  Electric  Strength  of  Air,  Proc.  Am.  Inst.  Elect. 

Engineers ,  vol.  30,  pt.  3,  p.  1856,  1911. 

f  P.  W.  Peek,  Law  of  Corona,  Proc.  Am.  Inst.  Elect.  Engineers ,  vol.  30,  pt.  3, 
p.  1889,  1911.  •  -  •  • 

§  I.  B.  Whitehead,  The  Electric  Strength  of  Air,  Proc.  Am.  Inst.  Elect. 

Engineers ,  vol.  29,  pt.  2,  p.  1189,  1910. 
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If  g  be  the  flux  density  at  the  surface  of  the  wire,  which  is  numerically 
equal  to  the  potential  gradient  or  the  force  when  the  specific  inductive 
capacity  is  unity,  the  force  at  radius  a  due  to  the  radial  flux  is  2Q /a,  and 
for  a  system  of  wires  in  which  the  distance  between  wires  is  great 
compared  with  the  radius  this  is  also  the  force  at  the  small  distances 
which  we  are  considering,  and  consequently  g  =  2Q /a  and  Q  =  g  .  a/ 2. 
Substituting,  we  have 

Y  =  g  .  a  .  log  - 
a 


If  V0  be  the  voltage  to  neutral  corresponding  to  a  critical  value  g0  of  the 
disruptive  potential  gradient  for  air,  we  have 


y0  -  g0 .  a  .  log  - 
a 


According  to  Peek,  who  experimented  with  alternating  current  under 
conditions  obtaining  in  power- transmission  systems,  the  value  of  g0  is 
21,100  volts  effective  per  centimetre  at  standard  pressure  and  25°  C.  At 
any  other  pressure  and  temperature  the  value  of  g0  is 

g0  x  A  x  =  21100  x  8 
y  b0  T 


where  b  is  the  barometer  pressure,  b0  is  the  standard  barometric  pressure 
(i.e.,  76  cm.  of  mercury),  T  is  the  absolute  temperature,  and  T0  the 
datum  temperature  on  the  absolute  scale  (i.e.,  273  +  25  —  298).  The 
ratio  T 0/b0  =  298/76  ==  3  92,  and  the  equation  now  becomes 

V0  =  21100  to  .  8  .a  log  -  . . . (9) 

a 


where  V0  is  the  effective  voltage  to  neutral  of  a  three-phase  or  single¬ 
phase  system  and  where  w  is  a  factor  expressing  the  surface  condition  of 
the  wire,  and  which,  according  to  Peek,  is  unity  for  smooth  polished  wire, 
and  0-98  to  0-93  for  roughened  or  weathered  wire,  and  0-87  to  0*83  for 
seven-strand  cable. 

Diagram  D  52  shows  the  value  of  the  disruptive  critical  voltages  for 
different  diameters  and  spacing.  For  a  fully  developed  corona  the 
potential  gradient  at  the  surface  is,  according  to  Peek, 

/  0-301  \ 

21100  (1+vt) 

and  the  effective  voltage  to  neutral 

/  0-301  \  ,  d 

Yi  =  21100 to. 8.  ( 1  H - j=- )  a  log  . . (10) 

\  Va  /  a 

where  to  is  a  factor  which  varies  from  1  to  0'93  according  to  surface 
conditions  for  single  wires,  and  has  a  value  of  0*82  for  a  seven-strand 
cable  and  for  a  fully  developed  corona,  and  0-72  for  localized  corona 
effects. 

The  loss  due  to  corona  is  given  by  Peek  in  terms  of  the  disruptive 
critical  voltage  and  is  as  follows 

W  =  G,n  (V  -  Vo)2  X  10-6  . . (11) 

where  W  is  the  loss  in  kilowatts  per  mile  of  single  line,  V  is  the  effective 
voltage  between  conductor  and  neutral,  V0  is  the  disruptive  critical  voltage 

to  neutral,  n  the  frequency,  and  C  has  the  value  |  and  k  is  a  con¬ 
stant  =  0*00552.  8  has  the  same  significance  as  in  equations  (9)  and  (10). 
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Tables. 

In  this  paper  the  rotation  of  time  proceeds  clockwise,  so  that  the 
angles  advance  counter-clockwise  according  to  the  usual  convention : 
thus  if  the  current  lags  behind  the  E.M.F.  in  time  the  phase  of  the  E.M.F. 
is  in  advance  of  the  phase  of  the  current,  and  if  the  position  of  the 
current  be  taken  as  a  datum  and  the  E.M.F.  is  30°  in  advance  the  position 
is  represented  thus  /30°  O'.  If  the  current  is  in  advance  of  the  E.M.F. 

by  30°  the  position  is  represented  thus  \30°  O'.  This  convention  is 
adopted  in  the  annexed  tables,  which  give  the  values  of  essential  functions 
in  the  equations  for  a  number  of  sizes  of  cables  which  are  found  to  be 
generally  useful  in  departmental  work  : — 

(1.)  Evaluation  of  the  attenuation  factor  m  and  the  surge  impedance 
factor  n  for  10  ft.  spacing. 

(2.)  Evaluation  of  the  attenuation  factor  m  and  the  surge  impedance 
factor  n  for  9  ft.  and  8  ft.  spacing. 

(3.)  Evaluation  of  the  attenuation  factor  m  and  the  surge  impedance 
factor  n  for  7  ft.  and  6  ft.  spacing. 

(4.)  Values  of  cosh  Im  and  sinh  Im  for  100,  150,  200,  and  250  miles 
for  10  ft.  spacing. 

(5.)  Values  of  cosh  Im  and  sinh  Im  for  100,  150,  200,  and  250  miles 
for  9  ft.  spacing. 

(6.)  Values  of  cosh  Im  and  sinh  Im  for  100,  150,  200,  and  250  miles 
for  8  ft.  spacing. 

(7.)  Values  of  cosh  Im  and  sinh  Im  for  100,  150,  200,  and  250  miles 
for  7  ft.  spacing. 

(8.)  Values  of  cosh  Im  and  sinh  Im  for  100,  150,  200,  and  250  miles 
for  6  ft.  spacing. 

(9.)  Calculations  of  100-mile  transmission  at  100,000  volts. 

(10.)  Calculation  of  corona  loss. 

The  tables  will  enable  any  one  to  calculate  all  the  electrical  properties 
of  a  transmission-line  with  facility  for  such  spacing  and  sizes  of  cable  as 
are  in  ordinary  use. 


Calculations. 

An  orderly  arrangement  of  the  calculations  is  helpful  and  useful  for 
reference,  and  Table  9  is  presented  as  an  example  of  a  calculation  of 
a  typical  transmission-line  case  and  of  a  form  of  tabulation.  The  cal¬ 
culation  is  for  a  transmission  of  13,500  kw.  delivered  to  a  substation 
100  miles  distant  at  100,000  volts  between  phases  on  a  three-phase 
circuit.  The  calculations  are  in  terms  of  the  voltages  to  neutral  and 
of  the  power  per  phase.  The  power  factor  at  the  substation  is  taken 
at  95  per  cent.  This  high  value  is  not  attainable  without  special 
means,  such  as  the  use  of  synchronous  condensers  at  the  substation 
end.  The  usual  power  factor  obtained  from  a  mixed  power-supply 
system  at  maximum  load  is  between  83  per  cent,  and  86  per  cent,  if 
uncontrolled,  which  considerably  limits  the  power  which  may  be  trans¬ 
mitted  with  good  regulation. 

A  great  deal  of  improvement  is  effected  by  making  special  contracts 
with  customers  for  the  employment  of  synchronous  motors  and  of  static 
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condensers,  but  it  is  usually  found  necessary  to  supplement  these  devices 
by  synchronous  condensers  located  at  the  substation  end  of  the  various 
transmission-lines,  and  where  employed  it  is  best  to  adjust  the  condenser 
for  a  95-  or  96-per-cent,  power  factor.  This  value  keeps  the  size  of 
condenser  within  reasonable  limits ;  and  it  will  be  found,  owing  to 
the  variation  of  current  along  the  transmission-line,  that  power  can  be 
transmitted  more  economically,  generally  speaking,  at  94  to  97  per  cent, 
power  factor  than  at  unity  power  factor.  The  latter  requires  a  much 
larger  machine  compared  with  the  size  required  for,  say,  a  97-per-cent, 
power  factor. 

The  conditions  above  mentioned  entail  the  normal  use  of  synchronous 
condensers  to  adjust  or  control  the  load  factor,  but  cases  arise  in  which 
they  are  put  to  a  different  use — viz.,  to  hold  and  to  maintain  a  constant 
potential  difference  between  the  two  ends  of  the  transmission-line,  or 
between  bus-bars  at  power-house  and  substation  ;  in  which  case  they  are 
designed  of  such  dimensions  as  to  enable  a  leading  power  factor  to  be 
obtained  under  certain  conditions  of  load. 

At  a  difference  of  potential  of  100,000  volts  between  phases  there  is 
no  difficulty  in  transmitting  power  up  to  100  miles  or  thereabouts  with 
due  regard  to  the  economical  use  of  the  conductor  and  with  due  regard  to 
limits  imposed  by  good  regulation.  Between  100  miles  and  150  miles 
good  regulation  is  possible  with  less  economy  in  transmission,  but  beyond 
150  miles  the  difficulties  begin  to  increase,  so  that  it  is  necessary  to 
employ  synchronous  condensers  in  the  special  manner  described. 

In  Table  10  is  set  out  the  calculations  of  the  disruptive  critical  volt' 
age,  the  visual  critical  voltage,  and  the  loss  due  to  ionization  for  a  7/14 
conductor  with  6  ft.  spacing  on  a  66,000-volt  three-phase  transmission 
system,  from  which  it  will  be  seen  that  this  size  of  conductor  is  in  the 
margin  of  possible  use. 

Diagrammatic  Representation. 

It  is  always  advisable  to  represent  the  characteristics  of  a  trans¬ 
mission-line  graphically,  and  to  take  account  of  the  impedence  of  the 
transformers  at  each  end  and  of  the  impedance-coils  if  used.  If  the 
characteristics  of  the  transformers  to  be  used  are  not  known  the  following 
values  may  be  taken  as  representative  :  transformer  reactance  voltage,  5 
to  6  per  cent. ;  transformer  resistance  voltage,  0-7  to  0*8  per  cent.  Each 
set  of  impedance-coils  will  have  about  the  same  ratio  of  reactance  voltage 
to  the  line  voltage  as  the  transformers,  but  the  resistance  voltage  is 
usually  less  and  between  0T5  and  0-2  per  cent.  D  74  is  a  representation 
of  Table  9  combined  with  transformer  characteristics  at  each  end  having 
6  per  cent,  reactance  and  0*8  per  cent,  resistance,  together  with  the 
characteristic  of  an  impedance-coil  at  the  power-station  or  sending  end, 
having  6  per  cent,  reactance  and  0-2  per  cent,  resistance  in  term  of  the 
line  voltage. 

The  total  inclusive  voltage  drop  is  11*3  per  cent.,  of  which  4-8  per 
cent,  is  in  transformers  and  impedance-coils,  and  the  remainder,  or  6  5  per 
cent.,  in  the  line.  And  inasmuch  as  the  regulation  of  a  generator  is 
limited  to  10  or  12  per  cent,  it  will  be  realized  that  the  reactance  of 
the  transformer  and  the  choke-coils  places  a  serious  limitation  upon  the 
range  of  transmission  and  upon  the  amount  of  power  to  be  transmitted 
economically,  because,  generally  speaking,  only  about  half,  or  say  5  or  6 
per  cent.,  is  available  for  transmission  purposes. 
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Table  9. 

Transmission  at  100,000  Volts,  Three-phase,  50  Cycles. 

Power  delivered,  13,500  kw.,  power  factor,  0-95;  spacing  of  conductors, 
10ft.;  symmetrical;  size  of  conductors,  19/13;  distance  of  trans¬ 
mission,  100  miles. 


— 

Symbols. 

Power  to  be  delivered  per  phase 

Kw. 

4,500 

Voltage  to  neutral  at  delivery  end . . 

57,700 

/18°  11' 

Vr 

Power  factor  at  delivery  end 

No. 

0-95 

Cos-1  0-95 

Z 

18°  11' 

e 

Current  per  phase 

Amps. 

82 

Ir 

Surge  impedance 

406-1 

\13°  39' 

n 

Cosh  Im 

0-9847 

/0°  28' 

.  . 

Sinh  lm 

0-1812 

/76°  24' 

•  . 

Vr  cosh  lm 

=  57700  /18°  11'  x  0-9847  /0°  28' 

=  56700  /18°  39' 

=  53800  +  i  18150 
nlr  sinh  lm 

=  406  1  \13°  39'  x  82  x  0-1812  /76°24' 
=  6040  /62°  45' 

=  2765  +  i  5370 

Vr  cosh  lm  +  nlr  sinh  lm 

=  56565  +  i  23520  . . 

61,500 

/22°  33' 

Vs 

Ratio  Vs/Vr 

No. 

1-063 

Ir  cosh  lm 

=  82  x  0-9847  /0°  28' 

=  80-6  /0°  28' 

=  80-6  +  i  0-6529 

Vr 

—  sinh  lm 
n 

=  57700  /18°  11'  x  0-1812  /76°  24' 

406-1  \13°  39' 

=  25-8  /108°  14' 

=  —  8*05  -f  i  24*4 

Ir  cosh  lm  -f  — l  sinh  lm 
n 

=  72-55  +  i  25-05  . . 

76-8 

/19°  06' 

T 

Phase  difference  between  Vs  and  Is 

/3°  27' 

S 

Power  input 

=  Vs  Is  cos  3C  27' 

=  61500  x  76-8  x  0-998 

Kws 

4,720 

Power  received  per  phase. . 

Kwr 

4,500 

Loss 

Kw 

200 

Efficiency 

% 

95-4 

Ref. 


T  1 
T  4 
T  4 


E  2 


E  4 


Note. — Position  of  current  at  receiving  or  substation  end  of  the  line  taken  as  a  datum. 

T  refers  to  tables,  E  to  equations. 
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Table  10. 

Corona  Loss. 

Voltage  between  phases,  66,000;  spacing,  6  ft.;  size  of  wire,  7/14; 
diameter,  0-24";  distance,  100  miles;  frequency,  50  cycles  per 
second. 


-  J  Symbol. 

Ref. 

Disruptive  critical  voltage  to  neutral 

Distance  between  centres 

Radius  of  conductor 

Ratio  d/a 

Log  d/a 

Value  of  <5 

Value  of  m  for  seven-strand  cable 

cm. 

cm. 

No. 

No. 

No. 

No. 

183 

0-3048 

600 

6-3959 

1 

0-83 

Vo 

d 

a 

5 

m 

V0  =  21100  m .  5  .  a  log  _ 

a 

=  21100  x  0-83  x  0-3048  x  6-3969  . . 

Effective  voltage  between  phases 

•  • 

•  • 

E  9 

Volts 

Volts 

34.200 

59.200 

Vo 

Visual  critical  voltage 

•  . 

•  • 

Vi 

V  a  . . 

No. 

0-552 

4/  a 

0  301  0  301 

1  +  =  1  +  U  dU1  -  1  +  0-545 

Va  0-552 

No. 

1-545 

Value  of  m  for  seven-strand  cable 

No. 

0-72 

m 

Vi  —  21100  x  m  fl  +  0  \  a  log  ^ 

V  v a  J  a 

E  10 

=  21100  x  0-72  x  1-545  x  0-348  x  6-3969 
Effective  voltage  between  phases 

Volts 

Volts 

45,800 

79,400 

V 

Loss  through  ionization 

*  V5  -  0  00532  x 

d  1  600 

=  0-00552  x  1  . . 

24-5 

0-000225 

c 

Working  voltage  to  neutral 
(V  -  V0)2  x  10-6  =  40002  x  10-6 

W  =  C  .  n  (V  -  V0)2  x  10-6 

=  0-000225  x  50  x  16  per  mile  per  wire 
Loss  per  100  miles  on  three  phases 

Volts 

Kw. 

Kw. 

38,200 

16 

*  0-18 
54-0 

V 

E  11 

j 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 

Mining  Education  in  New  Zealand. 

The  recently  published  Calendar  of  the  University  of  Otago  shows  that  an 
extensive  revision  has  been  made  of  the  courses  of  study  for  the  Associate- 
ship  of  the  Otago  University  School  of  Mines.  While  there  is  still  retained 
the  separation  of  the  Associateship  into  the  three  divisions  of  Mining, 
Metallurgy,  and  Geology  respectively,  the  period  of  study  for  each  of  these 
has  been  lengthened  from  three  to  four  years,  of  which  the  first  three  years 
of  study  are  common  to  all  three  divisions  and  specialization  occurs  in  the 
fourth.  By  this  means  a  greater  amount  of  general  and  especially  geological 
training  is  given  to  students  of  all  divisions,  while  additional  advanced 
courses  have  been  introduced  in  mining,  metallurgy,  and  workshop  prac¬ 
tice.  By  this  means  a  broader  basis  of  education,  both  theoretical  and 
practical,  will  be  obtained  than  was  possible  when  specialization  began 
somewhat  earlier  and  the  whole  course  was  shorter. 

The  following  is  the  outline  of  the  courses  of  study  : — 

First  year  :  Chemistry,  physics,  mathematics,  geology,  and  draw¬ 
ing  I.  (Thirty-two  hours  per  week  class- work.) 

Second  year  :  Mineralogy,  determinative  mineral  analysis,  mining 
geology  and  mining  I,  ore-dressing,  surveying  I,  theoretical 
mechanics,  and  applied  mechanics  I.  (Twenty-six  hours  per 
week  class-work.) 

Third  year  :  Mining  II,  applied  mechanics  II,  metallurgy  I,  assay¬ 
ing  I,  petrology  I,  physical  geology  II  (with  practical  instruction 
in  geological  surveying),  and  drawing  II.  (Twenty-five  hours  per 
week  class-work.) 

Fourth  year  :  All  students  take  the  following  subjects— Surveying  II, 
assaying  II,  metallurgy  II,  petrology  II,  drawing  III,  toge¬ 
ther  with  advanced  mining  and  workshop  practice,  advanced 
metallurgy  and  workshop  practice,  or  advanced  stratigraphical 
geology  and  palaeontology,  according  to  the  division  in  which 
the  student  specializes.  (A  total  of  twenty-six  hours  per  week 
class-work.) 

Courses  of  a  few  lectures  each  in  ambulance,  first  aid,  and  the  physiology 
of  respiration  are  introduced  into  the  course  where  convenient. 

The  new  course,  workshop  practice,  is  defined  as — Testing  of  materials 
such  as  cement,  timber,  steel  rods,  &c.  ;  testing  of  coal-mine  gas,  and 
measurement  of  the  flow  of  water  ;  practice  in  the  use  of  engines,  car¬ 
penters’  and  blacksmiths’  tools,  and  the  construction  of  models  associated 
with  mining  and  metallurgy  ;  the  electrical  testing  of  leads,  lighting  cir¬ 
cuits,  exploders,  detonators  ;  notes  on  electric-power  transmission,  switch¬ 
boards,  transformers,  &c.  ;  practice  in  wiring,  storage-battery  utility. 

In  addition  to  the  class-work,  all  students  must  spend  twelve  months 
in  practical  work,  the  length  of  the  vacation  being  arranged  so  as  to  permit 
the  student  completing  this  work  by  the  time  the  class-work  is  finished. 
All  students  must  spend  at  least  four  months  in  underground  mining-work, 
while  an  additional  eight  months  must  be  spent  in  mining,  metallurgical 
work,  or  in  geological  surveying,  and  a  thesis  prepared  descriptive  of  some 
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mining  operations,  a  metallurgical  process,  or  the  geology  of  an  approved 
area,  according  to  the  division  in  which  the  student  specializes.  The  classes 
commence  on  the  first  Tuesday  after  the  8th  March  in  each  year,  and 
lectures  and  examinations  are  completed  by  the  30th  September,  except  in 
the  first  year,  when  they  are  finished  about  three  weeks  later.  The  total 
fees  payable  in  the  divisions  of  mining  and  metallurgy  are  £93  16s.  6d., 
and  in  the  geological  division  £92  5s.  There  are  six  Government  mining 
scholarships,  of  an  annual  value  of  £50,  for  students  passing  through  the 
mining  courses,  and  post-graduate  scholarships  in  mining  and  metallurgy 
are  announced,  together  with  one  place  allotted  yearly  by  Messrs.  Bewick, 
Moreing,  and  Co.  to  a  graduate  of  the  Otago  School  of  Mines,  an  appoint¬ 
ment  that  carries  with  it  very  valuable  opportunities  for  a  successful  career. 


New  Zealand  Institute, 

The  adjourned  annual  meeting  of  the  Board  of  Governors  of  the  New 
Zealand  Institute  was  held  in  Canterbury  College,  Christchurch,  on  the 
1st  and  3rd  February,  1918. 

Board  of  Governors. 

Poverty  Bay  Institute. 

A  new  affiliated  society  formed  at  Gisborne,  under  the  name  of  the 
Poverty  Bay  Institute,  was  duly  incorporated  in  the  New  Zealand  Institute. 

F  ellowship  of  the  New  Zealand  Institute. 

It  was  resolved  to  institute  a  Fellowship  of  the  New  Zealand  Institute 
as  an  honorary  distinction,  with  the  abbreviation  F. N.Z. Inst.  There  are 
to  be  twenty  Original  Fellows,  who  shall  be  elected  forthwith,  and  four 
additional  Fellows  may  be  elected  each  year  so  long  as  the  total  number 
does  not  exceed  forty.  The  Original  Fellows  include  those  past  presidents 
and  holders  of  the  Hutton  and  Hector  Medals  who  are  members  of  the 
Institute,  and  who  have  held  their  positions  and  distinctions  prior  to  the 
3rd  February,  1919,  and  the  same  persons  shall  be  electors  for  the  remaining 
Original  Fellows. 

Catalogue  of  New  Zealand  Fishes. 

It  was  resolved  that  the  Institute  urge  upon  the  Government  the  necessity 
of  preparing  and  publishing  a  catalogue  of  New  Zealand  fishes  as  a  work 
of  national  importance,  and  that  this  work  should  be  undertaken  at  the 
earliest  date  possible. 

Kapiti  Island. 

Professor  H.  B.  Kirk  presented  a  report  on  Kapiti  Island,  prepared  by 
himself  and  Mr.  W.  E.  Bendall,  which  was  adopted  and  ordered  to  be  printed 
in  the  next  volume  of  Transactions  and  Proceedings.  It  was  resolved  that 
the  Minister  of  Lands  be  urged  to  acquire  the  remaining  portions  of  the 
island  from  the  private  owners,  in  order  to  prevent  the  damage  and 
destruction  to  the  flora  and  fauna  which  is  now  taking  place,  and  that  the 
Government  be  asked  to  recognize  formally  the  New  Zealand  Institute  as 
an  advising  body  in  connection  with  the  administration  of  Kapiti  Island 
and  other  plant  and  animal  sanctuaries. 
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Protection  oj  Birds  and  Seals. 

It  was  resolved  that  the  New  Zealand  Institute  urge  upon  the  Govern¬ 
ment  the  necessity  of  strictly  enforcing  the  regulations  for  the  protection 
of  seals  and  native  birds  in  New  Zealand.  A  similar  resolution  urges  upon 
the  Government  of  Tasmania  the  protection  of  seals  and  birds  upon 
Macquarie  Island. 

Science  Congress. 

The  general  meeting  of  the  Institute  in  Christchurch  from  the  4th  to 
8th  February  was  very  well  attended,  and  apparently  greatly  enjoyed  by 
those  taking  part.  We  propose  to  devote  the  greater  part  of  our  next 
number  to  an  account  of  the  congress. 


Board  of  Science  and  Art. 

The  fourth  annual  meeting  of  the  Board  of  Science  and  Art  was  held  in 
the  Dominion  Museum  on  the  11th  March.  Besides  reviewing  the  activities 
of  the  Dominion  Museum  and  the  programme  of  the  Board  in  regard  to 
scientific  publications,  the  following  resolutions  of  general  interest  were 
passed  : — 

Allocation  of  War  Trophies. 

This  Board  advises  the  Government  that  a  War  Museum  would  be  most 
economically  established  and  administered  in  connection  with  the  Dominion 
Museum  They  recommend  to  the  Government  further  that  the  care  of 
war  trophies  and  exhibits  will  be  most  efficiently  carried  out  by  the  museum 
staffs,  and  recommend  that,  where  possible,  duplicates  of  interesting 
exhibits  should  be  obtained  from  England  and  placed  under  the  care  of 
the  museums  of  the  chief  centres. 


Scientific  and  Industrial  Research. 

After  a  general  discussion  of  the  steps  that  had  been  taken  and  the 
present  position  in  regard  to  scientific  and  industrial  research,  it  was 
resolved, — 

(1.)  That  this  meeting  urges  upon  the  Government  that  the  time  has 
come  when  the  establishment  of  a  Board  to  superintend  and  organize 
scientific  research  and  the  advancement  of  industrial  efficiency  should  no 
longer  be  delayed. 

(2.)  That  the  scheme  adopted  by  the  National  Efficiency  Board,  being 
the  well-considered  opinion  of  the  scientific  bodies  of  New  Zealand,  has  the 
foremost  claim  to  the  attention  of  the  Government. 

(3.)  That  pending  the  establishment  of  such  a  Board  a  joint  Com¬ 
mittee  of  the  New  Zealand  Institute  and  the  Board  of  Science  and  Art  be 
authorized  to  undertake  a  preliminary  investigation  into  the  following 
matters  : — 

(a.)  Industrial  problems  requiring  scientific  research. 

(b.)  Facilities  for  research  in  New  Zealand  laboratories. 

(c.)  Number  and  status  of  scientific  men  available  for  research. 

(d.)  Register  of  research  work  in  progress. 

13 — Science. 


154  The  N.Z.  Journal  of  Science  and  Technology.  [Mar. 

( e .)  Existing  facilities  for  technical  education  and  the  training  of  artisans. 

(/.)  Existing  facilities  for  the  training  of  research  students. 

(g.)  Existing  facilities  for  the  training  of  agricultural  students. 

(4.)  That  the  sum  of  £250  be  granted  to  the  above  Committee  for 
secretarial  assistance  in  making  the  above  investigation. 

Dominion  Museum,  Library,  and  Art  Gallery. 

(1.)  That  in  consideration  of  the  large  accumulation  of  invaluable 
material  at  present  stored  in  unsuitable  buildings  and  not  accessible  for 
public  display  and  use,  and  also  of  the  rapid  increase  of  war  collections, 
the  Government  be  again  urged  to  proceed  with  the  building  of  a 
new  museum  and  library  with  as  little  delay  as  possible.  Until  such  a 
building  is  provided  it  is  impossible  for  the  Museum  to  fulfil  adequately 
its  functions. 

(2.)  That  the  Board  considers  that  the  present  Museum  site  is  the  most 
suitable  for  the  Dominion  Museum  and  Library,  more  especially  as  the 
Parliamentary  and  Turnbull  Libraries  are  situated  close  to  it. 

(3.)  That  the  Board  agrees  with  the  New  Zealand  Academy  of  Fine 
Arts  that  it  is  desirable  that  the  National  Art  Gallery  should  be  placed 
under  separate  control  from  the  Museum  and  Library. 

(4.)  That  the  Science  and  Art  Act,  1913,  be  amended  in  accordance 
with  these  suggestions. 


REVIEWS  AND  ABSTRACTS. 

Preliminary  Report  of  the  Water-power  Committee  of  the  Conjoint  Board 
of  Scientific  Societies  of  Great  Britain.  (6248.) 

The  present  is  a  preliminary  report  of  the  Water-power  Committee 
appointed  to  report  upon  what  is  at  present  being  done  to  ascertain  the 
amount  and  distribution  of  water-power  in  the  British  Empire.  The  present 
power-demand  of  the  world  is  summarized,  and  the  water-power  resources 
of  each  State  set  forth,  and  the  amount  of  power  utilized,  in  so  far  as  the 
information  is  obtainable,  and  the  power  requirements  and  the  necessities  of 
the  British  Empire  are  reviewed,  and  also  the  present  state  of  investigation 
into  the  water-power  resources  of  the  different  dominions  and  dependencies. 
Deference  is  made  to  the  fact  that,  except  in  Canada  and  New  Zealand, 
no  reliable  data  concerning  the  water-power  resources  is  available.  The 
report  ends  with  the  following  conclusions  and  recommendations  : — 

Conclusions. — The  main  conclusions  to  be  drawn  from  the  evidence 
available  to  the  committee  are — 

(1.)  That  the  potential  water-power  of  the  Empire  amounts  in  the 
aggregate  to  at  least  50  to  70  million  horse-power. 

(2.)  That  much  of  this  is  capable  of  immediate  economic  development. 

(3.)  That,  except  in  Canada  and  New  Zealand,  and  to  a  less  extent  in 
New  South  Wales  and  Tasmania,  no  systematic  attempt  has  as 
yet  been  made  by  any  Government  Department  to  ascertain  the 
true  possibilities  of  the  hydraulic  resources  of  its  territories,  or  to 
collect  the  relevant  data. 
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(4.)  That  the  development  of  the  Empire’s  natural  resources  is 
inseparably  connected  with  that  of  its  water-powers. 

(5.)  That  the  development  of  such  enormous  possibilities  should  not 
be  left  to  chance,  but  should  be  carried  out  under  the  guidance 
of  some  competent  authority. 

Recommendations. — In  view  of  these  conclusions  the  committee  would 
submit  the  following  recommendations  : — 

(1.)  That  the  British  Government  bring  before  the  notice  of  the  Indian 
Government,  of  the  various  Dominion  Governments,  and  of  the 
governing  bodies  of  the  Crown  colonies,  the  necessity  for  a  close 
systematic  investigation  of  all  reasonably  promising  water-powers, 
and  of  their  economic  possibilities. 

(2.)  That  the  British  Government  take  steps  to  ascertain  whether  the 
Governments  concerned  are  prepared  to  undertake  this  work. 

(3.)  That  where  such  an  inquiry  is  beyond  the  powers  of  any  governing 
body,  the  British  or  Imperial  Government  place  the  work  under 
the  direct  control  of  an  “  Imperial  Water-power  Board  ”  or 
“  Conservation  Commission.” 

(4.)  That  the  Government  take  steps  to  initiate  the  formation  of  such 
an  Imperial  Water-power  Board  or  Imperial  Conservation  Com¬ 
mission,  to  include  a  representative  from  each  of  the  Dominions 
and  dependencies. 

(5.)  That  this  Board  act  in  an  advisory  capacity.  It  should  decide  on  the 
sequence  of  such  investigation  work  as  comes  under  its  purview. 
It  is  suggested  that  all  schemes  for  the  development  of  which 
local  resources  are  inadequate  should  be  submitted  to  the  Board 
by  the  Governments  concerned,  and  that  the  Board  should  make 
recommendations  on  which  the  Imperial  Government  might  take 
action.  Such  a  Board  would  be  able  to  take  a  broad  and  com¬ 
prehensive  view  of  the  advantages  to  the  Empire  as  a  whole, 
attending  the  development  of  any  given  scheme,  and  would 
be  able  to  form  a  reasonable  decision  as  to  the  relative  advantages 
of  such  different  schemes  as  might  be  brought  forward  from 
different  parts  of  the  Empire. 

(6.)  That,  since  it  is  unlikely  that  private  capital  will  be  available  for 
many  years  for  hydraulic  development  on  any  large  scale,  powers 
should  be  obtained  to  enable  the  State  to  assist  or  to  undertake 
such  development  if  thought  advisable.  It  is  suggested  that 
much  might  be  done  to  attract  private  capital  if  the  State,  after 
careful  investigation,  were  to  guarantee  a  suitable  minimum 
interest  on  the  necessary  capital,  sharing  at  the  same  time  in  any 
profits  beyond  the  ^amount  necessary  to  provide  that  interest. 
By  this  method  of  assistance  private  enterprise  would  be  untram¬ 
melled,  and  the  management  of  the  concerns  so  assisted  would 
remain  in  private  hands.  p  p 

Agricultural  Research  in  Australia.  Bulletin  No.  7  of  the  Commonwealth 

of  Australia  Advisory  Council  of  Science  and  Industry ,  Melbourne. 
1918. 

This  bulletin  is  the  official  report  of  the  proceedings  at  a  conference  of 
agricultural  scientists  held  in  Melbourne  last  November  under  the  auspices 
of  the  Advisory  Council.  It  arose,  as  Professor  D.  Orme  Masson  explained 
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in  his  opening  address,  out  of  the  recognition  “  that  the  primary  industries, 
especially  the  pastoral  and  agricultural  industries,  offer  more  pressing 
problems,  problems  that  offer  a  bigger  and  perhaps  more  speedy  promise 
of  returns  of  value  to  Australia,  than  the  secondary  industries  ”  ;  and  its 
functions  included  (1)  a  survey  of  the  past  and  present  state  of  knowledge 
of  the  subjects  on  the  programme  ;  (2)  the  drawing-up  of  a  scheme  of  future 
work,  and  the  suggestion  of  a  method  to  ensure  the  sharing  of  that  work  ; 
(3)  the  giving  to  the  Executive  Committee  some  advice  as  to  the  ways  in 
which  the  Federal  Government,  operating  through  the  Advisory  Council, 
can  help  the  progress  of  scientific  agricultural  research  in  Australia  without 
producing  harmful  results  by  interference. 

The  conference  seems  to  have  achieved  the  first  of  these  objects  with 
moderate  success,  as  it  listened  to  and  criticized  a  large  number  of  papers. 
One  notices,  however,  that  all  of  these  except  one  related  to  plants  and 
plant-breeding.  If  these  papers  accurately  represent  the  work  that  is  being 
done  in  the  island  continent,  then  one  must  be  excused  for  thinking  that 
there  is  plenty  of  work  for  the  Advisory  Council  in  restoring  a  balance  and 
seeing  that  soil  and  animal  studies,  which  we  had  thought  of  no  little  import¬ 
ance  in  Australia,  receive  some  attention. 

The  second  and  third  objects  as  outlined  by  Professor  Masson  seem  to 
have  received  little  attention,  these  matters  being  left  till  the  last  session, 
when  Mr.  Perkins,  Director  of  Agriculture  in  South  Australia,  addressed  the 
conference  on  “  Some  Suggestions  as  to  the  Commonwealth  Endowment 
of  Agricultural  Research,”  and  Professor  Watt,  of  Sydney,  on  “  Agricultural 
Research  and  the  Prevention  of  Overlapping.”  The  former  confined  his 
remarks  almost  entirely  to  the  organization  of  research  work,  and  sum¬ 
marized  his  suggestions  as  follows  :  (1)  Official  financial  assistance  not¬ 

withstanding,  effective  research  must  be  free  research  ;  (2)  exit  research 
scholarships  opening  the  way  to  the  universities  should  be  established  at 
all  our  agricultural  colleges  ;  (3)  university  research  scholars  should  devote 
their  time  unhampered  to  the  sciences,  and,  if  inclined  thereto,  to  agricul¬ 
tural  economics  ;  (4)  financial  assistance  should  be  given  to  one  or  more 
universities  for  the  complete  equipment  and  maintenance  of  one  or  more 
agricultural  research  stations  ;  (5)  post-graduate  bursaries  or  fellowships 

should  be  established  at  the  university  research  stations  ;  (6)  university 
research  workers  should  be  available  to  the  Departments  of  Agriculture 
whenever  special  questions  calling  for  close  expert  investigation  arise ; 
(7)  financial  assistance  should  be  offered  towards  any  approved  investigation 
work  by  competent  private  persons. 

Professor  Watt  made  specific  mention  of  many  subjects  requiring  investi¬ 
gation— namely,  a  soil  survey  of  the  continent,  dairy-cattle  improvement, 
factors  influencing  the  market  value  of  wool  and  the  mode  of  their 
inheritance,  the  inheritance  of  egg-production  in  poultry,  the  economic 
raising  of  new  plants  such  as  tobacco  and  flax,  the  general  improvement 
of  farm  crops,  the  insect  and  other  pests  of  the  farm,  and  the  question  of 
weeds.  As  regards  the  manner  of  carrying  out  this  research,  Professor 
Watt,  while  allowing  the  State  Agricultural  Departments  full  scope,  looked 
forward  to  the  University  Departments  of  Agriculture  becoming  the  centre 
of  such  work,  more  especially  because  of  the  facilities  in  the  universities  for 
training  research  workers  in  the  proper  atmosphere.  He  also  hoped  for  a 
Commonwealth  Institute  of  Science  and  Industry  acting  in  the.  direction 
of  co-ordinating  and  controlling  research  wherever  carried  out,  in  order 
both  to  secure  a  fair  distribution  of  energies  and  to  avoid  overlapping. 
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A  large  number  of  resolutions  for  transmission  to  the  Advisory  Council 
were  passed,  most  of  them  relating  to  plant-breeding,  but  the  attention 
of  those  in  New  Zealand  whom  it  may  concern  is  directed  to  the  following  : 
“  That  this  conference  expresses  its  appreciation  of  the  action  of  the 
Executive  Committee  of  the  Advisory  Council  of  Science  and  Industry  in 
calling  it  together,  and  is  confident  that  the  opportunity  of  meeting  and 
consulting  together  thus  afforded  to  agricultural  scientists  from  the  different 
States  will  be  beneficial  to  agricultural  progress  in  Australia.’ 5 


L.  J.  W. 


Preserving  Fish  without  Ice. 

In  the  International  Review  of  the  Science  and  Practice  of  Agriculture 
for  June,  1918,  and  in  the  Proceedings  of  the  Cambridge  Philosophical  Society 
for  July,  1918,  appear  short  articles  dealing  with  this  important  subject. 
By  the  present  method  of  fish-freezing,  the  fish,  after  being  brought  as 
rapidly  as  possible  to  the  refrigerator,  are  frozen  dry  on  trays  at  about 
10G  F. — a  process  taking  about  thirty-six  hours.  “  The  fish  are  then  drawn 
into  a  room  at  20°  F.,  where  they  are  dipped  into  fresh  water,  their  surfaces 
being  thus  covered  with  a  glaze  of  ice.  They  are  then  packed  in  parchment 
paper  in  strong  wooden  cases  ”  for  export.  The  process  preserves  them 
indefinitely,  but  the  fish  “  breaks  up  in  cooking,  tending  to  become  rather 
woolly,  and  loses  flavour  and  aroma.” 

A  new  method  is  now  adopted  in  North  America  and  in  England,  a 
method  which  enables  the  fish  to  be  perfectly  preserved  within  three  hours, 
and  at  a  greatly  reduced  cost.  The  fish  is  first  placed  in  a  cooling-tank 
containing  water  at  a  low  temperature.  At  the  end  of  half  an  hour  it  is 
placed  in  brine  containing  about  18  per  cent,  of  salt  at  a  temperature  below 
20°  F.  In  three  hours  it  is  taken  out  and  has  the  appearance  of  fresh  fish 
There  is  no  woolliness,  and  no  loss  of  flavour  or  aroma.  “  The  difference  is 
due  to  the  fact  that,  whereas  in  dry  freezing  there  is  a  breaking-up  of  the 
actual  muscular  fibres,  due  to  the  formation  of  ice  crystals,  in  brine-freezing 
the  crystals  are  so  small  that  the  muscular  fibres  are  entirely  unaffected 
and  on  thawing  return  to  the  normal.”  Fish  so  preserved  may  be  kept 
indefinitely  in  a  temperature  below  20°  F.,  and  even  in  a  variable  tempera¬ 
ture  will  remain  in  good  condition  for  about  fifteen  days. 

G.  M.  T. 


RECENT  PUBLICATIONS. 

MECHANICS  AND  ENGINEERING. 

Anon.,  Express  Locomotives  for  3  ft.  6  in.  Gauge,  Engineering ,  vol.  106,  No.  2760, 
pp.  576-79,  22  Nov.,  1918. 

A  description  of  the  latest  New  Zealand  Government  railway  locomotive. 

Birks,  L.,  Hydro-electric  Power  in  Canterbury,  Electrical  Review,  London,  vol  83, 
pp.  195-97,  30  Aug.,  1918 

A  descriptive  account  of  Lake  Coleridge  works  and  system  of  supply. 

Birks,  L.,  The  Place  of  Scientific  Research  in  Industrial  Development,  Chem.  Eng.  and 
Mining  Review,  vol.  10,  No.  116,  pp.  240-41,  Melbourne,  May,  1918. 
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Parry,  E.,  The  Resistance  to  the  Flow  of  Water  through  Pipes,  Trans.  N.Z .  Inst., 
vol.  50,  pp.  45-55,  1918. 

This  article  is  a  sequel  to  a  previous  article  on  the  same  subject  which  was 
printed  in  vol.  48  of  the  Transactions ,  in  which  frictional  resistance  of  water  in 


7 

pipes  as  determined  by  experiment  is  expressed  in  terms  of  ^  where  y  is  the 

coefficient  of  kinematic  viscosity,  v  the  mean  velocity  of  flow,  and  d  the  diameter 
of  the  pipe. 


ZOOLOGY. 

Australasian  Antarctic  Expedition,  1911-14,  Scientific  Reports  —  Zoology  and 
Botany : — 

Brady,  G.  S.,  Copepoda.  Vol.  5,  pt.  3,  pp.  1-48,  1918. 

Eleven  new  species  tow-netted  oif  Macquarie  Island,  of  which  three  have 
to  be  placed  in  new  genera. 

Brady,  G.  S.,  Gladoeera  and  Haloeypridae.  Vol.  5,  pt.  4,  pp.  1-10,  1918. 

Two  new  species  of  the  former  and  one  in  the  latter  group — all  off 
Macquarie  Island. 

Bendy,  A.,  Calcareous  Sponges.  Vol.  6,  pt.  1,  pp.  1-17,  1918. 

One  new  species  and  a  new  variety  from  Macquarie  Island. 

Hedley,  €.,  Mollusca.  Vol.  4,  pt.  1,  pp.  1-80,  1916. 

Thirteen  new  species,  of  which  one  is  placed  in  a  new  genus.  All  col¬ 
lected  by  Harold  Hamilton  at  Macquarie  Island. 

Rainbow,  W.  J.,  Arachnida  from  Macquarie  Island.  Vol.  5,  pt.  1,  pp.  1-13,  1917. 

Describes  afresh  a  number  of  species  already  recorded. 

Rathbun,  Mary,  Braehyura.  Vol.  5,  pt.  2,  pp.  1-5,  1918. 

A  Megalopa  stage  of  a  hitherto  undescribed  species. 

Tatters  all,  W.  M.,  Euphausiacea  and  Mysidacea.  Vol.  5,  pt.  5,  pp.  1-15,  1918. 

One  new  species  of  Teganomysis  from  the  Auckland  Islands. 

Thomson,  J.  A.,  Brachiopoda.  Vol.  4,  pt.  1,  pp.  1-76,  1918. 

Nine  new  species  are  described,  for  three  of  which  he  forms  new  genera. 
One  of  these  species  is  fossil.  He  discusses  the  geographical  distribution,  and 
adds  a  valuable  map,  founded  on  the  most  recent  soundings,  of  the  Antarctic 
region. 

Waite,  E.  R.,  Fishes.  Vol.  3,  pt.  1,  pp.  1-92,  1916. 

Describes  three  new  species,  for  two  of  which  he  founds  new  genera.  Two 
of  these  species  come  from  Macquarie  Island,  and  the  third  from  Adams 
Island,  in  the  Auckland  Group. 

British  Antarctic  (“  Terra  Nova”)  Expedition.  1910,  Natural  History  Report — 
Zoology  : — 

Fell,  F.  J.,  Echinoderma,  pt.  1,  Actinogonidiata.  Vol.  4,  No.  1,  pp.  1-10,  1917. 

Two  new  species  of  Ophiurid  from  depth  of  70  fathoms  off  the  North 
Cape,  N.Z. 

Borradaile,  L.  A.,  Crustacea,  pt.  1,  Decapoda.  Vol.  3,  No.  2,  pp.  75-110,  1916. 

Twelve  of  the  twenty-nine  species  obtained  off  our  coast  are  new,  and 
one  new  genus  is  formed.  These  occur  in  moderately  deep  water  ;  and  nearly 
all  the  others  have  been  previously  recorded  from  this  area. 

Borradaile,  L.  A.,  Crustacea,  pt.  2,  Porcellanopagurus,  an  Instance  of  Carcinization. 
Vol.  3,  No.  3,  pp.  111-26,  1916. 

“  Porcellanopagurus  is  one  of  the  many  attempts  of  nature  to  evolve  a 
crab  ”  (from  a  hermit-crab).  An  interesting  study  in  evolution. 

Borradaile,  L.  A.,  Crustacea,  pt.  3,  Cirripedia.  Vol.  3,  No.  4,  pp.  127-36,  1916. 

Seven  species  taken  at  or  near  New  Zealand,  but  none  are  new. 

Calman,  W.  T.,  Crustacea,  pt.  4,  Stomatopoda,  Cumacea,  Phyllocarida,  and  Cladocera. 

Vol.  3,  No.  5,  pp.  137-62,  1917. 

A  number  of  immature  specimens  of  stomatopods  from  New  Zealand. 
Of  the  eight  species  of  Cumacea  two  are  new.  One  species  of  cladoceran  occurs 
both  to  the  north  of  New  Zealand  and  also  off  Rio  de  Janeiro. 

Jackson,  J.  W.,  Brachiopoda.  Vol.  2,  No.  8,  pp.  177-202,  1918. 

The  material  includes  a  number  of  specimens  from  New  Zealand  waters, 
including  one  new  form  referred  to  Liothyrella  sp. 
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British  Antarctic  (“Terra  Nova”)  Expedition,  1910 — continued. 

Massy,  Anne  L.,  Mollusca,  pt.  2,  Cephalopoda.  Vol.  2,  No.  7,  pp.  141-73, 
1916. 

Includes  seven  species  obtained  off  the  north  coast  of  New  Zealand.  None 
are  new,  but  the  area  of  distribution  is  extended. 

Chilton,  C.,  The  Identity  of  the  Two  Amphipods  Ampelisea  eschrichtii  Kroyer  and 
A.  macrocephala  Liljeborg,  Journ.  Zool.  Res.,  vol.  2,  pp.  75-93,  with  7  figs.,  1917. 
Gilchrist,  J.  D.  F.,  The  Eggs  and  Spawning-habits  of  the  Pilot-fish  (Nauerates  ductor), 

Ann.  &  Mag.  Nat.  Hist.,  ser.  9,  vol.  2,  p.  114,  1918. 

Hudson,  G.  V.,  Descriptions  of  New  Species  of  Lepidoptera  from  New  Zealand,  Entomolo¬ 
gists'1  Monthly  Magazine,  ser.  3,  vol.  4,  pp.  61-63,  1918. 

Mottram,  J.  C.,  Some  Observations  on  the  Feeding-habits  of  Fish  and  Birds,  with  Special 
Reference  to  Warning  Coloration  and  Mimicry,  Journ.  Linn.  Soc.  Zoology,  vol.  34, 
pp.  47-60,  1918. 

Some  of  the  observations  were  made  with  the  trout  Salmo  fario  in  New  Zealand 
rivers.  He  concludes  that  “  There  are  many  factors  which  determine  whether  or 
not,  at  any  particular  time,  an  animal  will  prey  upon  another,  of  which  relative 
palatability  is  one.  Birds  and  fish  are  deluded  by  rough  resemblances  (of  inanimate 
objects)  to  the  insects  upon  which  they  are  at  the  time  feeding.” 

Murphy,  R.  C.,  and  Harper,  F.,  Two  New  Diving  Petrels,  Abstract  in  Ibis,  ser.  10, 
vol.  5,  p.  103,  1917. 

The  diving  petrels  of  Chatham  Islands  are  distinguished  from  those  of  New 
Zealand  under  the  name  Pelecanoides  urinatrix  chathamensis  n.  subsp. 

Schmidt,  J.,  and  Strubberg,  A.,  Mediterranean  Bramidae  and  Trichiuridae,  Danish 
Oceanographical  Expedition,  1908-10,  vol.  11,  A,  6,  pp.  1-15,  1918. 

Describes  and  figures  sundry  juvenile  stages  of  Lepidopus  caudatus,  our  “frost- 
fish  ”  ;  also  of  Brama  raji,  which  is  so  nearly  allied  to  our  Lepodus  squamosus  that 
Hutton  placed  it  in  the  genus  Brama. 

Wetmore,  A.,  A  New  Cuckoo  from  New  Zealand,  Proc.  Biol.  Soc .  Washington,  vol.  30, 
1917,  pp.  1-2.  (Abstract  in  Ibis.,  ser.  10,  vol.  5,  p.  362,  1917.) 

Urodynamis  taitensis  pheletes  n.  subsp.,  distinguished  from  the  type,  the  locality 
of  which  is  Tahiti,  by  its  more  buffy  and  heavily  streaked  under-parts. 

GEOLOGY  AND  PALAEONTOLOGY. 

Bather,  F.  A.,  The  Triassic  Crinoids  of  New  Zealand,  collected  by  Dr.  C.  T.  Trechmann, 

Quart.  Journ.  Geol.  Soc.,  vol.  63,  pp.  247-56,  1918. 

Cotton,  C.  A.,  The  Outline  of  New  Zealand,  Geographical  Review,  vol.  6,  pp.  320-40, 
19  figs.,  1918. 

Holland,  C.  H.,  Mercury  Minerals  in  New  Zealand,  Chem.  Eng  in.  and  Mining  Review, 
vol.  10,  No.  116,  Melbourne,  May,  1918,  pp.  227-30. 

Jackson,  J.  W.,  The  New  Brachiopod  Genus  Liothyrelia  of  Thomson,  Geol.  Mag., 
dec.  6,  vol.  5,  pp.  73-79,  1918. 

Marshall,  P.,  The  Geology  of  the  Tuapeka  District,  Central  Otago  Division,  Bull.  N.Z. 
Geol.  Surv.,  No.  19  (n.s.),  pp.  vii  and  79,  figs.,  pis.,  maps,  1918. 

Park,  J.,  The  Geology  of  the  Oamaru  District,  North  Otago,  Bull.  N.Z.  Geol.  Surv., 
No.  20  (n.s.),  pp.  viii  and  119,  figs.,  pis.,  maps,  1918. 

Park,  J.,  Pleistocene  Glaciation  of  New  Zealand,  Geol.  Mag.,  dec.  6,  vol.  5,  pp.  394-97, 
pi.  xiv,  1918. 

Richards,  H.  C.,  The  Building-stones  of  Queensland,  Proc.  Roy.  Soc.  Queensland,  vol.  30, 
pp.  97-157,  pis.  viii-x,  1918. 

Oamaru  limestone  has  been  used  to  some  extent  in  Queensland,  but  is  con¬ 
sidered  too  porous  and  too  poor  in  weathering  qualities  to  justify  further  importa¬ 
tions. 

Thomson,  J.  A.,  The  Genus  Bouchardia  and  the  Age  of  the  Younger  Beds  of  Seymour 

Island,  Geol.  Mag.,  dec.  6,  vol.  5,  pp.  258-63,  1918. 

Bouchardia  minima  sp.  nov.,  from  the  limestone  of  Mount  Brown  and  Flat- 
top  Hill,  New  Zealand. 

Trechmann,  C.  T.,  Cretaceous  Mollusca  from  New  Zealand,  Geol.  Mag.,  dec.  6,  vol.  4, 
pp.  294-305,  337-42,  1917. 

Trechmann,  C.  T.,  The  Trias  of  New  Zealand,  Quart.  Journ.  Geol.  Soc.,  vol.  63, 
pp.  165-246,  1918. 

Woods,  Henry,  The  Cretaceous  Faunas  of  the  North-eastern  Part  of  the  South  Island 

of  New  Zealand,  N.Z.  Geol.  Surv.  Pal.  Bull.,  No.  4,  41  pp.,  maps,  20  plates,  1917. 
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ANTHROPOLOGY. 

Balfour,  H.,  Some  Specimens  from  the  Chatham  Islands,  Man,  vol.  17,  pp.  145-49, 
Oct.,  1918. 

The  fine  specimens  include  a  bone  dagger  believed  to  be  unique,  a  mata  pre¬ 
senting  analogies  with  the  mataa  of  Easter  Island,  and  a  statuette  in  pumice  with 
“staring”  ribs  which  bears  a  general  resemblance  to  the  wooden  figures  of  Easter 
Island. 

Cheeseman,  T.  F.,  Maori  Burial-chests,  Man,  vol.  18,  p.  81,  figs.  1-7,  1918. 

Hocart,  A.  M.,  A  Point  of  Grammar  and  a  Study  in  Method,  Amer.  Anthropologist  (n.s.), 
vol.  20,  pp.  265-79,  1918. 

A  study  of  Melanesian  and  Polynesian  possessive  pronouns,  exposing  the 
defects  of  the  psychological  and  the  culture-fusion  theories  which  have  been  put 
forward  to  explain  their  number. 


CORRESPONDENCE. 

Manufacture  of  Chemicals  and  Drugs. 

Sir,- — I  note  with  interest  a  letter  by  the  Hon.  G.  M.  Thomson  in 
your  November  issue  on  the  above  subject.  I  agree  most  heartily 
with  Mr.  Thomson’s  contention,  but  whilst  urging  a  more  comprehensive 
investigation  of  the  subject  on  a  commercial  scale  we  must  at  the  same  time 
recognize  as  an  inspiration  to  further  efforts  what  is  already  being  done 
by  the  chemists  and  industrialists,  for  it  indicates  that  definite  commercial 
results  are  available. 

The  most  successful  effort  in  the  Christchurch  district  during  the  war 
has  been  the  erection  of  a  fair-sized  sulphuric-acid  plant  by  the  Woolston 
Tanneries.  But  in  addition  to  this  the  following  chemicals  and  materials 
are  being  manufactured  on  a  small  scale  :  Iron  hydrate  and  oxide  and 
oxide  paint,  caustic  soda,  calcium  carbide,  potassium  permanganate,  sodium 
phosphate  (Parrish’s  Food),  and  sodium  sulphite.  Of  these,  four — viz., 
iron  hydrate,  caustic  soda,  calcium  carbide,  and  potassium  permanganate 
— are  produced  by  directly  electrical  processes.  The  manufacture  of  rennet 
and  compressed  yeast  have  also  been  firmly  established. 

These  have  all  been  undertaken  without  Government  assistance  except 
in  the  case  of  the  iron  oxide,  towards  which  a  direct  grant  of  £250  was 
made  by  the  Department  of  Industries. 

These  results  by  no  means  cover  the  whole  ground.  With  the  exception 
of  the  sulphuric  acid,  compressed  yeast,  and  rennet,  they  are  commercially 
still  in  the  experimental  stages,  and  a  great  deal  of  effort  will  still  be 
necessary  before  they  are  fully  established,  even  if  the  prices  justify  their 
continuance  after  shipping  conditions  have  again  become  normal.  The 
great  importance  of  the  matter  is  indicated  by  the  comparative  pre-war 
and  present-day  prices  given  in  Mr.  Thomson’s  letter  in  the  case  of  a  large 
number  of  other  chemicals  and  drugs. 

Christchurch,  30th  December,  1918.  Birks. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND.  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S,  Illustrated.  Royal  8vo.  Cloth  boards,  I  Os. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 
MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material.;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6:  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1901. 
Illustrated.  By  Alexander  McKay,  F.G.S.  Paper  covers.  Is. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  10s. 

TOWN-PLANNING;  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  5s. 

WAIPOUA  KAURI  FOREST:  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d. 

Orders  should  be  addressed  to — 

GOVERNMENT  PRINTER, 

WELLINGTON. 


BOARD  OF  SCIENCE  AND  ART  BULLETIN  No.  1  ;  New  Zealand  Brown  Coals. 
By  H.  Rands,  M.A.,  B.Sc.,  and  W.  0.  R.  Gilling,  M.A.,  B.Sc.  2s. 

Orders  should  be  addressed  to — 

‘  THE  DIRECTOR, 
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SCIENTIFIC  PUBLICATIONS. 


'pHE  following  Scientific  Works,  published  undei  the  authority  of 
the  New  Zealand  Government,  are  now  on  sale  at  the  Stationery 

Of 

Department,  Wellington,  and  will  be  transmitted  at  the  published 
price  to  any  address  in  the  Dominion. 


BIOLOGICAL  EXERCISES.  (1  and  2  out  of  print.)  3.  The  Anatomy  of  the  Common 
Mussels.  4.  The  Skeleton  of  the  New  Zealand  Crayfishes.  Is.  each. 

DICTIONARY  OF  THE  MAORI  LANGUAGE.  By  Herbert  W.  Williams,  M.A.  Cloth 
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GEOGRAPHICAL  REPORT  ON  THE  FRANZ  JOSEF  GLACIER.  By  J.  M.  Bell.  Is. 
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2s.  6d. 
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boards,  4s. 
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EDITORIAL. 

Mr.  Evan  Parry  and  a  Library  of  Science  and  Technology. 

We  take  this  opportunity  of  expressing  the  regret  we  feel  at  the  departure 
of  Mr.  Evan  Parry  from  New  Zealand,  regret  which  is,'  however,  tempered 
by  the  knowledge  that  he  has  left  these  shores  only  to  enter  a  wider 
field  of  activity. 

Not  only  has  Mr.  Parry  contributed  to  the  pages  of  the  Journal  a 
number  of  articles  the  merit  of  which  is  self-evident,  but  also  as  a 
member  of  the  Editorial  Committee  since  its  inception  he  has  ever  dis¬ 
played  the  keenest  interest  in  its  progress  and  spared  no  effort  to  further 
its  aims. 

The  time  seems  opportune  to  remind  our  readers  of  an  important 
project  which  has  lost,  owing  to  the  departure  of  Mr.  Parry,  one  of  its 
most  active  supporters.  In  bidding  farewell  to  a  representative  gathering 
of  engineers  and  scientific  men  on  the  eve  of  his  departure  he  exhorted 
them  to  work  together  for  the  establishment  of  a  technological  library 
for  the  Dominion. 

The  efforts  made  in  the  last  few  years  to  achieve  this  end  have  so  far 
been  unsuccessful,  and  it  is  a  standing  reproach  to  the  people  of  New 
Zealand  that  this  should  be  so.  There  is  no.  branch  of  applied  science 
in  which  workers  are  not  hampered  and  daunted  by  the  lack  of  books  and 
magazines  which  are  necessary  to  inform  them  of  the  progress  of  the  art 
and  to  keep  them  abreast  of  world  developments.  Consider,  for  instance, 
the  utilization  of  the  Taranaki  ironsands.  How  much  money  and  time 
has  been  wasted  on  vain  and  foolish  experiments  that  would  never  have 
been  attempted  if  the  failure  of  similar  trials  elsewhere  had  been  a  matter 
of' record  arid  easy  access  in  a  New  Zealand  library  !  Every  industry  has 
problems  that  can  be  solved  only  by  the  application  of  technical  know¬ 
ledge  of  a  scientific  nature,  and  the  basis  and  progress  of  such  knowledge 
depends  on  frequent  references  to  books,  reports,  transactions  of  learned 
and  technical  societies,  and  other  serial  publications  that  are  either  not 
on  hand  at  all  in  the  Dominion  or  are  hidden  away  in  some  library  not 
known  or  not  available  to  the  worker  at  the  time.  The  objective  is 
indeed  a  laudable  one. 
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While  the  complete  fulfilment  of  the  plan  is  not  immediately  probable, 
some  measure  of  progress  and  relief  is  both  advisable  and  practical.  The 
first  essential  is  the  provision  of  some  large  room  in  a  reasonably  fireproof 
building  in  a  central  position  in  Wellington,  where  the  nucleus  that  already 
exists  of  such  a  library  could  be  stored  and  consulted.  There  is  already 
a  fair  sprinkling  of  technical  works  in  the  libraries  of  the  New  Zealand 
Institute  and  of  the  Wellington  Philosophical  Society  that  would  no 
doubt  be  available,  and  the  various  Government  Departments  already 
maintain"3  libraries  and  already  subscribe,  with  considerable  overlapping 
and  duplication,  to  many  scientific  and  technical  magazines  that  could 
conveniently  be  stored  in  a  central  position.  The  money  saved  by 
cutting  out  the  duplication  would  considerably  augment  the  supply. 
Further,  the  facilities  offered  by  such  publications  as  those  issued  by 
the  Patents,  Geological  Survey,  Agriculture,  Public  Works,  Museum, 
and  other  Departments  for  procuring  exchanges  are  almost  unlimited 
(though  by  no  means  fully  availed  of  at  present),  and  there  is  no  doubt 
that  a  splendid  collection  of  technical  literature  is  almost  immediately 
available. 

The  Board  of  Science  and  Art  will  eventually  assume  control  of  the 
project,  or  will,  at  least,  work  in  harmony  with  it,  when  the  proposed  new 
buildings  for  Museum  and  Library  are  designed  and  their  library  scheme 
is  formulated.  The  boundary  between  pure  and  applied  science  is  a 
region  rather  than  a  line,  and  the  place  of  many  publications  will  be  purely 
a  matter  of  the  personal  ideas  of  the  classifier,  but  as  long  as  adequate 
indexes  of  the  two  collections  are  available  at  both  the  scientific  and 
technical  libraries  (if  they  remain  divided)  no  great  inconvenience  will  be 
caused.  The  two  projects — if,  indeed,  they  are  two — are  so  mutually  related 
and  interdependent  that  they  can  in  no  sense  be  deemed  antagonistic,  nor 
can  their  demands  even  seriously  clash  ;  so  it  is  quite  unnecessary  to 
define  the  line  of  demarcation  between  them,  and  it  would  be  foolish  to 
allow  delay  of  the  greater  work  to  prevent  the  inception  and  progress  of 
the  smaller. 

One  strong  reason  why  no  delay  should  occur  is  the  fact  that  chances 
of  benefiting  by  donations  are  being  lost  every  day  so  long  as  no  fireproof 
building  is  ready  to  receive  them.  Mr.  Evan  Parry  was  eager  to  leave 
a  portion  of  his  well-chosen  library  in  secure  quarters  in  Wellington 
where  ample  use  could  be  made  of  it,  and  several  engineers  and  architects 
have  made  the  same  offer,  but  nothing  can  be  done  in  the  meantime  to 
take  advantage  of  such  proposals.  It  is  practically  certain,  however, 
that  a  large  number  of  valuable  books  can  be  secured  as  gifts  as- soon  as 
accommodation  is  in  sight. 

The  benefit  of  such  a  library  would  not  be  confined  to  Wellington,  for 
books  could  be  lent  throughout  the  Dominion.  An  important  point  would 
be  the  preparing  of  catalogues,  on  a  similar  scheme  of  indexing,  of  all 
technical  publications  available  in  public  and  semi-public  libraries,  and 
each  of  these  libraries  would  have  copies  of  all  the  catalogues.  Many 
private  owners  would  doubtless  co-operate  to  a  certain  extent  in  this 
direction,  so  that  genuine  workers  could  obtain  some  access,  even  if 
restricted,  to  works  in  their  collections.  Thus  only  can  the  full  present 
resources  of  New  Zealand  libraries  be  utilized  to  the  best  advantage,  and 
all  the  phases  of  the  scheme  must  be  developed  if  technical  and  industrial 
progress  is  to  have  its  fullest  scope  in  the  future. 
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THE  OCCURRENCE  OF  HAEMOGREGARINA  IN  NEW 

ZEALAND  LIZARDS. 

By  A.  B.  Bore. 

Hitherto  the  parasitic  haemogregarines  of  New  Zealand  have  received 
very  little  attention,  and  it  may  therefore  be  of  interest  to  record  the  pre¬ 
sence  of  a  blood-parasite  in  a  native  lizard,  Lygosoma  moco.  The  majority 
of  the  specimens  studied  were  collected  by  myself  from  the  Makara  district, 
near  Wellington,  and  of  these  40  per  cent,  were  found  to  be  affected.  The 
same  parasite  has  also  been  detected  in  specimens  of  the  same  host  collected 
by  Dr.  J.  Allan  Thomson  at  Stephen  Island  and  the  Trio  Islands.  The 
majority  of  the  lizards  examined  were  found  to  be  infested  with  small  red 
ticks,  especially  in  the  arm-pits,  if  such  an  expression  may  be  used  for 
a  quadruped.  Further  observa¬ 
tions  are  being  conducted  on  these 
ecto-parasites  in  regard  to  their 
relation  as  intermediate  hosts. 

The  following  descriptions  relate 
to  a  specimen  of  Lygosoma  moco 
captured  among  the  rocks  on  the 
beach  two  miles  south  of  the 
Makara  Stream  on  the  17th  Feb¬ 
ruary,  1918.  Blood  films  were  pre¬ 
pared  direct  from  the  heart,  fixed 
in  absolute  alcohol,  and  stained  by 
Giemsa’s  method. 

The  Parasites  in  Fresh  Blood. — 

When  examined  under  the  Jin. 
objective  the  parasites  are  slightly 
refractive,  and  appear  slightly 
longer  and  more  slender  than  in 
the  films  stained  with  Giemsa.  No 
nucleus  can  be  detected. 

The  Parasites  stained.  —  The  intracellular  parasites  appear  as  oval, 
slightly  curved  bodies  with  their  concave  surfaces  facing  the  nuclei  of  the 
erythrocytes.  The  bodies  of  the  parasites  are  enclosed  in  a  capsule  or 
membrane  which  seldom  retains  the  stain.  The  average  measurements  of 
the  parasites  are  12T  g  by  4T  g,  and  of  their  nuclei  4*8  g  by  4T  g. 

The  protoplasm  of  the  parasites  stains  a  light  blue,  sometimes  slightly 
darker  at  the  poles,  and  showing  vacuolation.  A  few  metachromatinic 
grains  are  occasionally  observed.  The  nuclei  of  the  parasites  stains  deeply 
and  very  unevenly,  in  shape  often  showing  well-defined  vacuolation.  The 
position  of  the  nucleus  is  usually  central.  The  nuclei  of  the  host  cells 
are  generally  pushed  to  one  side  parallel  to  the  long  axis  of  the  erythro¬ 
cyte.  A  few  of  the  parasites  are  situated  at  an  angle  to  the  long  axis  of 


Fig.  1. — Tick  from  Lygosoma  moco 
(enlarged). 
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the  erythrocyte,  and  in  these  the  erythrocytes  show  a  slight  distortion  in 
regard  to  their  contour.  A  few  young  developing  forms  were  observed, 
and  were  usually  situated  at  the  distal  end  of  the  erythrocytes,  the  nuclei 
of  which  were  not  displaced. 

The  protoplasm  of  these  young  forms  stains  a  uniform  pale  blue,  and 
no  metachromatinic  grains  are  present.  Their  nuclei  shows  no  vacuo- 
lation,  and  no  capsules  can  be  demonstrated.  Erythrocytes  containing 
these  young  forms  show  no  increase  in  size. 

Rarely  two  parasites  were  encountered  in  the  same  erythrocyte.  A  few 
free  forms  were  found  in  the  blood  of  one  lizard  ;  these  were  somewhat 
contracted  from  their  capsule,  and  their  nuclei  were  spherical,  and  central 
in  position,  and  showed  no  vacuolation.  The  average  measurements  of 
these  free  forms  were  12-8  g  by  4*8  /x,  and  of  their  nuclei  3-2  g  by  3-2  g. 


Fig.  2. — Haemogregarina  lygosomarum  in  erythrocytes  of  Lygosoma  moco.  The  figure 
contains  unaffected  and  affected  erythrocytes,  and  one  free  form. 


Measurements  of  host  erythrocytes  : — 

Corpuscles 

Nuclei 


Average  Average 

Length.  Breadth. 
16T  /x  9*8  /x 

6*8  /x  3*5  g 


Measurements  of  host  erythrocytes  containing  adult  parasites  : — - 


Average  Average 

Length.  Breadth. 

Corpuscles  ..  ..  ..  ..  17-6  /x  11-2  g 

Nuclei  ..  ..  ..  ..  7-0 /x  3-5 /x 

The  name  proposed  for  this  parasite  is  Haemogregarina  lygosomarum. 
A  type  slide  has  been  deposited  in  the  Dominion  Museum,  Wellington. 

Other  species  of  native  lizard  have  been  examined  for  haematozoa  with 
negative  results,  including  the  spotted  lizard  ( Naultinus  elegans),  the  green 
lizard  ( Naultinus  grayi),  the  tuatara  (Sphenodon  punctatus ),  and  the  long¬ 
toed  lizard  ( Dactylocremis  granulatus). 
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WEATHER  FORECASTING  IN  NEW  ZEALAND. 

(Continued  from  page  94.) 

By  B.  Y.  Pemberton,  F.B.Met.Soc.,  Assistant  Meteorologist,  Meteoro¬ 
logical  Office,  Wellington,  New  Zealand. 

Typical  Westerly  Area  of  Low  Pressure. 

Fig.  4  depicts  a  westerly  area  of  low  pressure,  and  is,  no  doubt,  the 
northern  extension  of  an  Antarctic  cyclone  wedged  between  the  rear  and 
front  of  two  adjacent  anticyclones. 

The  rate  of  movement  from  west  to  east  varies  considerably,  and 

averages  about  400  miles  per  day.  The  dimensions  and  forms  of  these  dis¬ 

turbances  also  vary,  from  the  commonest  type  with  a  decided  /\  shape  to 
those  having  practically  straight  isobars  extending  over  thousands  of  miles, 
and  which  consequently  take  many  days  to  traverse  the  Dominion.  The 
one  now  referred  to  may  be  taken  as  an  intermediate  between  the 
above  two.  Its  influences  were  effective  over  the  Dominion  between  the 
12th  and  19th  October,  1911. 

The  trough  is  that  portion  of  the  “  low  ”  along  an  imaginary  line  passing 
through  the  apices  of  the  /\,  and  is  therefore  the  dividing-line  between  the 
falling  and  rising  barometer.  In  this  case  the  trough  passed  over  New 
Zealand  on  the  18th,  and  the  winds,  which  had  blown  with  gale  force  from 
the  north  and  west  previous  to  this  date,  backed  to  southerlies,  still  with 
gale  force,  but  gradually  decreasing  with  the  advent  of  an  anticyclone. 

A  characteristic  effect  of  this  type  of  disturbance  is  seen  in  the  occur¬ 
rence  of  hot  north-west  winds  in  the  east-coast  districts  in  front  of  the 
trough.  The  cause  of  the  high  temperature  of  these  winds  is  as  follows  : 
As  the  moisture-laden  westerly  winds  strike  the  slopes  of  the  Southern  Alps 
and  are  forced  to  rise,  the  cooling  which  results  from  the  consequent  expan¬ 
sion  of  the  air  condenses  the  vapour,  and  heavy  rain  falls  on  the  westward 
slopes.  Latent  heat  is  thus  set  free.  The  air  descending  on  the  lee  slopes 
is  dynamically  heated  by  compression,  and,  with  the  addition  of  the  latent 
heat  previously  attained,  it  reaches  the  Canterbury  Plains  as  an  exceed¬ 
ingly  hot  and  dry  wind.  The  name  given  to  such  a  wind  in  Switzerland  is 
the  “  Fohn.”  Coming  in  the  winter-time  it  is  a  welcome  change  from  the 
keen  temperatures  then  generally  ruling,  but  in  the  summer  it  has  a  very 
enervating  effect. 

The  change  of  wind  from  north-west  to  southerly  is  sometimes  very 
sudden  on  the  east  coast,  according  to  the  sharpness  of  the  /\,  and  this 
sudden  change  has  earned  the  cognomen  “  southerly  burster.”  A  rapid  fall 
of  temperature  takes  place,  and  heavy  rain  falls,  sometimes  accompanying 
an  electrical  disturbance.  When  the  /\  is  less  pronounced  the  change  of 
wind  is  not  so  rapid,  the  direction  remaining  westerly  while  the  trough  is 
passing  over  the  country  and  working  gradually  round  to  south-west. 

Complex  Westerly  Areas  of  Low  Pressure. 

It  sometimes  happens  that  these  westerly  areas  of  low  pressure  have 
two,  or  even  three,  distinct  depressions  or  /\s,  and  the  chart  for  the  5th 
November,  1915  (fig.  5),  is  an  example  of  such.  The  first  depression  passed 
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Fjq.  4, — Weather  chart,  17th  October,  1911.  Intense  and  extensive  Fig.  5, — Weather  chart,  5th  November,  1915.  Westerly  low-pressure 

westerly  area  of  low  pressure,  area  with  double  centre. 
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over  the  Dominion  on  the  4th,  and  is  shown  on  the  chart  some  distance  to 
the  eastward  of  New  Zealand,  while  the  second  depression  is  situated  to 
the  westward,  over  the  Tasman  Sea.  These  two  “  lows  ”  are  separated  by 
a  tongue  or  ridge  or  relatively  high  pressure,  which,  at  the  time  the  chart 
was  drawn,  was  just  passing  over  the  Dominion. 

A  temporary  improvement  in  weather  conditions  was  experienced  at  this 
time  owing  to  the  neutralizing  effect  of  the  two  disturbances.  Such  an 
effect  is  usually  so  brief  that  a  forecast  for  a  fair  interval  could  not  be 
made  in  safety  when  the  distribution  of  pressure  shows  two  such  intense 
storms  in  close  proximity.  The  actual  fair-weather  period  might  last  only 
a  fraction  of  a  day. 

The  succession  of  winds  and  weather  experienced  during  the  passage  of 
this  system  may  be  briefly  stated.  On  the  3rd  November  New  Zealand 


Pig.  6. — Isobaric  chart,  5th  June,  1913.  Typical  anticyclones  and  /\ -shaped  depressions. 


was  in  front  of  the  first  “  low,”  and  north-east  to  northerly  winds  began  to 
freshen,  with  clouds  gathering  over  the  country.  A  few  scattered  showers 
were  reported  in  the  west-coast  and  southernmost  portions  of  the  South 
Island,  but  otherwise  fair  weather  prevailed.  By  the  evening  of  the  3rd, 
however,  a  considerable  decrease  in  pressure  had  taken  place,  and  heavy 
rain  fell,  with  strong  north-westerly  winds. 

At  9  a.m.  on  the  4th  the  trough  of  the  first  depression  had  passed  to 
the  eastward  in  the  South  Island,  and  strong  southerly  winds  were  in 
evidence  southwards  of  Cook  Strait ;  while  over  the  North  Island  the 
trough  was  then  just  passing,  and  westerly  gales  were  widespread.  Heavy 
rain  was  then  falling  in  all  but  the  east-coast  districts  between  Banks 
Peninsula  and  East  Cape.  In  Westland  the  rivers  were  reported  con¬ 
siderable  in  fresh. 

%/ 

On  the  morning  of  the  5th,  as  before  mentioned,  both  wind  and  weather 
had  moderated,  but  during  the  night  a  further  fall  in  the  barometer  took 
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Fig.  7. — Weather  chart,  11th  June,  1914.  Cyclone,  showing  centre  Fig.  8. — Weather  chart,  13th  August,  1913.  Cyclone  with  two 

in  south.  centres. 


1919.]  Pemberton. — Weather  Forecasting  in  New  Zealand.  169 

place,  and  the  weather  again  assumed  a  very  boisterous  character,  heavy 
rain  falling,  accompanying  thunderstorms  in  various  localities. 

About  Cook  Strait  particularly  electrical  disturbances  were  severe,  and 
these  were  apparently  the  result  of  a  secondary  centre  passing  through  the 
strait  in  the  early  hours  of  the  morning  of  the  6th.  On  the  weather  map  of 
the  6th  the  second  depression  was  shown  just  eastward  of  the  Dominion, 
and  the  winds  were  southerly,  blowing  with  gale  force  over  most  of  New 
Zealand,  with  cold  and  showery  conditions. 

Relation  of  Westerly  Area  of  Low  Pressure  to  Adjacent  Anticyclones. 

Fig.  6  is  an  isobaric  chart  showing  the  distribution  of  pressure  over  a 
much  wider  field,  and  includes  the  isobars  as  charted  by  the  Commonwealth 
Weather  Bureau  and  those  of  our  own  on  the  5th  June,  1913.  It  depicts 
the  two  typical  forms  of  isobars  discussed  previously,  and  shows  the 
position  of  the  /\  or  westerly  low-pressure  area  in  its  relation  to  two 
adjacent  anticyclones.  New  Zealand  is  crossed  by  an  almost  constant 
procession  of  such  anticyclones  and  westerly  “lows,”  with  other  systems 
of  less  frequency  which  will  be  mentioned  presently. 

Between  the  two  “  highs  ”  to  the  northward  will  also  be  seen  a  wedge 
of  relatively  low  pressure.  This  is  the  southern  extension  of  a  subtropical 
low-pressure  system,  and  is  in  the  region  where  originate  many  of  the 
cyclones  which  affect  New  Zealand. 

Winter  Cyclones. 

During  the  winter  months  the  general  high-pressure  belt  is  in  more 
northern  latitudes,  and  there  is  a  tendency  for  the  centres  of  Antarctic 
cyclones  to  pass  more  frequently  in  the  neighbourhood  of  the  southern 
portion  of  New  Zealand.  Fig.  7  is  an  instance  of  this  type,  and  the  chart 
is  an  example  of  the  benefit  of  the  Macquarie  Island  wireless  reports,  with¬ 
out  which,  in  this  case,  it  would  have  been  impossible  to  say  definitely 
whether  or  not  a  centre  was  situated  in  the  position  where  it  is  shown  on 
the  map. 

The  barometer  at  Macquarie  Island  read  29-45  in.,  while  that  at  the 
Bluff  recorded  29-25  in.  The  wind  at  the  former  station  was  easterly,  while 
at  the  latter  it  was  north-westerly.  These  reports  gave  definite  evidence 
that  a  centre  lay  between  the  two  stations.  The  path  of  the  centre  was 
along  the  thick  line.  There  were  at  least  two  centres  in  this  system,  the 
first  being  shown  to  the  eastward.  The  second  moved  along  almost  the 
identical  track  taken  by  the  one  preceding,  which  succeeding  “  lows  ”  have 
a  habit  of  doing.  Except  when  the  centre  actually  passes  over  the  South 
Island,  the  accompanying  wind  and  weather  in  this  class  of  storm  are 
similar  to  that  of  a  westerly  low  pressure,  provided  that  the  barometric 
gradient  is  about  equal  in  both  cases. 

The  above  disturbance  might  be  referred  to  as  a  westerly  cyclone ,  because 
the  path  is  in  a  direction  nearly  due  west  to  east,  and  the  winds  are  mostly 
from  some  westerly  direction  over  the  major  portion  of  New  Zealand,  the 
changes  being  from  north-west  to  south-west. 

Cyclone  with  Double  Centre. 

On  the  9th  August,  1913,  the  barometer  ranged  from  about  29-70  in. 
to  29-90  in.  over  the  whole  Dominion,  and  the  winds  were  only  moderate 
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Fig.  9. — Cyclone-paths.  A,  primary  ;  B,  secondary  with  unusual  Fig.  10. — Weather  chart,  29th  October,  1915.  Secondary  “  low 

path.  and  its  apparent  path. 
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in  force  and  variable,  but  with  a  westerly  tendency  in  the  north  and 
an  easterly  in  the  southern  districts.  Some  heavy  seas  were,  however, 
reported  along  the  eastern  coast.  Fogs  and  mists  were  much  in  evidence, 
and  scattered  places  reported  drizzling  rain.  These  conditions  are  cha¬ 
racteristic  of  the  approach  of  a  cyclonic  system  centred  due  west  of  New 
Zealand.  From  the  weather  reports  of  the  10th  and  11th  this  supposition 
was  readily  confirmable.  On  the  latter  date  the  centre  was  presumed  to 
be  about  800  miles  due  west  of  Farewell  Spit,  and  on  the  following  day 
some  250  miles  west  of  the  west  coast  of  the  South  Island.  On  both  the 
11th  and  12th  northerly  winds  were  experienced  northward  of  Cook  Strait, 
and  strong  easterly  winds  mled  in  the  southern  districts.  Rainfall  was 
general,  and  foggy  conditions  were  also  prevalent. 

In  the  chart  of  the  13th  August  (fig.  8)  the  cyclone  has  wholly  overspread 
the  Dominion,  but  since  the  preceding  day  two  centres  have  appeared,  one 
off  the  east  coast  and  the  other  off  the  west  coast  of  the  South  Island. 
A  range  of  mountains,  such  as  the  Southern  Alps,  at  right  angles  to  the  track 
of  a  “  low  ”  or  “  high  ”  system  will  sometimes  delay  its  advance,  and  it  is 
invariably  noticeable  that  atmospheric  pressure  will  remain  relatively  low 
or  high,  as  the  case  may  be,  on  the  west  coast  when  the  greater  part  of  the 
system  has  passed  some  time  previously  to  the  eastward  of  the  mountain- 
range.  It  is  possible  that  this  is  a  factor  in  the  development  of  many  of 
our  “  secondary  lows,”  and  the  second  centre  of  this  cyclone  may  have 
been  thus  developed. 

The  effects  of  the  division  of  the  central  region  of  the  cyclone  are  shown 
in  the  decreased  force  of  the  wind  south  of  a  line  joining  the  two  centres 
and  in  the  variability  of  the  wind-direction.  The  latter,  however,  is  quite 
in  accord  with  the  isobars.  For  instance,  on  the  east  coast  of  the  South 
Island  the  direction  is  southerly  in  the  rear  of  the  first  centre,  while  on 
the  west  coast  of  the  same  Island,  from  Farewell  Spit  to  Westport,  it  is 
northerly  in  front  of  the  second  centre.  Greymouth  and  Hokitika  have 
a  south-east  direction,  these  stations  being  on  the  southern  front  of  the 
second  centre. 

At  the  time  the  chart  refers  to  (9  a.m.)  rain  was  falling  in  all  that  portion 
of  the  Dominion  shaded  in  fig.  8,  and  in  various  districts  throughout  the 
country  the  heavy  rains  caused  floods  in  the  rivers. 

By  the  morning  of  the  14th  August  the  first  centre  had  moved  farther 
eastward,  while  the  second  centre  still  remained  on  the  west  coast,  but 
with  a  tendency  to  move  northwards.  Eventually  the  latter  took  a 
most  unusual  path,  passing  due  north  until  the  15th,  and  then  recurving 
about  the  northern  extremity  of  the  North  Island.  Fig.  9  shows  the 
approximate  paths  of  both  the  centres  during  the  period  they  were  under 
observation. 

It  was  not  until  the  16th  that  New  Zealand  was  in  the  rear  of  the  whole 
cyclonic  system,  and  on  that  day  high  southerly  winds  were  experienced. 
On  the  two  following  days  cold  and  changeable  conditions  prevailed,  with 
passing  showers  along  the  east  coast.  The  actual  effects  of  this  disturb¬ 
ance,  therefore,  lasted  from  the  9th  to  the  18th  August,  with  more  or  less 
stormy  conditions  during  the  whole  of  this  period. 

Secondary  “  Lows” 

In  connection  with  cyclones  and  westerly  areas  of  low  pressure  there 
often  develops  a  smaller  or  “  secondary  ”  disturbance,  sometimes  merely 
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Fig.  11. — Weather  chart,  16th  December,  1913.  Cyclone  centred  Fig.  12. — Weather  chart,  17th  December,  1913.  Cyclone  centred 

west  of  Farewell  Spit.  east-south-east  of  New  Zealand. 
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a  loop  or  sinuosity  in  one  of  the  isobars,  or  maybe  a  further  centre. 
With  “  secondaries  55  there  is  nearly  always  a  gentler  baric  gradient, 
and  consequently  the  wind-force  is  slighter,  but  they  have  often  been 
known  to  produce  more  rainfall  than  the  “  primary.”  They  are  also 
apt  to  cause  thunderstorms,  and  the  one  shown  in  fig.  10  was  account¬ 
able  for  some  severe  thunderstorms  in  the  northern  portions  of  New 
Zealand. 

Judging  from  the  apparent  direction  of  its  path,  as  shown  in  the  chart, 
this  one  may  possibly  have  been  an  offshoot  of  a  tropical  “  low  ”  of  which 
there  was  evidence  on  the  preceding  day. 

Of  all  the  atmospheric  disturbances  the  “secondary”  is  undoubtedly 
the  most  difficult  one  for  the  forecaster  to  deal  with.  Its  development  may 
take  place  practically  within  local  limits,  in  which  case  its  effects  would  be 
felt  before  the  forecaster  became  acquainted  of  its  presence.  There  have 
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Fig.  13. — Barographic  curve  during  passage  of  cyclone, 

Wellington,  16th-17th  December,  1913. 

been  cases  where  heavy  local  rains  have  occurred  which  have  ^utterly 
falsified  the  forecast  issued,  at  least  for  particular  districts.  When  this 
happens  people,  especially  those  lacking  a  knowledge  of  weather  science, 
are  often  apt  to  blame  the  forecaster,  when  neither  the  forecaster  nor  the 
system  is  really  at  fault. 

Cyclone  originating  in  Tasman  Sea. 

Cyclones  sometimes  develop  on  the  Tasman  Sea  between  New  Zealand 
and  Australia,  and  figs.  11  and  12  show  one  of  this  nature,  the  centre  of 
which  passed  through  Cook  Strait  between  6  and  8  o’clock  on  the  night 
of  the  16th  December,  1913.  The  winds  and  the  weather  proved  more 
intense  on  the  northern  side  of  the  centre.  The  shaded  portion  of  fig.  11 
shows  where  rain  was  falling  at  9  a.m.  on  the  16th.  It  is  noticeable  how  cer¬ 
tain  portions  of  New  Zealand  had  no  rain  falling,  particularly  the  east  coast 
of  the  North  Island,  although  near  the  storm-centre.  This  may  be  taken 
as  a  further  illustration  of  how  a  forecast  of  rain  may  fail,  and  how  impossible 
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Fig.  14 — Weather  chart,  21st  July,  1911.  Extra-tropical  cyclone  Fig.  15. — Weather  chart,  18th  May,  1914.  Cyclone  to  north-east 

centred  north-north-east  of  Cape  Maria  van  Diemen.  and  anticyclone  in  south. 
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it  is  to  state  definitely  those  places  which,  perhaps  through  local  peculiarities, 
are  likely  to  miss  many  of  the  effects  of  the  storm. 

The  lowest  reading  of  the  barometer  at  Wellington  on  the  night  of  the 
16th  was  29-00  in.,  and  this  took  place  at  6.30  p.m.  according  to  the  baro- 
gram  fig.  13. 

Usually,  with  approaching  cyclones,  in  front  of  the  centre  there  is  a 
striking  increase  in  temperature,  but  in  this  case  this  effect  was  somewhat 
counteracted  by  the  passage  of  the  rear  of  a  “  low  ”  the  previous  day,  the 
centre  of  which  is  shown  in  the  south-east  corner  of  fig.  11. 

Tropical  or  North-west  Cyclones. 

Taking  now  the  case  of  cyclones  reaching  these  Islands  from  the  tropics, 
fig.  14  is  an  instance  of  one  which  has  come  from  the  north-west.  To 
distinguish  it  from  other  extra-tropical  cyclones  having  different  routes 
it  might  be  advisable  to  refer  to  it  as  a  north-west  cyclone. 

The  first  indications  of  its  presence  were  freshening  easterly  winds  in  the 
far  north,  with  a  falling  barometer,  on  the  19th  July,  1911.  On  the  20th  its 
centre  was  definitely  located  due  north  of  Cape  Maria  van  Diemen,  and  on 
the  21st,  as  shown  in  the  chart,  it  had  only  moved  a  distance  of  about 
150  miles  in  the  twenty-four  hours.  This  storm  was  under  observation 
until  the  25th  ;  and  between  the  19th  and  25th  stormy  weather  and  heavy 
rainfalls  were  the  rule,  particularly  in  the  east-coast  districts. 

North-east  Cyclones. 

Figs.  15  to  19  give  an  example  of  an  extra -tropical  cyclone  which  may 
be  described  as  a  north-east  cyclone.  Storms  of  this  type  originate  to  the 
north-east  of  New  Zealand,  and  advance  from  the  direction  of  the  Kermadec 
Islands  towards  the  Bay  of  Plenty,  then  recurve  off  East  Cape,  and  finally 
pass  to  the  south-east. 

As  shown  in  fig.  15,  an  anticyclone  is  invariably  located  over  the  South 
Island  with  the  approach  of  a  north-east  cyclone,  and  this  causes  a  steepen¬ 
ing  of  the  baric  gradient,  and  consequently  intensifies  the  effects  of  the 
disturbance.  These  cyclones  are  the  most  dreaded  ones  as  far  as  the  east- 
coast  districts  of  the  North  Island  are  concerned,  for  during  their  passage 
they  are  responsible  for  heavy  rains,  high  tides,  and  heavy  seas — three 
conditions  which,  acting  together,  cause  the  rivers  to  flood  in  the  Hawke’s 
Bay  and  Gisborne  districts.  This  type  of  storm  often  remains  stationary 
for  several  days,  and,  on  account  of  the  persistent  south-east  gales  in  and 
northward  of  Cook  Strait,  shipping  has  a  very  trying  time  along  all  the 
eastern  coast.  The  saying  “  It  is  an  ill  wind  thar  blows  nobody  any- good  ” 
applies  to  this  case,  for  while  the  east  coast  of  the  North  Island  suffers 
severely  from  such  a  visitation,  Westland,  and  often  Otago,  experience 
pleasant  conditions. 

On  the  20th,  although  the  storm-centre  was  still  located  off  East  Cape, 
another  low-pressure  area  was  centred  to  the  south-west  of  New  Zealand. 
The  proximity  of  these  two  depressions  to  each  other  caused  a  neutralizing 
effect,  and  fig.  17  shows  a  decrease  in  the  wind-force.  Very  heavy  seas 
were,  however,  still  breaking  on  the  coast  between  East  Cape  and  Kai- 
koura.  The  improvement  in  weather  conditions  was  a  very  brief  one, 
as  will  be  seen  from  the  chart  of  the  following  day  (fig.  18).  Here  the 
cyclone  and  the  westerly  “  low  ”  have  combined,  and  southerly  gales  are 
widespread,  accompanied  by  heavy  rain  in  both  the  North  and  South  Islands. 
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Fig.  16.  Weather  chart,  19th  May,  1914.  Cyclone  approaching  Fig.  17. — Weather  chart,  20th  May,  1914.  Cyclone  centred  olf  East 

East  Cape  ;  anti-cyclone  departing  in  south-east ;  westerly  Cape  ;  westerly  “  low  ”  in  south, 

“  low  ”  approaching.  / 
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Fig.  19  is  the  weather  map  for  the  22nd  May,  1914.  By  this  date  all 
the  “  lows  ”  had  passed  to  the  eastward,  and  an  anticyclone  was  approach¬ 
ing,  bringing  an  improvement  in  weather  conditions. 

Fig.  20  is  a  chart  combining  the  isobars  of  Australia  and  New  Zealand 
for  the  18th  May,  1914,  and  includes  all  the  atmospheric  systems  shown 
separately  in  figs.  15  to  19.  The  centre  of  each  system  is  marked  with 
a  letter — viz.,  A  to  D — and  the  same  systems  are  similarly  marked  in  figs.  15 
to  19.  By  comparing  each  of  the  systems  in  fig.  20  with  the  corresponding 
ones  in  the  other  charts  we  are  able  to  follow  their  respective  movements. 
The  whole  system  moves  forward  in  the  same  way  as  it  would  were  we  to 
take  a  chart  of  the  isobars  only  and  move  it  from  west  to  east  over  a  fixed 
map  of  the  country. 

There  are  therefore  two  movements  to  account  for-  first,  the  circulation 
of  the  air  in  the  system  itself,  and,  secondly,  the  translation  of  the  whole 
system  from  west  to  east.  If  we  can  anticipate  the  latter  correctly,  then 
the  direction  of  the  wind  becomes  a  comparatively  easy  matter  to  decide. 
Just  in  the  same  way  as  eddies  in  a  stream  are  carried  along  by  the  motion 
of  the  stream,  so  the  cyclone  and  the  anticyclone,  which  are  huge  atmo¬ 
spheric  eddies,  are  carried  bodily  forward  by  the  prevailing  motion  of  the 
air,  which  in  these  latitudes  is  from  west  to  east. 

Cyclone-tracks . 

Most  of  the  cyclonic  systems  which  originate  in  the  tropics  and  eventually 
come  within  effective  distance  of  these  Islands  take  certain  fairly  definite 
routes.  Fig.  21  shows  the  approximate  paths  of  several  typical  cyclones, 
and  these  are  the  directions  usually  taken.  The  centre  rarely  passes  directly 
over  the  land,  especially  where  mountain-ranges  intervene,  and  tends  to 
follow  the  coast-line.  They  thus  frequently  pass  through  Cook  Strait, 
and  have  often  moved  down  the  west  coast  of  both  Islands,  striking  east¬ 
ward  only  when  they  have  reached  the  southern  extremity  of  New  Zealand. 

Concluding  Remarks. 

From  what  has  been  written  it  will  be  seen  how  indispensable  the  weather 
chart  is  in  forecasting,  and  how  such  a  chart  cannot  be  quickly  and 
accurately  compiled  except  at  a  central  bureau  in  direct  telegraphic  com¬ 
munication  with  a  chain  of  observers.  Yet  in  nearly  all  countries  individuals 
may  be  found  who,  either  for  private  gain,  popularity,  or  maybe  as  a  hobby, 
issue  forecasts,  and  unfortunately  they  are  sometimes  encouraged  to  do 
so  by  newspapers.  They  are  certainly  to  be  admired  for  their  boldness  in 
undertaking  a  work  which  a  responsible  meteorologist  would  hardly  dare  do 
unless  he  had  at  hand  all  the  data  available  only  at  an  organized  weather 
bureau. 

A  general  knowledge  of  the  types  and  movements  of  storms  should, 
however,  be  helpful  to  those  anxious  to  form  judgments  of  coming  weather- 
changes,  and  with  this  object  in  view  farmers  and  shipping  men  particularly 
should  be  encouraged  to  study  more  frequently  the  official  weather  reports 
and  forecasts  issued  daily. 

From  the  weather  map  it  is  possible  to  make  predictions  for  from  thirty- 
six  to  forty-eight  hours,  and  occasionally  a  general  idea  may  be  obtained 
of  the  weather  to  be  expected  over  a  period  of  five  or  six  days.  It  is, 
generally  speaking,  impossible  to  make  a  forecast  for  a  longer  period,  and 
investigations  have  shown  that  under  the  present  development  of  meteoro¬ 
logical  science  long-range  forecasting  is  impracticable. 
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Fig.  20. — Isobaric  chart,  18th  May,  1914,  showing  distribution  of  pressure  over  an 

extensive  area. 


Fig.  21. — Cyclone-tracks. 
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General  Results — Negative  as  regards  High-grade  Phosphates. 

Considering  our  work  from  the  purely  commercial  standpoint  the  general 
result  may  be  set  down  as  nil,  in  so  far  as  no  deposit  sufficiently  rich  and 
sufficiently  extensive  to  be  payable  has  been  located.  This  statement, 
however,  is  subject  to  the  limitations  appertaining  to  negative  reports  : 
it  does  not  negative  the  possibility  of  a  discovery.  We  have,  however, 
considerably  reduced  the  field  of  search,  and  we  have  some  confidence 
in  stating  that  good  fortune  will  be  as  important  a  factor  as  scientific 
method  in  any  discovery  that  may  be  made.  From  the  purely  scientific 
point  of  view  our  work  has  been  by  no  means  barren  of  results,  as  we  have 
accumulated  a  considerable  amount  of  information  regarding  the  physical 
and  chemical  nature  and  the  mode  of  deposition  of  the  limestones  and 
associated  sedimentary  rocks  of  this  province.*!*  Some  of  this  information 
is  also  of  practical  value,  since  it  throws  light  on  the  possibility  of  the 
direct  utilization  in  agriculture  of  several  kinds  of  material  that  occur 
abundantly  in  places  easy  of  access — a  matter  that  is  discussed  more  fully 
in  another  section  of  this  report. 

Geological  Description  of  the  Limestones. 

As  phosphate  deposits  are  in  the  great  majority  of  cases  associated 
with  calcareous  rocks,  the  consideration  of  the  possible  sources  of  supply 
of  phosphate  is  intimately  associated  with  the  conditions  of  deposit  and 
other  geological  features  of  our  limestones  ;  therefore  a  preliminary  account 
of  these  should  be  given  in  order  that  the  problem  may  be  approached  in 
a  proper  manner. 

Although  rocks  of  a  pre-Tertiary  age  are  well  developed  in  the  mountain 
region  of  the  Canterbury  Province,  limestones  are  very  poorly  represented, 


*  A  report  to  the  New  Zealand  Institute  on  a  research  carried  out  with  the  aid  of  a 
Government  Research  Grant  (slightly  abridged).  Published  by  permission  of  the  New 
Zealand  Institute. 

f  A  paper  on  the  relationship  of  the  Amuri  limestone  to  the  Weka  Pass  stone 
(Trans.  N.Z.  Inst.,  vol.  50,  pp.  65-93,  1918)  is  the  direct  outcome  of  our  work  in  this 
connection. 
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almost  the  only  places  where  they  occur  being  the  Ivakahu  Gorge,  where 
they  are  associated  with  phyllites,  and  on  the  Malvern  Hills,  where  they 
occur  in  connection  with  basic  ash-beds  and  lava-flows.  In  neither  of 
these  cases  is  the  deposit  of  sufficient  extent  to  warrant  serious  consideration 
as  a  source  of  phosphate. 

In  two  areas,  one  at  the  north  and  another  at  the  southern  end  of  the 
provincial  district,  limestones  of  Tertiary  age  exist  over  wide  tracts  of 
country,  and,  as  both  these  areas  are  served  by  main  and  branch  lines  of 
railway,  most  consideration  must  naturally  be  given  to  them.  Between 
these  localities,  at  the  base  of  the  eastern  foothills  of  the  Southern  Alps — 
e.g.,  at  Oxford  and  Mount  Somers — and  also  in  the  interior  mountain 
basins — e.g.,  at  Castle  Hill,  in  the  basin  of  the  Esk  River,  at  Redcliff  Gully 
in  the  Rakaia  Valley,  and  in  the  Rangitata  Valley — isolated  deposits  occur, 
some  being  too  remote  from  settlement  and  good  communication  to  be 
seriously  considered  as  sources  of  limestone  or  phosphate,  unless  the  latter 
be  in  exceedingly  rich  deposits — a  condition  which,  unfortunately,  does  not 
occur.  It  will  be  best  to  take  the  two  chief  districts  first  and  consider 
the  circumstances  of  the  smaller  areas  later. 

North  Canterbury . 

The  area  over  which  limestones  occur  in  North  Canterbury  extends 
from  the  neighbourhood  of  Mount  Grey  to  north  of  Kaikoura,  where  it 
junctions  with  the  limestones  of  the  Clarence  Valley,  which  are,  however, 
beyond  the  scope  of  this  report.  The  deposit  is  not  continuous  over  the 
area,  since  its  continuity  is  broken  by  ridges  and  islands  of  older,  non- 
calcareous  greywackes  and  slaty  shales,  which  project  through  the  covering  ; 
but  there  is  reason  to  believe  that  the  different  apparently  isolated  areas 
were  once  much  more  closely  connected,  and  that  a  fairly  complete  veneer 
of  Tertiary  limestones  once  covered  the  country.  Further,  later  deposits 
of  Tertiary  age  have  covered  up  the  limestones,  so  that  the  exposures 
are  now  usually  in  the  form  of  long  strips  and  are  rarely  to  be  seen  over 
broad  surface  areas.  The  beds  have  been  folded  to  a  moderate  extent, 
or  have  been  tilted  as  the  result  of  fault  movements  so  that  they  frequently 
present  bold  escarpments  where  their  geological  relations  can  be  most 
readily  studied. 

The  chief  areas  where  the  deposits  occur  are  as  follows  : — 

(1.)  From  Mount  Grey  to  the  Middle  Waipara,  and  on  through  Weka 
Pass  to  Waikari  and  Scar  gill.  This  area  was  once  continuous 
over  a  wide  extent  of  country.  It  has,  however,  suffered  seriously 
from  erosion,  and  remnants  of  the  covering  sheet  are  now  found 
as  semi-detatched  masses  at  Heathstock,  Mount  Mason,  and 
in  the  Culverden  basin,  notably  in  the  last-mentioned  area  in 
the  valleys  of  the  Pahau  and  Mason  Rivers.  Detached  outliers 
also  occur  in  the  valley  of  the  Mandamus  and  near  Hanmer 
Plains. 

(2.)  From  the  Lower  Waipara  Gorge,  along  the  flanks  and  crest  of  the 
Limestone  (or  Cass)  Range,  parallel  with  the  coast  to  Motunau 
River. 

(3.)  From  Stonyhurst  across  the  mouth  of  the  Blyth  and  Hurunui 
Rivers  to  Port  Robinson  and  the  immediate  vicinity  of  the 
Cheviot  township. 
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(4.)  From  the  Conway  River  to  the  Oaro,  the  beds  being  specially  well 
developed  in  proximity  to  Amuri  Bluff.  A  detached  area  also 
occurs  in  the  Upper  Conway  valley. 

(5.)  At  Kaikoura  Peninsula. 

(6.)  In  the  Hapuku  district,  specially  in  the  basin  of  the  Puhipuhi 
River. 

The  characteristic  limestone  of  this  region  is  known  as  the  Amuri 
limestone,  from  its  special  development  at  Amuri  Bluff.  It  is  very  white, 
slightly  argillaceous,  thoroughly  jointed,  and  from  the  special  number  of 
the  Foraminifera  it  contains  must  be  regarded  as  a  deep-sea  deposit. 
In  places  it  is  glauconitic,  the  glauconite  being  either  distributed  through 
the  rock  in  the  form  of  sporadic  grains  or  forming  distinct  layers  of 
glauconitic  limestone.  It  also  contains  irregular  lenses,  layers,  or  masses 
of  flint,  usually  a  small  proportion  of  the  rock,  but  north  of  Kaikoura 
forming  in  places  its  chief  constituent.  The  proportion  of  CaC03  present 
usually  varies  between  80  and  90  per  cent.  ;  its  average  content 
of  phosphate  is  low — certainly  below  1  per  cent. — but  near  its  upper 
surface  it  rises  till  the  amount  approaches  5  per  cent.  A  deposit  of 
chalky  limestone,  probably  contemporaneous  with  the  Amuri  limestone, 
and  resembling  it  in  some  respects,  occurs  near  Oxford,  at  the  base  of  the 
foothills. 

Above  the  Amuri  limestone  lies  the  Weka  Pass  stone,  a  limestone  of 
different  texture,  with  a  more  decidedly  glauconitic  character,  and  con¬ 
taining  also  more  siliceous  material  and  as  a  consequence  a  lower- 
percentage  of  CaC03.  At  times  this  bed  becomes  a  true  calcareous  green¬ 
sand.  In  our  opinion  it  represents  a  slightly  different  facies  of  the  Amuri 
limestone,  a  difference  attributable  to  slight  changes  in  the  condition  of 
deposit ;  but  by  other  authorities  it  is  regarded  as  an  entirely  different 
stratum,  separated  from  the  underlying  limestone  by  a  complete  geological 
break,  during  which  the  upper  surface  of  the  Amuri  limestone  was  raised 
above  sea-level  and  deeply  eroded.  The  percentage  of  phosphate  in  the 

Weka  Pass  stone  does  not  differ  materiallv  from  that  of  the  Amuri 

<  «/ 

limestone,  with  the  exception  of  a  layer  immediately  at  its  base,  which 
from  its  peculiar  features  will  be  separately  mentioned  and  will  be  called 
hereinafter  the  “  nodular  layer/  ’  This  layer  and  the  limestone  immediately 
associated  with  it  is  the  most  promising  horizon  in  these  rocks  for  phos- 
phatic  material. 

The  line  of  junction  between  the  two  facies  of  Amuri  limestone  is 
marked  throughout  the  whole  region  of  North  Canterbury  by  the  occur¬ 
rence  of  a  well-defined  layer  of  glauconitic  limestone  in  which  are  nodular 
fragments  of  material  which  show  a  relatively  high  percentage  of  P205, 
at  times  as  much  as  23  per  cent.  This  layer  varies  in  thickness  and  in  the 
number  of  nodules  it  contains,  and  in  general  the  latter  are  scattered 
through  the  lower  3  ft.  or  so  of  the  overlying  limestone,  but  they  always 
increase  in  number  near  the  junction.  The  layer  is  best  defined  and  most 
concentrated  on  the  shore  platforms  to  the  east  of  Kaikoura  Peninsula,, 
to  the  south  of  Amuri  Bluff,  at  Port  Robinson,  and  in  the  bed  of  the 
Motunau  River.  At  Kaikoura  and  at  Amuri  Bluff  the  bed  has  a  maximum 
thickness  of  from  10  in.  to  12  in.,  and  the  nodules  form  up  to  50  per  cent, 
of  the  material  of  the  layer,  the  remaining  portion  being  glauconitic 
limestone.  The  nodules  are  composed  very  largely  of  this  material,  but 
they  always  show  the  presence  of  phosphate.  The  original  source  of  this 
has  not  been  definitely  determined,  but  in  numerous  cases  fragments  of 
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bone  occur  in  the  nodules  and  in  the  matrix  associated  with  them,  and 
indicate  a  possible  source  of  the  phosphatic  material.  As  a  general  rule, 
however,  it  may  be  regarded  as  derived  from  the  underlying  limestone 
by  a  process  of  differential  solution  of  the  carbonate  and  a  consequent 
concentration  of  the  more  insoluble  phosphate  in  the  upper  layer  of  the 
limestone  and  in  the  beds  immediately  overlying  it.  In  order  to  give  an 
accurate  conspectus  of  the  circumstances  of  the  case,  detailed  descriptions 
are  given  of  sections  at  Kaikoura,  Amuri  Bluff,  Port  Robinson,  and  Weka 
Pass.  It  will  be  recognized  immediately  that  the  layer  mentioned  is  of 
wide  distribution,  but  that  its  comparatively  narrow  width  and  difficulty 
of  access  militate  strongly  against  its  use  as  a  commercial  supplier  of 
phosphate  rock. 

Kaikoura . — The  phosphate  horizon  is  exposed  at  several  places  in  this 
locality,  but  the  best  sections  are  to  be  seen  on  the  shore  platform  near 
the  Maori  village  on  the  south  side  of  the  peninsula,  and  on  its  south-east 
corner  near  Atiu  Point.  The  following  description  fits  both  places  : — 

(1.)  Amuri  limestone,  at  the  base,  followed  by — 

(2.)  8  in.  to  10  in.  showing  borings  filled  with  greensand,  and  con¬ 
taining  detached  fragments  of  greensand  and  occasional  nodules. 

(3.)  Nodular  layer,  8  in.  to  10  in.  thick,  with  green  and  black  nodules 
in  a  matrix  of  greensand,  the  nodules  forming  about  50  per  cent, 
of  the  material. 

(4.)  Glauconitic  limestone  with  alternating  layers,  more  or  less  glauco¬ 
nitic,  the  limestone  sometimes  with  flints,  and  finally  passing 
up  into — 

(5.)  Amuri  limestone,  exhibiting  its  typical  characters  as  regards  texture, 
colour,  jointing,  and  presence  of  flints. 

This  layer  occurs  wherever  the  proper  horizon  is  exposed  round  the 
peninsula,  but  never  in  such  a  situation  that  it  could  be  stripped  away 
readily.  The  beds  associated  with  it  either  exhibit  a  steep  inclination 
or,  when  flat,  are  covered  by  a  great  thickness  of  overburden,  so  that  the 
exploitation  of  the  lajmr  would  necessitate  actual  mining  operations.  The 
layer  is  too  thin  to  be  worked  economically  at  present  prices  in  such  a 
way,  although  it  is  possible  that  if  the  shortage  became  acute  its  working 
might  be  considered,  especially  as  the  deposits  are  within  a  very  short 
distance  from  a  tolerable  port,  access  from  which  is  easy. 

Amuri  Bluff, — The  nodular  layer  is  exposed  in  places  on  the  cliffs 
between  the  mouths  of  the  Oaro  and  Mikonui  Creeks,  but  the  best 
exposure  of  all  is  on  the  raised  shore  platform  at  the  base  of  the  cliffs  on 
the  south  side  of  the  bluff.  The  following  section  occurs  here  : — 

(1.)  Amuri  limestone. 

(2.)  Layer,  4  ft.  thick,  completely  bored,  with  tubes  filled  with 
calcareous  greensand,  the  phenomenon  being  progressively  more 
marked  as  the  upper  surface  is  reached. 

(3.)  Layer,  2  ft.  thick,  where  greensand  increases  in  importance  and 
nodules  occur,  the  true  nodular  layer  in  which  they  are  concen¬ 
trated  being  from  10  in.  to  12  in.  thick ;  occasional  bones 
(?  whale-bones)  and  sharks’  teeth  occur  in  this  layer. 

(4.)  Greensand  layer,  about  3  ft.,  passing  up  into  limestone,  with 
sporadic  nodules. 

(5.)  Amuri  limestone,  differing  in  appearance  from  the  typical  rock 
and  resembling  more  the  Weka  Pass  stone. 
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This  section  is  exposed  along  the  shore  platform  at  the  base  of  a  wave- 
cut  cliff  whose  inclination  is  almost  the  same  as  that  of  the  bed — viz., 
30°  south-eastward  ;  the  strike  is  also  almost  parallel  with  the  shore-line  and 
the  surface  of  the  bed  continues  for  several  chains  clearly  exposed.  Were 
this  spot  readily  accessible  some  hundreds  of  tons  could  be  obtained  with 
little  difficulty  in  the  way  of  stripping  ;  the  extreme  inaccessibility  of  the 
locality,  however,  prevents  even  this  limited  amount  of  material  being 
secured. 

Port  Robinson  and  Gore  Ray. — Good  sections  are  to  be  seen  on  the  face 
of  the  cliffs  where  limestones  are  exposed  on  the  shore  between  the  mouth 
of  the  Jed  and  the  old  landing  at  Port  Robinson.  They  show  the  following 
sequence  : — 

(1.)  Typical  Amuri  limestone,  the  upper  part  bored  and  the  borings 
filled  with  calcareous  greensand. 

(2.)  Nodular  layer,  6  in.  to  8  in.  thick. 

(3.)  Greensand,  the  lower  part  containing  nodules  sporadically  dis¬ 
tributed  up  to  3  ft.  above  the  junction.  This  greensand  is  the 
stratigraphical  equivalent  of  the  Weka  Pass  stone,  and  is  most 
strikingly  developed  in  close  proximity  to  the  old  shore-line  of 
the  sea  in  which  the  limestones  were  deposited.  This  facies  of 
the  Weka  Pass  stone  occurs  near  Stonyhurst,  in  the  Motunau 
River,  on  the  flanks  of  Mount  Grey,  and  elsewhere  where  the 
conditions  indicated  obtained. 

Weka  Pass  and  Waipara. — -Although  the  nodular  layer  is  not  so  well 
developed  in  this  locality,  the  general  resemblance  in  features  to  those  of 
the  layer  farther  north  enables  its  identity  to  be  definitely  established. 
The  following  gives  a  general  account  of  the  relations  of  the  beds  in  this 
important  locality 

(1.)  Amuri  limestone.  This  is  as  developed  in  the  type  locality,  but 
it  contains  as  well  distinct  bands  and  layers  of  more  glauconitic 
material  closely  resembling  the  Weka  Pass  stone.  The  upper 
4  ft.  are  more  or  less  bored  with  tubes  which  are  now  filled  with 
calcareous  greensand,  the  amount  of  boring  increasing  pro¬ 
gressively  as  the  junction  is  approached,  till  it  has  resulted  in 
the  complete  isolation  of  portions  of  the  rock.  This  detached 
material  contains  a  much  higher  percentage  of  phosphate  than 
the  general  mass  of  the  parent  rock.  The  glauconitic  matrix 
increases  in  importance  pari  passu  with  the  decrease  in  the 
amount  of  Amuri  limestone. 

(2.)  Greensand  layer,  about  1  ft.  thick  when  properly  defined,  but 
frequently  passing  up  gradually  without  any  pronounced  break 
into  the  overlying  limestone.  This  layer  contains  occasional 
nodules,  but  they  are  small  and  of  no  special  importance  as 
regards  a  commercial  source  of  phosphate ;  but  they  serve  to 
identify  the  horizon  exactly. 

(3.)  Weka  Pass  stone.  This  is  usually  decidedly  glauconitic,  but  there 
are  places  where  it  differs  little  from  the  underlying  rock,  and 
the  passage  is  so  gradual  that  the  junction  cannot  be  definitely 
located. 

Other  deposits  of  limestone  at  higher  stratigraphical  levels  occur  in 
North  Canterbury,  such  as  at  White  Rock  in  the  basin  of  the  Okuku  River, 
in  Weka  Pass,  and  near  Culverden  ;  in  fact,  it  may  be  stated  as  a  general 
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rule  that  wherever  the  Amuri  limestone  and  Weka  Pass  stone  occur  they 
are  covered  to  some  extent  by  later  calcareous  beds.  Whereas  the  two 
limestones  just  mentioned  can  be  regarded  as  a  deposit  laid  down  in  the 
deep  sea,  these  higher  beds  are  shore  or  shallow-water  deposits,  contempo¬ 
raneous  in  part  with  the  deeper-water  beds,  but  also  in  part  subsequent 
to  them  and  laid  down  over  them  as  the  sea  was  shallowing  towards  the 
latter  end  of  the  Tertiary  era.  Owing  to  the  admixture  of  sand,  gravel, 
and  other  detrital  beach  material,  they  are  too  impure  to  be  regarded  as 
possible  suppliers  of  phosphatic  limestone. 

South  Canterbury. 

The  most  important  area  of  limestone  stretches  along  the  south  bank 
of  the  Waihao  River  for  about  two  miles  on  either  side  of  the  Waihao 
Forks  Railway-station.  It  forms  a  bold  escarpment  facing  north,  along 
the  base  of  which  flows  the  river.  Isolated  patches  occur  to  the  north 
of  the  river  near  McCullough’s  Bridge,  and  farther  north  still  on  the  south¬ 
western  slopes  of  the  Hunter’s  Hills.  The  following  is  a  detailed  description 
of  the  limestones  met  with  in  different  parts  of  the  area. 

Below  McCullough’s  Bridge,  on  the  steep  banks  of  the  river,  an 
arenaceous  glauconitic  limestone  is  exposed  passing  down  into  greensand  ; 
about  20  ft.  below  its  upper  surface  is  a  hard  concretionary  band,  10  in. 
to  12  in.  thick,  underneath  a  normal  dark  greensand.  The  upper  part  of 
this  is  bored  with  tubes,  and  shows  irregular-shaped  nodules  and  borings 
in  the  upper  layer,  closely  resembling  those  found  in  connection  with  the 
nodular  layer  of  the  Amuri  limestone  of  North  Canterbury.  The  occurrence 
is  at  a  lower  level  than  the  normal  limestone  of  the  locality,  but  it  is 
a  horizon  from  which  probably  phosphatic  nodules  have  been  formerly 
obtained  in  this  district,  and  therefore  mention  is  made  of  it. 

The  point  farthest  east  at  which  the  true  Waihao  limestone  was 
observed  is  the  end  of  a  spur  of  the  high  ground  south  of  the  river  which 
stretches  out  into  the  valley  about  three-quarters  of  a  mile  below 
McCullough’s  Bridge.  At  this  spot  a  quarry  was  opened  in  order 
to  obtain  stone  for  building  purposes,  and  it  furnishes  the  following 
section  : — 

(1.)  Whitish  calcareous  sandstone,  quarried  for  building,  and  passing 
up  into — 

(2.)  Glauconitic  sandstone,  with  nodules  scattered  through  it,  the  upper 
part  with  passage  beds  into  the  overlying  formation. 

(3.)  Limestone,  marked  by  hard  concretionary  bands  alternating  with 
bands  of  more  glauconitic  character,  which  are  softer.  It  is  full 
of  fossils,  notably  brachiopods  and  sea-urchins,  and  the  lime¬ 
stone  is  largely  made  up  of  shell  -  fragments.  There  is  one 
distinctly  marked  layer  of  well-rolled  shell-fragments,  with 
occasional  rounded  quartz  pebbles,  and  the  beds  below  this  are 
richest  in  nodules,  some  of  which  are  based  on  fragments  of 
bone,  and  some  are  almost  pure  phosphorite  in  appearance. 
Worm-borings  are  very  evident  in  this  layer. 

The  layer  of  nodules  with  rolled  shell-fragments  can  be  traced  along 
the  escarpment  in  a  westerly  direction  as  far  as  the  great  fall  of  rock  just 
south  of  McCullough’s  Bridge ;  and  it  may  go  farther,  since  the  section 
is  obscured  by  slips  and  a  covering  of  soil.  The  occurrence  of  nodules 
associated  with  the  rolled  shells  points  to  some  concentration  of  the  nodules 
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in  the  associated  greensand  on  a  former  seashore  line  or  in  the  shallow 
water  immediately  off  it. 

On  the  ridge  north  of  the  bridge  the  nodular  layer  is  apparently  absent, 
though  it  may  be  hidden  by  the  covering  of  soil. 

The  escarpment  continues  westward  on  the  south  side  of  the  river,  and 
is  characterized  by  marked  variations  in  its  lithological  character.  It  is 
always  more  or  less  glauconitic,  and  in  some  cases  the  amount  of  siliceous 
material  is  very  great.  In  places  there  are  numerous  worm-borings  in 
calcareous  greensand  filled  with  glauconitic  material.  Some  of  these  are 
pinkish  in  colour,  slightly  harder  than  the  matrix,  and  at  times  worm- 
casts  make  up  50  per  cent,  of  the  bulk  of  the  rock.  Although  these 
are  decidedly  phosphatic,  the  amount  of  impurity,  such  as  quartz  and 
glauconite,  which  they  contain  is  too  high  for  the  rock  to  be  considered  as 
a  source  of  phosphatic  limestone. 

Farther  on,  between  the  Waihao  Forks  and  Waihao  Downs  Railway- 
stations,  the  limestone  is  apparently  more  glauconitic,  some  layers 
being  almost  a  greensand  in  character,  and  specially  is  this  the  case  in 
the  lower  levels  and  as  the  beds  are  traced  in  the  direction  of  the 
Downs  Station.  The  greensands  are  here  full  of  the  remains  of  worm- 
borings  and  what  look  like  the  casts  of  fish-intestines,  some  of  them  2  ft. 
in  length,  1  \  in.  thick,  elliptical  or  flattened  in  cross-section,  with  peculiar 
transverse  curvilinear  marking,  which  is  not  spiral,  however.  They  show 
a  marked  reaction  for  phosphate,  and  also  when  broken  exhibit  the 
peculiar  and  characteristic  surface  appearance  of  phosphatized  limestone, 
are  slightly  pinkish  in  colour,  but  are  composed  essentially  of  calcareous 
greensand. 

There  is  an  increase  in  greensand  as  one  approaches  what  was  apparently 
the  direction  of  the  old  shore-line,  as  indicated  by  the  greywacke 
mass,  a  mile  and  a  half  north  of  the  Waihao  Forks  Station — a  south¬ 
easterly  extension  of  the  greywacke  stripped  surface.  The  upper 
layers  are  less  glauconitic,  but  nevertheless  must  be  classed  as  little 
better  than  a  calcareous  greensand.  Individual  bands  more  completely 
hardened,  and  forming  at  times  irregular  and  discontinuous  projections 
on  the  surface,  give  promising  indications  of  phosphate,  the  increased 
hardness  being  probably  due  to  its  presence.  The  whole  section  between 
the  two  railway  stations  is  characterized  by  the  most  pronounced  current 
bedding. 

The  most  promising  locality  for  the  occurrence  of  phosphatic  limestone 
in  payable  quantities  lies  in  a  small  gully  on  the  south  side  of  the  Waihao 
River,  about  a  mile  from  the  Forks  Station.  Here  there  is  a  thick  massive 
band,  15  ft.  in  thickness,  and  exposed  for  300  yards  on  the  steep  rocky 
faces  of  the  gully.  It  is  hard  and  glauconitic,  with  pinkish  fracture,  and 
consisting  largely  of  the  class  of  material  which  east  of  McCullough’s  Bridge 
forms  nodules  and  which  closely  resembles  the  material  of  the  harder  bands 
near  Waihao  Downs.  The  layers  pass  into  one  another  gradually,  and 
there  is  no  sign  of  the  presence  of  the  band  of  shell-fragments  and  nodules 
with  occasional  rolled  pebbles  which  is  met  farther  east.  This  locality  was 
in  the  middle  of  the  Waihao  marine  area  when  the  beds  were  deposited. 
The  bed  above  mentioned  probably  represents  an  upper  level  of  Waihao 
limestone.  No  sign  of  the  nodular  layer  was  observed  at  the  mouth  of  the 
gully  where  the  beds  are  in  close  association  with  the  underlying  green¬ 
sands,  which  were  as  fully  developed  as  in  the  lower  levels  farther  east 
near  McCullough’s  Bridge. 
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Another  large  area  in  South  Canterbury  over  which  limestones  are 
distributed  stretches  along  the  eastern  base  of  the  Hunter’s  Hills  and  their 
northern  continuation  from  the  gorge  of  the  Otaio,  across  the  Pareora  near 
Craigmore  to  Cave,  thence  across  the  middle  course  of  the  Opihi  to  just 
north  of  the  Kakahu,  in  close  proximity  to  the  gorge  of  that  river.  A  small 
outlier  also  lies  near  the  gorge  of  Te  Moana,  and  faulted  outliers  of  the 
main  limestone  mass  occur  near  Tengawai  Gorge  and  near  Fairlie.  The 
beds  are  generally  gently  inclined  either  in  open  anticlines  and  synclines 
or  lie  at  moderate  angles  against  older  rocks.  In  places,  as  at  Otaio  Gorge 
and  Cannington,  the  inclination  is  steeper,  probably  as  a  result  of  deforma¬ 
tion  owing  to  earth-movements  either  of  folding  or  faulting  against  the 
older,  more  resistant  rock-masses.  There  is  abundant  evidence  of  the  latter 
throughout  the  district,  causing  at  times  parallel  escarpments,  as  at  Kakahu, 
or  complete  separation  of  the  beds,  as  in  the  case  of  the  outliers  just 
mentioned,  which  owe  their  position  to  a  major  fault  running  north-west 
from  the  neighbourhood  of  Cave  through  Albury  to  beyond  Fairlie.  In 
this  region,  as  in  North  Canterbury,  there  is  a  cover  of  late  Tertiaries 
which  masks  the  limestones,  but  it  has  been  stripped  over  large  areas,  so 
that  the  exposures  of  limestone  and  the  areas  where  it  forms  the  subjacent 
rock  of  the  soil  are  certainly  greater. 

The  limestone  is  generally  glauconitic,  and  resembles  the  Waihao 
limestone  in  age  and  character.  In  places,  as  at  Otaio  Gorge,  it 
takes  on  a  facies  closely  resembling  Amuri  limestone ;  but  this  does  not 
indicate  an  equivalence  in  age,  but  rather  a  similarity  in  the  conditions  of 
deposit. 

Mount  Somers. — About  three  miles  north  and  west  of  the  Mount  Somers 
Railway-station  there  is  a  deposit  of  limestone  of  considerable  extent,  and 
easily  accessible,  a  part  of  it  being  served  by  a  tram-line  down  which  coal 
and  lime  are  carried  to  the  railway.  This  is  of  approximately  the  same  age 
as  the  Waihao  limestone,  and  much  younger  than  the  characteristic  lime¬ 
stones  of  North  Canterbury.  It  was  in  all  probability  laid  down  in  close 
proximity  to  a  shore-line,  and  is  composed  largely  of  fragments  of  shells 
and  sea-urchins.  The  content  of  phosphate  is,  however,  too  low  for  serious 
consideration  in  this  respect,  although  it  is  undoubtedly,  from  the  purity 
of  the  rock  and  its  easy  accessibility,  a  valuable  source  of  calcium  carbonate 
for  agricultural  and  building  purposes. 

Glauconitic  Sandstones. 

These  sandstones,  or  greensands,  as  they  are  sometimes  called,  are  of 
wide  distribution  in  the  Canterbury  district,  usually  underlying  the  lime¬ 
stones.  They  are  typically  developed  at  Waihao,  near  Waikari,  and  at 
Port  Robinson.  They  are  important,  since  they  contain  a  certain  low 
percentage  of  P205  not  only  distributed  through  the  rock  but  concentrated 
at  times  into  layers  of  phosphatic  nodules.  One  of  these  layers  has  been 
described  earlier  in  this  report  in  connection  with  the  Waihao  limestone, 
which  is  itself  highly  glauconitic  and  approaches  a  calcareous  greensand 
in  character.  Such  layers  of  nodules  are  worked  successfully  in  England 
and  Belgium  and  northern  France  as  a  source  of  agricultural  phosphate, 
and  they  are  usually  regarded  as  having  been  formed  from  the  droppings 
of  fish  and  reptiles  which  inhabited  the  seas  of  the  Cretaceous  period. 
No  locality  in  Canterbury  has  up  to  the  present  disclosed  a  bed  of  suffi¬ 
cient  richness  to  be  worked  satisfactorily,  although  the  Jed  River  does 
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undoubtedly  flow  through  a  bed  of  greensand  which  contains  nodular  masses 
in  fair  abundance.  The  chief  value  of  the  greensand  appears  to  be  the  rich 
soil  it  forms  as  a  result  of  decay  under  the  action  of  weathering  agents. 
The  productive  Waikari  Flat  and  some  of  the  rich  agricultural  land  near 
Waihao  are  based  on  greensands. 

Chemical  Results. 

In  the  field  we  made  considerable  use  of  a  “  spot  test  ”  for  phosphate, 
described  in  one  of  the  reports  of  the  Dominion  Laboratory.  While  this 
test  gives  an  indication  of  the  presence  of  phosphate,  it  was  of  no  use 
in  giving  any  idea  as  to  the  relative  richness  of  the  sample.  It  was 
therefore  necessary  to  collect  numerous  specimens  for  further  laboratory 
examination. 

Actual  analysis  was  in  the  majority  of  cases  restricted  to  determinations 
of  sand  and  insoluble  matter,  calcium  carbonate,  and  phosphoric  anhydride, 
though  in  some  instances  iron  oxides  and  alumina  were  included,  and  in  a 
few  cases  magnesia.  In  the  following  tables  only  the  first  three  quantities 
are  recorded. 


South  Canterbury  limestones — 

Sand  and 
Insoluble 

CaCo3. 

p2o5. 

No.  1 

19-98 

70-98 

1-57 

No.  2 

. .  26-12 

57-77 

3-14 

No.  3 

. .  40-44 

52-68 

0-86 

No.  4 

18-42 

72-60 

1-34 

Weka  Pass  District  limestones — 

No.  7 

. .  39-38 

48-12 

0-93 

No.  8 

. .  37-38 

52-77 

0-67 

No.  9 

9-14 

87-86 

0-38 

No.  24 

. .  29-16 

62-77 

0-22 

No.  28 

12-08 

86-88 

0-16 

No.  30 

. .  55-68 

35-09 

1-34 

Kaikoura  District  limestones — 

No.  13 

..  11-96 

82-60 

0-58 

No.  14 

10-40 

82-62 

0-58 

No.  15 

. .  44-48 

43-57 

0-70 

No.  17 

. .  32-62 

62-50 

0-70 

No.  19 

18-10 

79-02  (?) 

2-05 

No.  20 

12-58 

81-24 

1-79 

Nodules — 

No.  10 

. .  17-64 

77-60 

0-48 

No.  11 

19-20 

74-66 

0-58 

No.  12 

. .  20-70 

70-27 

2-72 

Ca3P  gOg. 

No.  16 

4-46 

66-00 

23-85 

No.  18 

2-54 

32-00 

43-93 

No.  22 

2*38 

n.  d. 

51-08 

No.  23 

17-90 

57-10 

10-60 

No.  32 

5-86 

43-60 

47-30 
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No.  1.  Upper  hard  band  of  limestone  in  gully  south  of  Waihao  River,  near 
Waihao  Forks. 

No.  2.  Lower  band  of  limestone,  same  locality. 

No.  3.  Composite  sample,  outcrop  parallel  to  railway,  Waihao  Downs. 

No.  4.  Calcareous  greensand,  along  the  railway  between  Waihao  Forks  and 
Waihao  Downs  ;  sample  8-10  ft.  above  the  greensand  ;  rock 
filled  with  casts. 

No  7.  Weka  Pass  stone,  8  ft.  above  junction  with  Amuri  limestone,  at 
Weka  Pass. 

No.  8.  Weka  Pass  stone,  2  ft.  above  junction,  near  viaduct. 

No.  9.  Amuri  limestone,  4  ft.  below  junction,  near  viaduct. 

No.  24.  Marly  development  of  Amuri  limestone  at  Weka  Pass. 

No.  28.  Amuri  limestone,  2  ft.  below  junction  with  Weka  Pass  stone. 

No.  30.  Lower  2  ft.  of  Weka  Pass  stone. 

No.  13.  Amuri  limestone,  2-4  ft.  below  contact  with  “  grey  marl,”  old  wharf, 
Kaikoura. 

No.  14.  Amuri  limestone,  at  contact,  old  wharf,  Kaikoura. 

No.  15.  “  Grey  marl,”  2-4  ft.  above  contact,  old  wharf,  Kaikoura. 

No.  17.  “  Grey  marl,”  at  contact,  old  wharf,  Kaikoura. 

No.  19.  Upper  layer  of  glauconitic  limestone,  Maori  village,  south  side  of 
Kaikoura  Peninsula. 

No.  20.  Layer  of  glauconitic  limestone  just  above  nodular  layer,  Maori 
village,  Kaikoura. 

No.  10.  Nodules  at  bottom  of  contact  layer  between  Amuri  limestone  and 
Weka  Pass  stone,  at  Weka  Pass. 

No.  11.  Nodule  at  middle  of  contact  layer. 

No.  12.  Nodule  near  top  of  contact  layer. 

No.  16.  Nodules  from  Amuri  Bluff. 

No.  18.  Nodules  from  Amuri  Bluff. 

No.  22.  Nodules,  east  of  Maori  village,  Kaikoura. 

No.  23.  Nodules  from  Weka  Pass. 

No.  32.  Nodules  from  Boundary  Creek  and  Motunau  River. 

A  number  of  other  analyses  are  recorded  in  various  Geological  Survey 
and  Dominion  Laboratory  reports,  and  in  the  New  Zealand  Journal  of 
Agriculture  (see  in  particular  Journ.  of  Agr.,  vol.  11,  p.  328). 


Reasons  for  the  Low-grade  Character  of  the  Limestones. 

It  will  be  readily  seen  from  the  results  of  the  analyses  that  the  amount 
of  phosphate  contained  in  the  rocks  is  nowhere  large  enough  to  warrant 
them  being  called  high-grade  phosphates.  This  is  a  fact  generally  true 
for  limestones  in  other  parts  of  the  world,  but  circumstances  sometimes 
occur  which  favour  a  concentration  of  the  phosphate  till  the  deposit 
becomes  commercially  valuable. 

One  of  the  most  important  of  these  circumstances  may  be  referred  to 
as  differential  solution.  Calcium  carbonate  is  more  soluble  in  water  con¬ 
taining  carbonic  acid  than  is  calcium  phosphate  or  any  other  combination 
in  which  phosphorus  usually  occurs  in  nature.  Hence  on  a  surface  which 
is  exposed  to  the  solvent  action  of  water  there  is  likely  to  be  a  concentration 
of  the  phosphate  if  the  shape  of  the  upper  surface  is  favourable  for  its 
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retention  and  for  the  removal  of  the  carbonate.  Thus  surfaces  of  lime¬ 
stone  which  lie  flat  or  in  basin-shaped  hollows,  whether  these  are  structural 
or  not,  may  contain  as  a  result  of  concentration  in  pockets  or  hollows 
sufficient  P205  to  be  called  true  phosphatic  limestones,  whereas  the  normal 
percentage  may  not  warrant  the  application  of  the  term.  Similarly, 
exposed  surfaces  of  limestone  may  be  enriched  in  phosphatic  material  from 
external  sources,  such  as  the  droppings  of  sea-birds,  accumulation  of 
bones,  &c.,  of  land  and  marine  animals  primarily  rich  in  phosphate.  This 
enrichment  may  have  taken  place  during  the  present  period  or  in  some 
distant  geological  age.  The  existing  stratigraphical  conditions  of  our 
limestones  do  not  lend  themselves  to  concentration  or  impregnation.  They 
are  rarely  exposed  over  wide  areas  with  horizontal  bedding  or  gentle 
synclinal  structure,  the  exposures  being  in  general  in  the  form  of  long 
strips  with  pronounced  escarpments,  the  greater  part  of  the  area  being 
covered  up  with  younger  detrital  deposits  and  so  not  exposed  to  denudation. 
Where  they  are  exposed  they  are  generally  tilted,  so  that  all  the  products  of 
decay  are  rapidly  removed. 

The  only  horizon  at  which  concentration  has  taken  place  is  the  junction 
of  the  Weka  Pass  and  Amuri  limestones  and  its  equivalent  stratigraphical 
horizon.  This  occurred  when  the  upper  layer  of  the  Amuri  limestone 
formed  a  sea-bottom  during  a  period  of  halt  in  deposition  in  mid-Tertiary 
times.  The  remains  of  marine  organisms  also  contributed  to  the  phos¬ 
phatic  content  of  the  layer,  so  that  its  upper  surface  suffered  differential 
solution  and  secondary  enrichment  at  the  same  time.  But  these  causes 
combined  have  not  succeeded  in  forming  a  phosphatic  layer  which  is 
capable  of  commercial  exploitation. 

Phosphatic  layers  such  as  those  of  Florida,  Belgium,  and  northern 
France  owe  their  value  to  the  fact  that  phosphatic  nodular  layers,  non- 
payable  in  themselves,  have  been  concentrated  by  the  sorting  action  of 
water,  either  of  the  sea  or  of  rivers,  till  they  have  become  commercially 
valuable.  There  does  not  appear  to  be  any  locality  in  Canterbury  where 
this  has  taken  place,  and  it  is  unlikely  that  any  such  exists. 

The  areas  which  promise  best  for  concentration  into  payable  deposits 
appear  to  be  those  from  which  limestones  have  been  stripped,  and  not  those 
where  a  limestone  covering  now  exists  ;  but,  as  these  areas  are  generally 
covered  with  a  close  covering  of  grass  or  form  a  rich  agricidtural  soil,  they 
present  no  well-marked  outcrops,  and  the  locating  of  such  deposits,  if  they 
exist,  must  be  largely  a  matter  of  chance,  but  it  is  a  chance  which  must 
be  fully  recognized.  Where  the  limestones  have  been  stripped  from  the 
slopes  of  hills,  the  loose  underlying  material,  with  any  phosphatic  matter 
it  may  have  contained,  has  been  swept  to  lower  levels  and  widely  distri¬ 
buted  over  alluvial  flats,  adding  its  quota  of  nourishment  to  already  rich 
soils.  It  is  possible,  however,  that  circumstances  may  have  occurred, 
such  as  those  at  Clarendon,  Otago,  which  promoted  the  concentration 
in  situ  of  a  poor  limestone  into  residual  matter  of  high  phosphatic  content ; 
but  the  conditions  obtaining  in  Canterbury,  as  far  as  our  experience  goes, 
do  not  encourage  the  hope  that  such  deposits  will  be  located  within  its 
limits. 

Possibilities  of  ultilizing  in  Agriculture  the  Limestones  and 

Associated  Rocks. 

The  use  of  limestone  and  burnt  lime  as  soil-improvers  has  been 
practised  for  centuries,  and  a  consideration  of  Canterbury  rocks  in  this 


1919.]  Wild  and  Speight —Limestones  of  Canterbury.  191 

connection  is  not  out  of  place  in  this  report  if  only  in  so  far  as  the  pre¬ 
sence  of  small  percentages  of  phosphate  has,  under  the  circumstances,  an 
important  bearing  on  the  question.  It  happens,  moreover,  that  this  matter 
has  in  times  past  received  our  individual  attention.* 

In  the  first  place,  while  phosphatic  fertilizers  have  for  a  great  many 
years  been  an  essential  to  successful  agriculture  in  Canterbury,  the  need 
for  lime  has  apparently  not  been  in  the  least  acute  ;  at  all  events,  farmers 
in  general  have  managed  very  well  without  it.  In  the  second  place,  at  no 
time  have  cheap  supplies  of  lime  been  available  for  agricultural  purposes 
in  this  province.  At  the  present  time,  however,  whether  the  system  of 
cropping  so  long  practised  is  beginning  to  have  its  effect  on  a  soil  admittedly 
not  rich  in  lime,  or  whether  from  other  less  obvious  causes,  signs  are  not 
wanting  that  lime  is  about  to  come  into  its  own,  and  more  farmers  are 
to  be  found  who  have  begun  to  use  lime  and  have  obtained  pleasing 
results  therefrom.  Thus  the  Canterbury  Agricultural  College  has  used  lime 
extensively  during  the  last  three  or  four  years  ;  Mr.  R.  Macartney,  of  Tai 
Tapu,  has  informed  us  of  gratifying  results  of  its  use  on  his  farm  at 
Methven  ;  and  we  have  heard  favourable  reports  from  such  widely  scattered 
districts  as  Sefton,  Dunsandel,  and  Ashburton.  The  demand  so  created 
should  encourage  the  opening-up  of  new  supplies,  and  we  have  no  hesitation 
in  stating  that  in  both  North  and  South  Canterbury  ample  supplies  are 
available  in  accessible  localities,  where  the  cost  should  certainly  not  be 
greater  than  that  ruling  in  Southland — namely,  14s.  per  ton  for  ground 
limestone — where  the  preliminary  difficulties  of  drying  before  grinding 
must  be  greater  than  in  our  district. 

In  estimating  the  agricultural  value  of  a  sample  of  limestone  it  has 
been  customary  hitherto  to  insist  on  two  factors — namely,  purity  and 
fineness  of  grinding.  It  is  a  fact,  however,  that  the  cost  of  pulverizing  a 
sample  is  out  of  all  proportion  to  the  cost  of  merely  crushing  so  that  the 
whole  will  pass  through  a  J  in.  or  J  in.  mesh  ;  nevertheless,  in  this  opera¬ 
tion  of  crushing  much  fine  powder  is  produced,  so  that  the  whole  of  such 
a  sample  may  be  considered  capable  of  giving  immediate  results  as  well  as 
long-continued  activity  as  a  soil-improver.*)*  If,  then,  a  coarsely  ground 
sample  can  be  got  much  more  cheaply  than  a  pulverized  one  and  be  as 
effective  in  the  long-run,  the  production  of  such  a  sample  may  prove  accept¬ 
able  to  the  Canterbury  farmer.  More  of  it  can,  of  course,  be  had  for  the 
same  outlay,  which  is  important  in  view  of  the  phosphate  content  of  the 
rock,  a  point  that  we  come  to  consider  presently.  The  transport  charges  are 
not  proportionately  increased,  since  railage  on  lime  is  free  for  100  miles. 

Reasons  can  also  be  put  forward  for  urging  a  revision  of  the  demand 
for  a  sample  of  limestone  possessing  high  purity.  Many  Canterbury  lime¬ 
stones  in  the  more  accessible  localities  are  not  markedly  pure,  though  they 
have  the  advantage  of  being  cheaply  worked.  Now,  while  the  bulk  of 
the  impurity  is  sand,  a  proportion  of  it  is  phosphate,  so  that  in  some  cases 
a  dressing  of  limestone,  10  cwt.  or  so,  would  add  to  the  soil  as  much 
phosphate  as  an  application  of  1  cwt.  of  fertilizer.  It  is  not  suggested 
that  this  small  addition  of  phosphate  would  of  itself  produce  an  immediate 


*  R.  Speight,  The  Limestones  of  the  Canterbury  Province,  Journ.  Canterbury 
A.  &  P.  Assn 1916  ;  L.  J.  Wild,  Some  Soils  of  the  South  Island  of  New  Zealand  with 
Special  Reference  to  their  Lime  Requirements,  Journ.  Agric.  Sci.,  vol.  8,  p.  154,  1917  ; 
L.  J.  Wild  and  J.  G.  Anderson,  On  the  Absorption  of  Lime  by  Soils,  Trans.  N.Z. 
Inst,  vol.  49,  p.  466,  1917. 

t  See,  e.g.,  B.  C.  Aston,  Two  Notes  on  Limestone  (quoting  C.  G.  Hopkins),  N.Z. 
Journ.  of  Agr.,  vol.  16,  p.  162,  1918. 
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effect,  but  that  the  frequent  use  of  such  a  limestone,  containing  even  a  small 
percentage  of  phosphate,  would  tend  towards  the  maintenance  of  fertility 
cannot  be  denied.  It  is  arguable,  therefore,  that  the  low  cost  of  a  readily 
accessible  supply  may  outweigh  the  disadvantage  of  its  impurity,  considering 
that  some  of  the  impurity  has  a  value. 

Another  way  in  which  these  cheap  though  rather  impure  supplies  of 
limestone  may  find  application  is  as  a  “  filler  ”  for  the  purpose  of  diluting 
the  concentrated  fertilizers  used  in  the  preparation  of  the  mixed  manures 
so  popular  among  farmers.  The  use  of  gypsum  has  long  been  practised, 
but  supplies  of  this  material  are  now  scarce  and  dear,  if  not  altogether 
unobtainable.  Ground  limestone  has  already  been  used  considerably  as  a 
substitute,  and  in  the  main  with  satisfactory  results.  The  chief  objections- 
to  it  are  the  facts  that  it  “  reverts  ”  soluble  phosphate,  and  that  the 
mixtures  containing  it  are  apt  to  set,  necessitating  recrushing. 

From  among  a  number  of  localities  that  could  be  cited  the  best  from 
the  point  of  view  of  access  by  rail  are  Waikari,  in  North  Canterbury,  and 
Waihao  Forks  and  Cave,  in  South  Canterbury.  At  Waikari  there  is  an 
outcrop  of  Amuri  limestone  just  behind  the  church  and  within  a  few 
hundred  yards  of  the  railway.  This  is  a  stone  of  considerable  purity — 
much  purer  than  the  deposit  of  slip  material  that  has  already  been  worked 
just  behind  the  Great  Northern  Hotel.  At  Cave  there  is  an  old  quarry 
beside  the  railway,  and  though  the  stone  is  not  of  the  highest  purity  it 
could  be  worked  very  cheaply.  At  Waihao  Downs  there  is  an  escarpment 
running  parallel  to  the  railway  and  very  easy  to  work.  The  stone  in  its 
natural  state  contains  50  to  70  per  cent,  of  CaC03,  as  well  as  2  or  3  per 
cent,  of  tricalcic  phosphate  and  some  potash.  It  should  be  very  useful  as 
a  “  filler.”  A  stone  of  much  the  same  quality  but  richer  in  phosphate 
occurs  in  a  gully  about  a  mile  from  Waihao  Forks  Railway-station.  The 
Mount  Somers  limestone  has  already  been  mentioned. 

Greensand  is  another  material  that  seems  admirably  adapted  for  use 
as  a  “  filler.”  In  addition  to  containing  a  varying  small  percentage  of 
phosphate,  it  also  contains  potash,  often  in  considerable  amount,  as  well 
as  carbonate  of  lime.  Morgan*  cites  samples  from  the  Gisborne  district 
yielding  1-98  per  cent,  of  K20  and  over  28  per  cent,  of  CaC03.  A  deposit 
at  Burnside,  near  Dunedin,  contains  3-35  per  cent,  of  P205  4*12 

per  cent,  of  K20.  The  effects  of  burning  such  samples  are  well  worth 
investigating  ;  the  percentages  of  P2G5  and  of  K20  would,  of  course, 
be  relatively  increased,  and  where  much  CaC03  is  present  it  is  probable 
that  some  of  the  potash  would  be  rendered  soluble.  Such  material, 
though  certainly  not  rich  enough  for  direct  application  as  a  fertilizer, 
would  be  very  valuable  for  soil-improvement  if  used  in  quantity.  But 
it  should  be  specially  suitable  for  use  as  a  “  filler,”  since  it  would  not 
only  add  phosphate,  but  would  possibly  prove  in  itself  a  sufficient  source 
of  potash  in  mixed  manure,  our  soil  requirements  in  this  respect  being 
quite  limited. 

A  greensand  collected  by  us  at  Waikari  contained  3-05  per  cent,  of  K20 
and  0*33  per  cent,  of  P205  ;  the  percentage  of  CaC03  was  low  ;  the  loss 
of  weight  on  ignition  was  6-86  per  cent. 

In  concluding  this  report  we  wish  to  express  our  indebtedness  for 
valuable  assistance  received  from  various  landowners,  and  especially  from 
Mr.  Charles  Kerr,  of  Cave,  and  Mr.  George  Pitcaithley,  late  of  Waimate. 


*  P.  G.  Morgan,  Potash  in  New  Zealand  and  other  Countries,  N.Z.  Journ.  of  Agr., 
vol.  14,  p.  257,  1917. 
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ASTRONOMICAL  NOTES. 

Description  of  a  Planisphere. 

The  planisphere  is  an  instrument  which  shows  in  projection  the  visible 
celestial  hemisphere  at  any  hour  during  the  year.  It  consists  of  the 
following  parts  : — 

A.  The  Star-chart  (fig.  1). — This  consists  of  a  disc  containing  a  polar 
projection  of  the  celestial  sphere  extending  to  polar  distance  180°  —  </>,  where 
0  is  the  latitude  for  which  the  instrument  is  constructed.  The  particular 


planisphere  which  is  here  described  is  constructed  for  latitude  40°  S.,  and 
therefore  the  polar  projection  extends  from  the  South  Pole  to  declination 
50°  N.  The  disc  bears  on  its  margin  a  graduated  circle  Ax  with  dates 
from  March  21/22  at  R.A.  xxiv  uniformly  counter-clockwise  ;  the  R.A. 
which  stands  opposite  each  day  thus  represents  the  sidereal  time  at  mean 
noon  (Greenwich). 

B.  The  Longitude  Circle.  —  This  consists  of  a  ring  containing  two 
graduated  circles  (the  two  outermost  circles  in  fig.  2);  the  outer  circle  Bx 

L6 — Science. 
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graduated  in  hours  of  mean  time  from  noon  through  xii,  xm  (i),  xiv  (11), 
&c.,  uniformly  clockwise  to  xxiv,  or  noon  ;  the  inner  circle  B2  graduated 
in  degrees  of  longitude  from  0°,  opposite  noon,  uniformly  counter-clock¬ 
wise  through  east  longitudes  and  clockwise  through  west  longitudes  to 
180°,  opposite  xii.  This  ring  is  furnished  with  a  clamp.  (The  longitude 
circle  is  not  an  essential  part  of  the  planisphere,  but  it  enables  one  to  set 
the  instrument  for  the  time  of  any  meridian,  not  necessarily  that  of  the 
place  of  observation). 

C.  The  Horizon  (the  inner  part  of  fig.  2). — This  consists  of  a  disc 
containing  an  oval  aperture  whose  boundary  is  the  projection  of  the 


horizon.  This  aperture  is  covered  with  a  celluloid  window  on  which  are 
traced  two  systems  of  curves,  the  verticals  passing  through  the  zenith  and 
showing  the  azimuths,  and  the  almucantars  showing  the  altitudes.  The 
margin  of  the  aperture  is  marked  with  the  points  of  the  compass.  Round 
the  edge  of  the  disc  are  two  graduated  circles  :  the  outer  circle  C2 
graduated  in  degrees  of  longitude  as  in  B2,  0°  being  opposite  the  north 
point,  which  is  the  point  of  the  horizon  nearest  the  margin  ;  the  inner 
circle  graduated  in  hours  of  local  mean  time  as  in  Bt. 

All  the  circles  are  pivoted  at  a  common  centre.  Fig.  2  is  to  be  super¬ 
posed  upon  fig.  1  so  that  the  date  circle  A1  is  outermost ;  then  the 
standard-time  circle  Bx  and  longitude  circle  B2  on  the  ring,  and  next  the 
longitude  circle  C2  and  the  local-time  circle  Cx  on  the  horizon-disc,  fall 
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into  the  blank  space  in  fig.  1  ;  the  star-chart  A  is  then  hidden  except  for 
the  oval  portion,  which  appears  through  the  celluloid  window,  and  which 
represents  the  portion  of  sky  which  is  above  the  horizon  at  the  time 
indicated. 

To  set  the  Planisphere. — Set  the  longitude  of  the  place  on  B2  to  the 
standard  meridian  on  C2  and  clamp  B.  Then  set  the  date  on  A1  to  the 
time  on  Br  The  visible  celestial  hemisphere  is  then  shown  on  A  through 
the  aperture  in  C.  The  local  time  is  shown  on  Cx  opposite  the  time  on  B1. 

Thus  by  setting  the  longitude  of  Wellington,  174f°  E.,  to  Greenwich  as 
standard  meridian  we  can  read  both  Greenwich  mean  time  and  local  time. 
By  setting  174J  °  E.  to  the  meridian  for  New  Zealand  standard  time,  172J°  E., 
we  get  the  proper  setting  for  New  Zealand  time  at  Wellington.  This  setting 
will  show,  for  example,  that  10  o’clock  by  New  Zealand  standard  time  is 
9  minutes  past  10  by  Wellington  local  time. 

In  the  particular  planisphere  which  is  here  described  the  star-chart  is 
constructed  as  a  true  perspective  projection,  so  that  the  horizon,  the 
ecliptic,  and  all  the  curves  traced  on  the  celluloid  window  are  true  ellipses. 
The  centre  of  projection  0  is  taken  on  the  polar  axis  at  a  distance  sec  </> 
—i.e.j  sec.  40° — from  the  centre  of  the  sphere  (the  radius  of  the  sphere  being 
unity),  so  that  the  extreme  parallel  of  declination,  50°  N.,  is  the  line  of  contact 
of  the  tangent  cone  from  0.  The  object  of  this  is  to  make  the  zenith 
lie  as  nearly  as  possible  at  the  centre  of  the  ellipse  which  represents  the 
horizon.  It  can  be  shown  that  in  order  that  the  zenith  may  be  exactly 
at  the  centre  of  this  ellipse  the  distance  /x  of  the  centre  of  projection  from 
the  centre  of  the  sphere  is  determined  by  the  equation  /x2 —  /*,  sin  </>  —  1=0. 
Eor  cjy  =  40°  this  gives  /x  —  1-372,  while  sec  6  =  1-305.  If  this  distance 
had  been  taken  for  the  centre  of  projection  the  margin  of  the  chart  would 
have  overlapped,  the  declination  circle  50°  N.  being  turned  in  and  coin¬ 
ciding  with  that  of  43°  36'  N.  Unless  the  latitude  is  greater  than  45°  it  is 
impossible,  with  a  true  perspective  projection,  to  have  the  zenith  at  the 
centre  of  the  aperture.  Even  with  this  compromise  there  is  the  objection 
of  considerable  distortion  at  the  margin  of  the  star-chart.  The  following 
table  shows  the  amount  of  distortion,  and  gives  the  ratio  of  the  scales  in 
B.A.  and  declination  for  various  declinations  : — 


Declination 

90°  S. 

60°  S. 

30°  S. 

0° 

30°  N. 

35°  N. 

o 

O 

45°  N. 

50°  N. 

Ratio  of  scales 

1-00 

1-01 

1-09 

1-31 

2-32 

2-91 

4-12 

7-75 

CO 

It  would  probably  be  better,  as  is  done  in  most  planispheres,  to  sub¬ 
stitute  for  a  true  perspective  projection  an  equidistant  projection  in  which 
the  meridian  is  divided  uniformly  in  degrees  of  declination.  In  this  case 
the  distortion  is  shown  by  the  following  table  : — 


Declination 

90°  S. 

60°  S. 

30°  S. 

0° 

30°  N. 

35°  N. 

o 

o 

£ 

45°  N. 

50°  N. 

Ratio  of  scales 

1-00 

1-05 

1-21 

1-57 

2-42 

2-66 

2-96 

3-33 

3-80 

Up  to  about  32°  N.  the  perspective  projection  is  actually  the  better 
representation,  but  the  equidistant  representation  has  always  the  advantage 
that  the  zenith  is  at  the  centre  of  the  meridian. 


D.  M.  Y.  SOMMERVILLE. 

Victoria  University  College,  Wellington. 
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Notes  on  the  Calculation  of  an  Ephemeris  of  a  Comet. 

These  notes  refer  to  the  calculation  of  an  ephemeris  of  Halley’s  Comet, 
and  were  written  in  March,  1910,  and  they  are  published  here  as  practical 
experience  has  shown  that  the  method  described  leads  to  a  considerable 
reduction  in  labour  over  the  usual  procedure.  The  method  is  a  general 
one,  and  may  be  applied  to  the  calculation  of  an  ephemeris  of  a  comet 
and  an  asteroid. 

The  usual  method  in  calculating  the  positions  of  a  comet  in  its  orbit 
is  to  do  so  for  equal  intervals  of  time — say,  for  every  day,  or  for  every 
four  or  eight  days — but  this  necessitates  the  solution  of  Kepler’s  equation 
for  the  eccentric  anomaly,  which  is  a  troublesome  operation.  Kepler’s 
equation  is  u°  —  c°  sin  u  =  nt,  where  u°  is  the  eccentric  anomaly  in 
degrees,  c°  =  the  ellipticity  of  the  orbit  in  degrees,  n  —  the  mean  daily 
sidereal  motion  of  the  comet  in  degrees,  t  =  the  time  in  days  from  the 
perihelion  passage  ;  and  it  will  be  seen  that  the  equation  is  transcendental 
in  u. 

In  many  cases  it  is  not  necessary  to  form  the  ephemeris  at  equal 
intervals  of  time.  In  these  cases  it  is  much  simpler  to  invert  the  pro¬ 
cedure  and  take  equal  intervals  of  u — say,  u  =  1°,  2°,  3°,  &c. — then  nt 
is  readily  determined  from  Kepler’s  equation. 

Example. — Halley’s  Comet  :  This  comet  describes  an  ellipse  round  the 
Sun,  with  the  Sun  in  one  focus  of  the  ellipse.  The  elements  of  the  orbit 
given  in  the  Monthly  Notices *  of  the  Royal  Astronomical  Society  are — 


Time  of  perihelion  passage 

Perihelion  minus  node 

Longitude  of  node  .  . 

Inclination 

Eccentricity 

Semi-axis  major 

Perihelion  distance  .  . 


T  1910,  April  19-65,  G.M.T. 
co  111°  42'  16"  | 

Q>  57°  16'  12"  j- 1910-0 

i  162°  12'  42") 

e  0-967281 

log.  a  =  1-2539958  a  =  17-94716 
log.  q  =  9-7687858  q  =  0-5871996 


From  these  elements  it  is  required  to  determine  t  and  the  polar  co¬ 
ordinates  r  and  v  of  the  comet  for  given  values  of  the  eccentric  anomaly  u. 


Since  c°-ex  57°-2958  =  55°-421 

^  h  3548-18761 

and  n  =  —  =  nqiF~  =  46  '6673 
a*  76-0315 

Kepler’s  equation  becomes 

a°  —  55°-421  sin  u  =  nt 


r 


77-142 


t 


77°-142 


The  radius  vector,  r,  of  the  comet  is  obtained  from 

r  =  a  (1  —  e  cos  u) 

.=  q  -\-  ae  vers  u 
—  0-5872  -J-  17-3599  vers  u. 

The  comet’s  true  anomaly,  v,  is  obtained  from 


tan  J v  — 


tan  \u 


=  7-75413  tan  \u. 


*  Vol.  70,  p.  3,  1909-10. 
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The  calculations  may  be  arranged  conveniently  in  tabular  form  as  under, 
and  are  readily  carried  out  by  means  of  a  calculating-machine. 


u. 

nt. 

t. 

V. 

V. 

Days. 

1  =  Distance 

o 

o 

Sun-Earth. 

o 

1 

0-032769 

2-53 

0-5898 

7-75 

2 

0-065831 

5-08 

0-5978 

15-42 

3 

0-099481 

7-67 

06110 

22-96 

4 

0-13402 

10-34 

0  6296 

30-30 

5 

0-16974 

13-09 

0  6533 

37-41 

6 

0-20692 

15-96 

0-6823 

44-23 

7 

0-24587 

18-97 

0-7165 

50-74 

8 

0-28687 

22-13 

0-7561 

56-94 

9 

0-33023 

25-47 

0-8009 

62-79 

10 

0-37623 

29-02 

0-8509 

68-31 

11 

0-42516 

32-80 

0-9061 

73-49 

Thus  t,  r,  and  v  are  easily  obtained,  and  the  positions  of  the  comet  can  be 
plotted  in  the  plane  of  the  orbit. 

If  a  model  is  made  with  the  line  of  nodes  as  a  hinge,  and  with  the 
plane  of  the  orbit  inclined  at  the  angle  i  to  the  plane  of  the  ecliptic,  it  will 
be  seen  how  the  polar  co-ordinates  may  be  converted  into  rectangular 
co-ordinates  referred  to  the  ecliptic  ;  and  if  the  model  also  shows  the 
plane  of  the  equator  the  transformation  of  the  co-ordinates  into  equatorial 
co-ordinates  can  be  made.  C.  E.  A. 


HEATING  HOUSES  BY  ELECTRICITY. 

An  instructive  report  on  the  heating  of  houses  was  published  recently 
(28th  February,  1918)  by  the  Hydro-electric  Power  Commission  of  Ontario, 
in  which  the  cost  of  electrical  heating  is  compared  with  that  of  heating 
with  coal. 

This  is  an  important  document,  being  an  official  statement  by  a  large 
hydro-electric  power  concern.  It  applies,  of  course,  to  Canadian  con¬ 
ditions,  the  fuel  consumption  in  the  average  eight-roomed  house  being 
taken  at  9  tons  of  anthracite  per  year,  valued  at  £2  10s.  per  ton— Ac., 
£22  10s.  per  year.  To  do  the  same  heating  by  electric  power  would  require 
a  maximum  demand  of  16  horse-power,  and  would  cost  over  £70  per  year. 
Moreover,  if  general,  it  would  require  over  a  million  horse-power  for  the 
city  of  Toronto  alone.  Undoubtedly  electric  heating,  apart  from  its  cost, 
approaches  more  nearly  the  ideal  than  any  other  fo  m  of  heating,  but  the 
object  of  the  report  is  to  eradicate  from  the  popular  mind  the  idea  that 
electricity  is  destined  under  Canadian  conditions  to  take  the  place  of  coal 
and  other  fuel  for  the  heating  of  houses. 

Applied  to  New  Zealand  conditions  the  same  conclusion  is  generally 
correct,  although  owing  to  the  milder  weather  conditions  the  discrepancy 
is  not  so  great.  The  ordinary  open  fire  will  consume  £3  to  £4  worth  of 
coal  or  wood  per  year.  A  radiator  on  for  1,200  to  1,500  hours  per  year 
will  cost  £6  to  £10  per  year,  and,  though  it  gives  a  steadier  heat  throughout 
the  day,  it  will  not  give  the  same  maximum  output  of  heat  as  the  coal  or 
wood  fire.  .  L.  B. 
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DEPARTMENTAL  REPORTS. 

Graphite  in  New  Zealand. 

By  P.  G.  Morgan,  Director,  New  Zealand  Geological  Survey. 

Graphite  is  widely  distributed  throughout  New  Zealand.  It  occurs  dis¬ 
seminated  or  in  deposits  of  various  sizes  in  the  marbles,  gneisses,  and 
schists  of  western  Otago,  in  the  mica-schists  of  Central  Otago,  in  the  grey- 
wackes  and  argillites  of  western  Canterbury  and  the  adjoining  part  of 
Westland,  and  in  the  schists,  argillites,  and  marbles  of  Nelson  and  Marl¬ 
borough.  In  the  North  Island,  graphite  is  found  in  the  greywackcs  and 
argillites  of  the  Rimutaka  and  Tararua  Ranges,  in  the  volcanic  rocks  of 
Mount  Egmont  and  the  Hauraki  Goldfield,  and  in  the  Mesozoic  (?)  rocks  of 
North  Auckland.  Still  other  occurrences  will  be  mentioned  on  a  later  page. 

The  Otago  and  Nelson  rocks  mentioned  above  are  of  Palaeozoic  age  ; 
the  greywackes  and  argillites  of  western  Canterbury,  eastern  Westland,  and 
Wellington  are  probably  all  of  early  Mesozoic  age  ;  and  the  volcanic  rocks 
are  of  Tertiary  or,  in  the  case  of  Mount  Egmont,  of  post-Tertiary  age. 

The  following  list  gives  nearly  all  the  localities  from  which  graphite 
has  been  recorded :  Cuttle  Cove  (Preservation  Inlet),  Dusky  Sound, 
Jackson’s  Bay,  Few’s  or  Twelve-mile  Creek  (Lake  Wakatipu),  Carrick 
Range,  Hawksburn,  Clyde  district,  Orari  Gorge,  Mount  Potts,  Malvern 
Hills,  Arthur’s  Pass  Tunnel,  Otira,  Paparoa  Range,  Reefton  district,  Wai- 
mangaroa,  Wangapeka  district,  Upper  Takaka  district,  Gouland  Downs, 
Golden  Ridge,  Motupipi,  Pariwhakaoho  Stream,  Collingwood,  Pakawau, 
Wakamarama  Range,  north-west  Nelson  in  general  (graphitic  schists  and 
slates),  Avondale  (Marlborough),  Picton,  Petone  Road  (near  Wellington), 
Mangaroa  Hill  ;  valleys  of  Akatarawa,  Waiohine,  Ruamahanga,  Waingawa, 
Waikanae,  and  Otaki  Rivers  ;  Rimutaka  Mountains  in  general ;  several 
localities  on  or  near  the  lower  slopes  of  Mount  Egmont ;  several  localities 
in  the  Hauraki  Goldfield  ;  Mangawhare  (North  Auckland)  ;  Rangiahua 
(North  Auckland). 

The  chief  sources  of  information  are  : — 

(1.)  Cox,  S.  H.,  “  Notes  on  the  Mineralogy  of  New  Zealand,”  Trans. 
N.Z.  Inst.,  vol.  15,  1883,  pp.  360-410.  Graphite  occurrences  are  mentioned 
on  pp.  363-65.  Further  references  will  be  abbreviated  to  “  Cox.” 

(2.)  Annual  Reports  of  the  Colonial  Museum  and  Laboratory  (Nos.  1-27), 
the  Colonial  Laboratory  (Nos.  28-40),  and  the  Dominion  Laboratory 
(Nos.  40-50).  These  form  a  continuous  series  from  No.  1  (1867)  to  No.  50 
(1917),  and  hereafter  the  title  will  be  abbreviated  to  “  Lab.”  Mr.  W.  Skey 
was  Colonial  Analyst  from  1865  until  his  death  in  1900,  when  he  was 
succeeded  by  Dr.  J.  S.  Maclaurin. 

(3.)  Transactions  of  the  New  Zealand  Institute,  vol.  1  (1869)  to  vol.  49 
(1917).  In  references,  titles  of  papers  will  not  be  quoted,  and  the  abbrevia¬ 
tion  Trans,  will  be  employed  for  the  title  of  the  volume. 

(4.)  Reports  of  Geological  Explorations,  Nos.  1  to  22,  New  Zealand 
Geological  Survey,  issued  under  the  direction  of  Sir  James  Hector  from 
1867  to  1894.  Abbreviation  used  :  Rep.  Geol.  Explor.  Titles  of  individual 
reports  not  quoted. 

(5.)  Bulletins  (New  Series)  of  the  Geological  Survey  of  New  Zealand, 
No.  1  (1906)  to  No.  20  (1917).  Abbreviated  to  “  Bull.”  Titles  not  quoted. 


1919.] 


Departmental  Deports. 


199 


The  available  information  concerning  each  occurrence  will  be  given 
in  as  brief  a  form  as  possible. 

1.  Cuttle  Cove . — The  N.Z.  Mines  Record ,  vol.  11,  1907-8  (March,  1908), 
p.  358,  states  :  “  Graphite  has  recently  been  found  at  Cuttle  Cove,  Pre¬ 
servation  Inlet,  by  some  prospectors.  The  deposit  is  considered  highly 
promising,  and  is  close  to  deep  water.” 

2.  Dusky  Sound . — In  disseminated  scales  in  mica-schist  or  perhaps 
gneiss.  Collected  by  W.  Docherty.  Cox,  p.  365  ;  and  Lab.  No.  21,  1886, 
p.  40.  Skey  separated  the  flakes  or  scales  by  elutriation,  and  obtained 
a  product  containing  91-02  per  cent,  of  carbon. 

3.  West  Coast  Sounds  (probably  Milford  Sound,  Caswell  Sound,  Thompson 
Sound,  and  perhaps  Dusky  Sound) .—Disseminated  in  marble.  Cox,  p.  364  ; 
and  Hector,  J.,  in  Jurors'  Report,  N.Z .  Exhibition ,  Dunedin,  1865,  p.  267. 

4.  Jackson's  Bay. — In  1876  a  sample  of  graphitic  sandstone  from 
Jackson’s  Bay  containing  10-42  per  cent,  of  carbon  was  forwarded  to  the 
Colonial  Museum  and  Laboratory  by  the  Hon.  J.  A.  Bonar.  Cox,  p.  364  ; 
and  Lab.  No.  12,  1878,  p.  52  (analysis  not  given). 

5.  Few's  (or  Twelve-mile)  Creek. — This  is  a  stream  entering  Lake  Waka- 
tipu  on  the  north  side  of  the  middle  reach  (near  Bob’s  Cove).  The  occurrence 
of  graphite  here  is  mentioned  by  F.  W.  Hutton  in  The  Geology  of  Otago , 
1875,  p.  125.  A  specimen  is  in  the  Otago  Museum.  It,  or  a  companion 
specimen,  was  described  by  A.  Liversidge  as  having  lamellar  structure, 
and  as  being  much  contaminated  with  sesquioxide  of  iron  (Trans.,  vol.  10, 
1878,  p.  490). 

6.  Garrick  Range. — Hutton  states  (publication  cited,  p.  32)  :  “  Impure 
graphite  occurs  in  considerable  quantity  in  the  Garrick  Range,  where, 
according  to  Mr.  Buchan,  it  is  sometimes  13  ft.  thick.”  The  occurrence 
thus  reported  is  probably  the  same  as  No.  7  (which  see). 

7.  Hawksburn. — Near  the  Clyde-Nevis  Road,  just  after  it  crosses  the 
Hawksburn,  at  a  point  about  six  miles  from  Clyde  and  six  miles  south- 
south-east  of  Bannockburn,  is  a  graphitic  deposit,  which  is  thus  described 
by  Park  (Bull.  No.  5,  1908,  pp.  68-69)  : — 

“  Graphite. — This  occurs  intercalated  in  the  schist  a  few  feet  above  the 
hanging-wall  of  the  Hawksburn  lode  in  the  Bannockburn  district.  It  has 
been  prospected  by  a  shallow  pit  about  a  chain  north  of  the  middle 
outcrop  of  the  lode.  The  sides  of  the  pit  have  fallen  in,  and,  except  the 
debris  at  the  pit-bank,  nothing  whatever  can  be  seen  of  the  graphite 
in  situ.  The  rock  is  a  micaceous  slate  that  passes  into  phyllite.  It  strikes 
nearly  north  and  south,  and  dips  west  at  an  angle  of  60°.  There  is  no 
appearance  of  graphite  immediately  to  the  north  and  south  of  the  pit, 
from  which  we  may  conclude  that  the  deposit  is  limited  in  linear  extent. 

“  The  graphite  lying  on  the  pit-bank  is  quartzose  and  of  poor  quality, 
but  naturally  the  best  would  not  be  left  behind  by  the  prospectors.  It  is 
impossible  to  say  what  the  prospects  are  from  a  surface  examination,  but 
the  lack  of  linear  extension  does  not  give  much  hope  of  finding  a  large 
deposit.” 

8.  Clyde  District. — Skey  (Lab.  No.  5,  1870,  p.  14)  states  :  “  No.  666, 
graphite  from  the  Clyde,  Dunstan,  on  being  analysed,  gave  the  following 
results  :  Water,  3-5  per  cent.  ;  earthy  matters,  51-1  per  cent.  ;  carbon, 
45-4  per  cent.  These  results  show  that  the  sample  compares  very  favour¬ 
ably  with  several  of  the  blackleads  used  in  commerce.”  Skey’s  sample 
may  have  come  from  the  Hawksburn  deposit,  as  may  also  the  specimen 
in  the  Otago  Museum  described  by  Liversidge  as  “  rather  loose  and  friable, 
impure  ”  (Trans.,  vol.  10,  1878,  p.  490). 
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9.  Orari  Gorge,  South  Canterbury. — Skey  states  that  an  impure  graphite 
from  Orari  Gorge  has  the  following  composition  :  Carbon,  20-62  per  cent.  ; 
water,  0-59  per  cent.  ;  earthy  matters,  78-79  per  cent.  Lab.  No.  15,  1878, 
p.  36,  No.  2681.  Collected  by  Mr.  C.  G.  Tripp.  See  also  analyses  of 
material  from  Woodbury,  quoted  on  a  later  page. 

10.  Mount  Potts,  Canterbury. — Cox  states  (p.  364)  that  in  1878  Mr. 
Alex.  McKay  collected  a  very  pure  sample  of  graphite  from  the  Glossopteris 
(. Linguifolium  of  Newell  Arber)  beds  of  Mount  Potts.  This  contained — 
Carbon,  90-17  per  cent.  ;  water,  3-61  per  cent.  ;  siliceous  matter,  6-22  per 
cent.  .Ash  reddish.  “  Although  so  rich  in  carbon  it  has  not  that  unctuous¬ 
ness  which  distinguishes  the  more  valuable  graphites,  but  appears  indurated 
and  granular,  defects  which  must  depreciate  its  value  very  considerably.” 
Lab.  No.  13,  1878,  pp.  22-23,  35,  No.  1987.  The  locality  is  not  given  by 
Skey,  but  Cox’s  statement  enables  it  to  be  ascertained. 

11.  Malvern  Hills. — Cox  states  (p.  364)  that  during  1878  a  sample  of 
graphite  shale  from  the  Malvern  Hills  was  forwarded  to  the  Colonial 
Museum  by  the  Hon.  Mr.  Ackland. 

12.  Otira  District  and  Arthur's  Pass. — Some  of  the  rocks  in  the  Otira 
and  Bealey  district  contain  a  good  deal  of  carbonaceous  matter.  A  large 
sample  of  impure  graphite  from  a  bed  between  Otira  and  Arthur’s  Pass 
was  among  the  Westland  exhibits  at  the  Christchurch  International  Ex¬ 
hibition,  1906-7.  The  material  was  not  crystalline  or  “  flake  ”  graphite, 
but  probably  could  be  classed  as  “  amorphous  ”  graphite.*  A  specimen  in 
the  Canterbury  Museum  obtained  86  chains  from  the  Otira  end  of  Arthur’s 
Pass  Tunnel  is  labelled  as  “  graphite.” 

13.  Paparoa  Range.- — In  places  the  argillites  of  the  Paparoa  Range 
(age  probably  Ordovician)  are  poorly  carbonaceous  or  graphitic.  Some  of 
the  quartz  in  the  auriferous  veins  may  also  be  graphitic.  Skey  states 
(Lab.  No.  31,  1898,  p.  21)  that  a  piece  of  mineral  forwarded  by  the  Mines 
Department  among  some  samples  from  the  Paparoa  Range  contained  10-24 
per  cent,  of  graphite.  The  exact  locality  of  this  sample  is  not  stated,  and 
it  is  quite  possible  that  it  did  not  come  from  any  part  of  the  Paparoa 
Range. 

14.  Reef  ton. — Graphite  occurs  in  small  quantity  in  the  rocks  and  quartz 
lodes  of  the  Reefton  district.  McKay  [Rep.  Geol.  Explor.,  No.  15,  1883, 
pp.  110,  111,  120,  129,  &c.)  mentions  bituminous  mudstone  and  black 
limestone  as  occurring  at  Rainy  Creek,  Lankey’s  Gully,  &c.  A  specimen 
of  black  bituminous  pyritous  mudstone  (or  argillite)  which  was  analysed 
in  the  Colonial  Laboratory  was  found  to  be  of  a  graphitic  character 
(pp.  115,  116  of  report  cited).  According  to  McKay,  graphite  occurs 
plentifully  at  the  Specimen  Hill  Mine,  coating  the  flakes  and  laminae  of 
quartz  (pp.  129,  134  of  report). 

15.  Waimangaroa. — In  1899  the  Assistant  Inspector  of  Mines  for 
warded  a  sample  of  poor  graphitic  sandstone  from  Waimangaroa  to  the 
Colonial  Laboratory.  Its  analysis  was — Water,  3-46  per  cent.  ;  carbon, 
7-15  per  cent.  ;  siliceous  matter,  89-39  per  cent.  Lab.  No.  33,  1900,  p.  15, 
No.  8547. 

16.  Wangapeka  District. — Some  of  the  metalliferous  lodes  of  the  Wanga- 
peka  district  contain  a  good  deal  of  graphite.  A  sample  of  dolomitic  or 
magnesian  limestone  from  the  Rolling  River,  forwarded  to  the  Colonial 


*  For  an  explanation  of  the  terms  “  flake  ”  and  “  amorphous,”  see  a  later  page,  under 
the  heading  “  General  Remarks.” 
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Laboratory  in  1884  or  1885,  was  found  to  contain  0-32  per  cent,  of 
graphite.  Lab.  No.  20,  1886,  p.  42,  No.  3940. 

17.  Upper  Takaka  District. — A  sample  of  graphitic  rock  from  the  Upper 
Takaka  Valley  was  forwarded  in  1916  to  the  Mines  Department  by  Mr.  F. 
Chaffey  (or  by  Chaffey  and  Porter,  prospectors).  Lab.  No.  50,  1917,  p.  38, 
No.  G  92  (wrongly  recorded  as  “  Takatea  River,  Pokororo  ”).  In  a  manu¬ 
script  note  Dr.  Maclaurin  states  that  the  sample  is  a  magnesian  rock 
partly  coated  with  graphite.  There  is,  however,  not  sufficient  graphite  in 
the  stone  to  make  it  of  any  commercial  value. 

18.  Gouland  Downs. — Park  states  that  nests  of  very  poor  graphite  occur 
in  black  slates  at  Gouland  Downs  [Rep.  Geol.  Explor.,  No.  20,  1890,  p.  236). 

19.  Golden  Ridge ,  Nelson. — The  quartz  in  the  auriferous  veins  of  the 
Golden  Ridge  district,  south-west  of  Collingwood,  is  “  usually  coated  or 
mixed  with  graphite  ”  (Bull.  No.  3,  1917,  p.  91).  The  auriferous  lodes  of 
this  district  are  contained  in  or  adjoin  a  band  of  coal-black  carbonaceous 
argillite  which  nowhere  exceeds  20  ft.  in  width.  This  contains  nests  of 
very  poor  graphite  (Park,  report  already  cited,  p.  236). 

20.  Motupipi,  Nelson. — A  specimen  of  graphite  in  the  Canterbury 
Museum  is  labelled  “  Motupipi.” 

21.  Pariwhakaoho  Stream ,  Parapara  District.— Cox  in  a  report  states 
that  pieces  of  graphite,  generally  of  an  impure  character,  may  be  picked 
up  in  most  of  the  creeks  south  of  Parapara.  In  the  ranges  at  the  head 
of  the  Puruwhakaho  (Pariwhakaho)  he  observed  “bituminous  schists  ”  in 
situ  containing  specimens  of  a  very  fair  class  of  plumbago.  He  did  not, 
however,  see  any  well-defined  veins  of  the  pure  mineral,  and  the  locality 
was  one  that  could  not  be  got  at  without  considerable  expense  (Rep.  Geol. 
Explor.,  No.  14,  1882,  pp.  46-47). 

22.  Collingwood  District. — The  Ordovician  rocks  of  the  Collingwood 
district  include  graphitic  schists  and  phvllites.  The  following  analyses 
are  attributed  to  Collingwood  or  its  neighbourhood  : — 


(1.) 

(2.) 

(3.) 

Carbon 

. .  66*86 

33*62 

37*38 

Water 

.  .  0*85 

0*60 

4*20 

Ash 

. .  32*29 

65*78 

58*42 

100*00 

100*00 

100*00 

(1.)  From  Ruatanawha  (Ruataniwha)  Creek,  Collingwood.  Lab.  No.  7, 
1872,  p.  19,  No.  1231.  The  list  on  p.  31  gives  Hector  as  the  collector,  and 
Red  Hill  Reef  as  the  locality.  Skey  states  that  the  sample  is  the  best 
“  that  has  yet  been  found  in  New  Zealand,  and  is  quite  equal  to  Mexican 
graphite.” 

(2.)  Forwarded  by  Mr.  A.  D.  Bayfeild.  Lab.  No.  18,  1883,  p.  51. 

(3.)  Forwarded  by  French  Consul  for  New  Zealand.  Lab.  No.  31,  1898, 
pp.  13-14. 

23.  Pakawau. — Owing  to  a  graphite-mine  having  once  been  worked  in 
the  Pakawau  district,  a  considerable  amount  of  useful  information,  though 
in  some  respects  curiously  incomplete,  has  been  obtained.  Hochstetter 
states  that  in  1861  Curtis  brothers  opened  extensive  beds  of  plumbago 
near  Pakawau  (note  on  p.  477  of  New  Zealand,  English  translation,  1867). 
According  to  Cox,  in  Jurors'  Report ,  N.Z.  Exhibition,  Dunedin,  1865, 
pp.  34,  417,  Dr.  Hector  (Sir  James  Hector)  states  that  graphite  occurs 
at  Pakawau,  near  Collingwood,  in  thick  beds  inters tratified  with  meta¬ 
morphosed  shale.  Compressed  samples  were  found  to  be  quite  equal  in 
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colour  and  brilliancy  to  that  commonly  sold  in  packets  for  domestic  use. 
Analyses  were  - 


(10 

(2.) 

(3.) 

Carbon 

.  .  37-60 

30-03 

58-10 

Wa.ter 

. .  2-00 

1-35 

2-68 

Ash 

. .  60-40 

68-62 

39-22 

100-00 

100-00 

100-00 

Cox  (p.  65)  describes  the  graphite  from  Pakawau  as  more  or  less 
schistose,  and  varying  a  good  deal  as  regards  purity.  A.  Liversidge,  in 
Trans.,  vol.  10,  1878,  p.  490,  describes  a  sample  of  Nelson  (Pakawau) 
graphite  in  the  Otago  Museum  as  compact,  with  lamellar  and  petaloidal 
structure,  and  requiring  purification  to  render  it  of  commercial  value. 

In  1889  Park  visited  the  old  graphite-mine  near  Pakawau,  and  described 
it  as  follows  (Rep.  Geol.  Explor.,  No.  20,  1890,  p.  205)  :  “  Plumbago-mine. — 
The  old  workings  at  this  place  are  situated  on  the  rising  ground  at  the 
south-west  corner  of  the  Pakuwau  Inlet.  The  graphite  is  largely  mixed 
with  quartz  and  earthy  impurities.  It  occurs  as  a  bed  about  7  in.  thick, 
contained  in  blown  arenaceous  mica-schists,  which  are  overlain  by  hard 
siliceous  sandstones  and  cherts,  forming  the  higher  portion  of  Mount  Misery.” 
A  section  given  by  Park  shows  that  the  graphite  layer  outcrops  where  some 
terraced  flats  end  and  hilly  country  begins.  It  is  represented  as  dipping 
at  an  angle  of  nearly  80°  to  the  westward. 

The  following  analyses  are  believed  to  represent  graphite  from  the 
district,  though  the  last  three  (Nos.  5,  6,  7)  are  ascribed  to  Nelson,  and 
there  is  no  clue  by  which  to  trace  their  further  origin 


(10 

(2.) 

(3.) 

(4.) 

(5.) 

(6.) 

(7.) 

Carbon 

. .  34-40 

51-62 

31-77 

28-27 

34-05 

39-19 

52-12 

Water 

0-59 

0-40 

0-02 

4-12 

1-19 

1-17 

2-02 

Ash 

.  .  65-01 

47-98 

68-21 

67-61 

65-76 

59-64 

45-86 

100-00 

100-00 

100-00 

100-00 

101-00 

100-00 

100-00 

(1)  (2).  Lab.  No.  18,  1883,  p.  51.  No.  1  is  from  the  “New  Lease,” 
as  taken  from  the  ground,  undressed.  No.  2  is  crude  chips,  moulded, 
washed,  and  pulverized.  These  samples  were  contributed  by  Mr.  John 
Bathgate,  and  are  recorded  as  from  Nelson.  The  “  New  Lease  ”  was 
probably  near  Pakawau  (see  below). 

(3.)  From  Pakawau,  forwarded  by  Mr.  W.  J.  Hunt.  Lab.  No.  26,  1892, 
p.  30. 

(4.)  From  Pakawau,  forwarded  by  Messrs.  Turnbull  and  Co.  Lab. 
No.  31,  1898,  p.  13. 

(5)  (6).  From  Nelson,  forwarded  by  Messrs.  Olivecrona  and  McDonald. 
Lab.  No.  31,  1898,  p.  14. 

(7.)  From  Nelson,  forwarded  by  Mr.  George  Robertson.  Lab.  No.  34, 
1901,  p.  11. 

A  map  or  “  General  Plan  of  the  Collingwood  District,”  published  in 
Rep.  Geol.  Explor.  No.  8,  1877,  opposite  page  lv,  shows  the  Pakawau 
Plumbago-mine  as  situated  somewhat  over  a  mile  south-west  of  Pakawau 
Inlet.  Fully  two  miles  south-west  of  this  again  is  an  area  on  the  north 
east  side  of  Mount  Burnett  marked  “  Plumbago  Lease.”  This  is  possibiy 
the  locality  designated  “  New  Lease  ”  in  Lab.  No.  18,  p.  51  (see  abore), 
but  there  is  no  solid  evidence  for  this  supposition. 
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In  May,  1918,  a  sample  of  graphite  from  Pakawau  was  forwarded  to  the 
Geological  Survey  by  Mr.  W.  F.  Worley,  of  Nelson.  This  consisted  both 
of  lumps  and  of  fine  material,  and  was  in  general  of  lustrous  appearance, 
but  some  of  the  lumps  were  dull,  and  all  were  much  harder  than  pure 
graphite  would  be.  Part  of  the  sample  was  analysed  at  the  Dominion 
Laboratory,  with  the  following  results  :  Carbon,  32-6  per  cent.  ;  water, 
0-5  per  cent.  ;  ash,  66-9  per  cent.  Dr.  Maclaurin  states  :  “  The  carbon 
appears  to  be  intermediate  in  form  between  antharcite  and  graphite.  It 
burns  off  too  readily  to  be  used  as  a  stove-polish,  nor  does  it  appear  to 
be  suitable  for  lead-pencils.  Experiments  conducted  with  a  view  to  con¬ 
centration  did  not  give  encouraging  results,  only  a  slight  concentration 
being  effected  by  panning.” 

Another  portion  of  Mr.  Worley’s  sample,  which  included  rather  more 
of  the  better-looking  material  than  that  sent  to  the  Dominion  Laboratory, 
was  submitted  to  the  Morgan  Crucible  Company  (Limited),  Battersea,  Eng¬ 
land.  The  following  analysis  has  been  supplied  by  the  company  in  a  letter 
dated  21st  August,  1918  :  Carbon,  39-2  per  cent.  ;  volatile  matter,  2-9  per 
cent.  ;  ash,  57*9  per  cent.  The  graphite  is  reported  as  probably  not  saleable 
on  the  London  market  in  the  condition  represented  by  the  above  analysis, 
and  even  if  concentrated  to  90  per  cent,  carbon  would  not  be  of  much  value, 
owing  to  its  being  in  the  non-crystalline  form. 

24.  WaJcamarama  Range. — Cox  states  (p.  364)  that  in  1871  samples  of 
graphite-shale  were  forwarded  from  Wakamarama  by  Mr.  A.  J.  Burne. 
These  samples  were  the  same  as  those  mentioned  by  Skey  in  Lab.  No.  7, 
1872,  p.  19,  Nos.  1142/A,  B,  of  which  he  gives  the  following  analyses  : — 


Carbon 

1142/A. 

..  31-14 

1142/B. 

22-59 

Water 

,  , 

M2 

0-66 

Earthy  matter 

. .  67-74 

76-75 

100-00 

100-00 

According  to  the  list  on  page  26  of  the  report  cited,  these  samples  were 
forwarded  by  Mr.  Johnson  from  the  Wakamarama  Ranges.  This  gentle¬ 
man  was  probably  the  Mr.  Johnson  connected  with  several  mining  ventures 
in  Nelson  many  years  ago. 

25.  North-west  Nelson.—  The  last  eight  or  nine  localities  mentioned  are 
in  north-west  Nelson,  but  a  few  general  remarks  may  be  made.  The 
schists  and  phyllites  (“  slates  ”)  of  this  part  of  New  Zealand  are  highly 
graphitic  in  many  places.  Cox  speaks  of  bituminous  schists  in  the  Para- 
para  district  (Rep.  Geol.  Explor.,  No.  14,  1882,  p.  44,  &c.)  ;  McKay  of 
bituminous  schists  and  carbon  slates  in  the  Baton  and  Wangapeka  dis¬ 
tricts  (Rep.  Geol.  Explor .,  No.  12,  1879,  p.  124)  ;  Park  of  black  graphitic 
slates  (with  graptolites)  at  Golden  Ridge,  Gouland  Downs,  Quartz  Ranges, 
Kaituna  Valley,  &c.,  and  of  black  slate  passing  into  bituminous  limestone 
south  of  the  Parapara  River  (Rep.  Geol.  Explor.,  No.  20,  1890,  p.  236)  ; 
Bell,  Webb,  and  Clarke  of  graphite  schists  near  the  mouth  of  the  Boulder 
River,  on  the  track  to  the  Quartz  Ranges,  on  the  Anatoki  River,  and  in 
Washbourn  Block  south  of  Parapara  Inlet  (Bull.  No.  3,  1907,  p.  42),  and 
of  graphitic  phyllites  at  Silverstream,  in  Wakefield  Gully,  and  at  the  head 
of  the  Paturau  River  (Bull.  No.  3,  p.  44).  The  last-named  authors  also 
mention  that  carbonaceous  argillites  are  seen  in  Slaty  Creek,  in  Fifteen- 
mile  Creek,  and  at  many  other  places  in  Aorere  and  Waitapu  Survey  Dis¬ 
tricts  (Bull.  No.  3,  p.  44).  They  evidently  include  the  black  graptolite- 
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bearing  argillite  of  the  Golden  Ridge  in  their  carbonaceous  argillites,  but 
presumably  the  carbon  in  all  cases  is  graphitic.  Probably,  however,  it 
should  be  classed  as  “  amorphous  ”  rather  than  as  “  flake  ”  graphite.  The 
terms  “amorphous”  and  “flake”  are  here  used  in  the  commercial  sense. 
Por  definitions  see  a  later  page,  under  the  heading  “  General  Remarks.” 

A  graphitic  phyllite  from  Silvers tream  contained  4-63  per  cent,  of 
carbon  (Bull.  No.  3,  p.  44).  Two  samples  of  44  carbon  slate  ”  from  Bedstead 
Gully,  Collingwood  district,  collected  by  Sir  James  Hector  about  1878, 
were  found  by  Skey  to  contain  2*04  and  2-78  per  cent,  of  carbon.  Lab. 
No.  14,  1879,  pp.  28,  49. 

The  darker-coloured  marbles  of  the  Pikikiruna  Range,  &c.,  probably 
owe  their  colour  to  disseminated  graphite,  which  has  been  found  to  be 
present  in  some  samples. 

A  consideration  of  the  available  data  makes  it  appear  that  the  chances 
of  finding  workable  graphite  deposits  in  north-west  Nelson  are  good 
Research  work  in  order  to  determine  the  nature  of  the  graphitic  material 
in  the  rocks  of  the  region  is  necessary.  If  it  can  be  classed  as  “  flake 
graphite  the  chances  of  finding  a  deposit  sufficiently  valuable  to  pay 
for  concentration  are  necessarily  greater  than  if  the  graphite  is  of  the 
44  amorphous  ”  variety,  as  is  the  case  with  the  Pakawau  deposit. 

26.  Avondale,  Wairau  Valley. — In  Lab.  No.  25,  1891,  p.  61,  Skey  writes, 
44  No.  5530  is  a  graphite  of  great  purity  purported  to  have  been  found  at 
Avondale,  Marlborough,  and  forwarded  here  by  Mr.  C.  Teschemaker  for 
indentification.  Analysis  :  Carbon,  89-49  per  cent.  ;  water  and  loss  on 
ignition,  5-65  per  cent.  ;  earthy  matters,  4-86  per  cent.”  Skey  quotes  from 
a  letter  sent  by  Sir  James  Hector  to  the  contributor,  but  apparently 
nothing  came  of  the  correspondence.  The  presence  of  graphite  in  the 
Avondale  district  seems  to  have  been  doubted  by  Skey,  but  the  fact  that 
in  later  years  several  samples  of  graphite  or  graphitic  material  were 
forwarded  by  Mr.  Teschemaker  to  the  Colonial  Laboratory  confirms  its 
existence.  These  samples  are  mentioned  in  the  lists  contained  in  Lab. 
Nos.  27,  28,  and  35,  but  no  analyses  are  given.  (See  list  of  references  at 
end  of  this  report.) 

27.  Picton  District. — Some  of  the  ancient  rocks  in  the  Picton  district 
contain  graphite.  About  1882  Mr.  John  Renfrew  forwarded  a  sample 
of  graphitic  slate  to  the  Colonial  Laboratory  (Lab.  No.  18,  1883,  p.  65, 
No.  3339/2).  In  1900  the  Hon.  Mr.  Reeves  forwarded  a  black  soft 
shale  from  Picton,  which  contained — Water,  18-24  per  cent.  ;  graphite, 
2-64  per  cent.  ;  clay  and  sand,  79-12  per  cent.  Lab.  No.  34,  1901,  p.  11, 
No.  8815. 

28.  Wellington  District.- — In  many  places  the  argillites  and  greywackes 
of  the  Wellington  District  contain  carbonaceous  material,  but  it  is  doubtful 
if  true  graphite  is  present  in  more  than  traces.  J.  C.  Crawford,  as  quoted 
by  Cox,  states,  44  Thin  seams  of  an  impure  graphite  are  found  at  a  great 
variety  of  places — on  the  Pitone  (Petone)  Road,  near  Wellington  ;  at  the 
Mungaroa  Hill ;  at  various  points  on  the  Rimutaka  Mountains  ;  in  the 
mountain  part  of  the  valleys  of  the  Waiohine,  the  Waingawa,  and  the 
Ruamahanga  ;  in  the  Waikanae,  the  Akatarewa,  and  particularly  in  the 
upper  part  of  the  Otaki  valleys.”  (Trans.,  vol.  1,  2nd  ed.,  1875,  p.  309  ; 
and  Cox,  p.  364.) 

Skey  states  that  a  graphitic  mineral  occurs  at  a  point  about  fourteen 
miles  from  Wellington.  It  has  the  following  composition  :  Carbon,  66-71 
per  cent.  ;  water,  8’91  per  cent. ;  siliceous  matters,  24-38  per  cent. 
Lab.  No.  13,  1878,  pp.  23,  35,  No.  1991.  Contributed  by  Mr.  Beere. 
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In  1898  Mr.  Alex.  McKay  forwarded  a  sample  of  graphitic  sandstone 
from  Wairarapa  to  the  Colonial  Laboratory.  The  composition  of  this 
was  as  follows  :  Carbon  as  graphite,  15T8  per  cent.  ;  water,  5T1  per  cent.  ; 
earthy  matter,  79-71  per  cent.  Lab.  No.  32,  1899,  p.  8,  No.  7937. 

29.  Hawke’s  Bay. — The  rocks  of  the  Ruahine  Range,  like  those  of  the 
Rimutaka  and  Tararua  Ranges,  are  carbonaceous  and  perhaps  graphitic 
in  places.  The  following  analysis  refers  to  graphitic  shale  collected  by 
Mr.  A.  Harding  at  Kereru  :  Fixed  carbon,  12-52  per  cent.  ;  hydrocarbon,, 
traces  ;  water,  5-21  per  cent.  ;  ash,  82-27  per  cent.  Lab.  No.  26,  1892, 
p.  27,  No.  5635. 

30.  Mount  Egmont. — Pieces  of  graphite,  some  of  excellent  quality,, 
have  been  found  in  several  places  on  the  lower  slopes  of  Mount  Egmont, 
usually  in  stream-beds.  There  is  little  hope  of  the  mineral  being  found 
in  quantity,  but  at  present  prices*  even  small  lumps  are  worth  collecting. 
About  1878  Mr.  P.  E.  Cheal  forwarded  a  specimen  of  graphite  discovered 
in  Waiokura  Creek,  near  Waimate,  Taranaki,  to  the  Colonial  Museum  and 
Laboratory.  Portions  of  this  yielded  the  following  results  to  analysis  : — 


(1.) 

(2.) 

Fixed  carbon 

86-9 

92-5 

Volatile  matter  (including  water) 

6-6 

4-5 

Ash 

6-5 

3-0 

100-0 

100-0 

Lab.  No.  14,  1879,  pp.  27-28,  No.  2386. 

In  January,  1881,  Mr.  G.  Draper  forwarded  to  the  Colonial  Laboratory 
a  sample  of  graphite  obtained  from  a  locality  near  Mount  Egmont,  where 
it  occurred  in  water-worn  masses.  The  sample  had  the  following  com¬ 
position  :  Carbon,  61-73  per  cent.  ;  water,  1-98  per  cent.  ;  siliceous  matterr 
36-29  per  cent.  Lab.  No.  16,  1882,  p.  31,  No.  2872. 

Probably  Mr.  Draper’s  sample  was  that  mentioned  by  Park  (Rep.  Geol. 
Explor.,  No.  18,  1887,  p.  179)  as  having  been  found  by  Mr.  J.  White  in  the 
bed  of  the  Kapokonui  (Kaupokonui)  River,  some  miles  west  of  Manaia,  at  a 
point  about  3  chains  below  the  bridge  on  the  main  road  from  Hawera  to 
Opunake.  The  original  boulder  was  about  1  ft.  in  diameter,  and  had  a  mass 
of  brown  sandstone  adhering  to  one  side. 

A  specimen  of  graphite  found  near  a  branch  of  the  Mangorei  Stream 
was  shown  a  few  years  ago  to  Mr.  W.  Gibson,  at  that  time  a  member  of 
the  Geological  Survey  staff.  Mr.  Gibson  made  a  careful  search  for  further 
specimens,  but  none  was  found. 

31.  Hauraki  Goldfield. — From  time  to  time  specimens  of  graphite,  no 
doubt  similar  in  origin  to  those  found  near  Mount  Egmont,  have  been 
reported  from  the  Hauraki  Goldfield.  In  1897  or  thereabouts  a  sample 
brought  to  the  Thames  School  of  Mines  consisted  of  lamellar  or  platy 
graphite,  which  on  analysis  was  found  to  contain  a  high  percentage  of  fixed 
carbon.  Pieces  of  wood,  usually  silicified,  but  in  many  cases  still  containing 
more  or  less  carbon,  are  of  common  occurrence  in  tuffs,  Ac.  Carbonized 
wood  occurs  in  the  Waihi  tridymite-rhyolite  at  the  Grand  Junction  and 
Waihi  Mines.  These  occurrences  indicate  the  possible  origin  of  the  graphite 
found  elsewhere.  Coaly  or  carbonaceous  seams  are  also  found  in  many 
parts  of  the  Hauraki  Goldfield,  and  in  places  are  considerably  affected 
by  contact  with  volcanic  rocks.  The  following  analysis  of  a  coaly  seam 


*  Written  in  August,  1918.  Since  the  armistice  was  declared  the  prices  of  graphite 
and  many  other  mineral  substances  have  fallen  heavily. 
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encountered  in  the  deep  levels  of  the  Kapanga  Mine,  Coromandel,  may 
be  quoted  :  Fixed  carbon,  41-6  per  cent.  ;  volatile  hydrocarbon,  6-4  per 
cent.  ;  moisture,  3-0  per  cent.  ;  ash,  49-0  per  cent.  Analyst,  H.  E.  Met¬ 
calfe,  Thames  School  of  Mines.  Mines  Report,  Pari.  Paper  C.-3,  1900, 

p.  10. 

Samples  of  quartz  from  the  Waihi  Gold-mine  have  been  found  on 
analysis  to  contain  small  amounts  of  free  carbon,  but  it  is  not  known 
whether  this  is  in  the  form  of  graphite  or  not. 

32.  Mangawhare,  North  Auckland. — A  sample  of  graphitic  material  in 
the  Canterbury  Museum  is  labelled  as  from  Mangawhere  (presumably 
Mangawhare). 

33  Rangiahau,  Hokianga  County. — In  1902,  Mr.  J.  Ogle  forwarded 
from  Rangiahau  a  sample  of  impure  graphite  which  had  the  following  com¬ 
position  :  Water,  1-6  per  cent.  ;  graphite,  44-8  per  cent.  ;  earthy  matters, 
53-6  per  cent.  Lab.  No.  36,  1903,  p.  6,  No.  9415. 

34.  Miscellaneous  Occurrences  of  Graphitic  Rock. — The  reports  of  the 
Colonial  or  Dominion  Laboratory  mention  a  number  of  graphitic  samples, 
analyses  of  which  are  not  published.  In  most  cases,  however,  analyses 
or  notes  relating  to  the  samples  are  no  doubt  recorded  in  the  Laboratory 
manuscripts.  Though  not  complete,  the  following  list,  selected  from 
Laboratory  reports,  may  be  of  some  use,  as  indicating  localities  where 
graphitic  material  occurs.  The  numbers  in  brackets  are  the  Laboratory 
numbers. 

Lab.  5,  1870,  p.  19.  Clyde  (666 — graphite)  ;  Bedstead  Gully,  Colling- 
wood  (707). 

Lab.  6,  1871,  p.  33.  Glengyle  Claim,  Collingwood  (985). 

Lab.  8,  1873,  p.  26.  Picton  (1390)  ;  Auckland  (1402a). 

Lab.  9,  1874,  pp.  32,  33.  Waitotara  (1497)  ;  Picton  (1440,  1443 — 
graphite). 

Lab.  13,  1878,  pp.  26,  36,  37.  Sailors’  Gully,  Collingwood  (2010)  ; 

Aniseed  Valley  (2028b)  ;  Parapara  (2030)  ;  Sailors’  Gully  (1992). 

Lab.  15,  1881,  p.  51.  Dusky  Bay  (2539 — graphite). 

Lab.  16,  1882,  p.  59.  Mount  White  River  (2852c)  ;  Rockwood  (2853)  ; 
Wainuiomata  (2964)  ;  Johnsonville  (2968). 

Lab.  18,  1883,  pp.  65,  66.  Reefton  (3316)  ;  Terawhiti  (3383)  ;  Hoki¬ 
tika  (3384/1);  Auckland  Plumbago  -  mining  Company  (3419  — 
plumbago). 

Lab.  19,  1885,  pp.  46,  47.  Makara  (3567)  ;  Malvern  Hills  (3773 — 

plumbago). 

Lab.  20,  1886,  pp.  61,  62.  Waitotara  (3975)  ;  Mikimiki  Creek  (3885). 

Lab.  21,  1886,  pp.  59,  62.  Dusky  Bay  (4052 — graphite)  ;  Tokatea 

(4087)  ;  Moutoa,  Foxton  (4234). 

Lab.  22,  1887,  pp.  63,  64.  Waihi  Gorge,  South  Canterbury  (4485)  ; 
Springfield  (4497 — graphite)  ;  Oxford  (4537). 

Lab.  24,  1890,  pp.  47,  48.  Waingawa  (4919 — carbonaceous  rock)  ; 
Porirua  (5176)  ;  Wellington  (5219). 

Lab.  25,  1891,  p.  90.  Marlborough  (5560 — see  also  5530,  p.  91)  ; 

Napier  (5583). 

Lab.  26,  1892,  p.  51.  Hutt  (5753). 

Lab.  27,  1893,  pp.  63,  64.  Mangapai  (5837)  ;  Avondale,  Marlborough 
(5843,  5988 — graphite)  ;  Wellington  (6004)  ;  Bay  of  Islands  (6054 — 
graphite). 

Lab.  28,  1894,  pp.  43,  44.  Makara  (6236)  ;  Karori  (6272)  ;  Avondale, 
Marlborough  (6596). 
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Lab.  29,  1895,  p.  37.  Takaka  (6683)  ;  Ruamahanga  River  (6762). 

Lab.  30,  1897,  p.  36.  Picton  (7217/A,  B — graphite). 

Lab.  31,  1898,  pp.  43,  44.  Pakawau  (7576 — graphite)  ;  Nelson  (7685- 
plumbago)  ;  Waikaka  (7418). 

Lab.  33,  1900,  p.  41.  Hutt  (8452). 

Lab.  34,  1901,  p.  38.  Nelson  (8785 — graphite). 

Lab.  35,  1902,  p.  27.  Avondale,  Marlborough  (9139 — graphite). 

Lab.  40,  1907,  p.  37.  Woodbury,  South  Canterbury  (532/1,  2 — graphite). 

Lab.  41,  1908,  p.  36.  Murray  Creek,  Reefton  (1144 — graphite)  ;  Para- 
para  (1217). 

Lab.  42,  1909,  p.  45.  Anatori  River,  Nelson  (1643/1,  2).  Neither 
sample  contained  graphite. 

Lab.  49,  1916,  p.  38.  Collingwood  (1011/1,  2). 

Analyses  of  the  material  from  Woodbury,  South  Canterbury  (Lab.  40) 
as  contained  in  Geological  Survey  records  are — - 


(1.) 

(2.) 

Carbonaceous  matter  . . 

. .  14-4 

8-7 

Water 

1-4 

0-9 

Ash  .. 

. .  84*2 

90-4 

100-0 

100-0 

(1)  From  Tripp’s  country,  Woodbury.  (2)  From  Black  Hill. 

The  samples  were  forwarded  by  Mr.  J.  M.  Barber  to  the  Geological 
Survey  in  May  or  June,  1906.  Dr.  Maclaurin  remarks  that  they  “  are 
not  true  graphites,  but  merely  altered  coal.” 

General  Remarks. 

The  numerous  records  of  graphite  occurrences  in  New  Zealand  indicate 
a  probability  of  workable  deposits  being  found  if  search  is  made,  especially 
in  north-west  Nelson.  Three  kinds  of  natural  graphite — namely,  crystal¬ 
line,  flake,  and  amorphous — are  mentioned  in  market  reports.  Crystalline 
graphite  is  the  nearly  pure  material,  found  in  pockets  and  lenses,  which 
can  be  put  on  the  market  without  any  preliminary  treatment.  At  the 
present  time  far  the  largest  supplies  come  from  Ceylon.  Flake  graphite 
is  the  same  material  as  crystalline  graphite,  but  has  been  produced  from 
less  pure  deposits  by  some  process  of  concentration.  Amorphous  graphite 
is  in  part  not  true  graphite  at  all,  but  altered  coaly  material  which  has 
lost  all  its  hydrocarbon,  though  it  has  not  undergone  the  molecular  change 
required  to  reach  the  stage  of  graphite  as  known  to  the  mineralogist.* 
Such  material  has  no  heat-resisting  power,  nor  is  it  suitable  for  the  manu¬ 
facture  of  lead-pencils,  &c.  Since  1897  artificial  graphite  has  been  made 
in  large  quantity  in  the  electric  furnace. 

Crystalline  and  flake  graphite  are  used  mainly  for  making  “  plumbago  ” 
crucibles,  stove-polish,  foundry  facings,  paint,  lubricating,  lead-pencils, 
glazing  (gunpowder,  &c.),  electro  typing,  and  steam-packing.  Amorphous 
graphite  may  be  used  for  pencils,  foundry  facings,  paint,  &c.  Artificial 
graphite  is  used  for  the  manufacture  of  paint,  dry  batteries,  lubricants, 
and  for  electroplating  and  glazing.  What  are  known  as  graphitized  electrodes 
are  also  made  for  use  in  electric  furnaces. 


*  The  “  amorphous  ”  graphite  that  can  be  classed  as  true  graphite  is  minutely 
crystalline.  Hence  the  term  is  a  misnomer.  So-called  amorphous  graphite  is  either 
crystalline  or  it  is  not  graphite  at  all. 
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Prices  of  Graphite. 

Fifty  to  a  hundred  years  ago  and  more  the  production  of  graphite  was 
small,  and  very  high  prices — up  to  several  hundred  pounds  per  tonf-- 
were  obtained  for  the  mineral.  During  the  years  preceding  the  war  prices 
varied  considerably  at  the  points  of  production,  especially  in  Ceylon  ;  but, 
according  to  B.  Dunstan,  the  London  and  New  York  market  quotations 
varied  very  little  during  this  period,  or  in  1914  and  1915.  Crude  Ceylon 
graphite  during  1914  and  1915  was  worth  from  £14  to  £40  per  ton, 
according  to  quality  and  size.  Refined  Ceylon  with  97  to  99  per  cent, 
carbon  was  worth  £59  to  £63  per  ton  ;  with  90  to  97  per  cent,  carbon,  £40 
to  £62  per  ton  ;  with  80  to  89  per  cent,  carbon,  £30  to  £32  per  ton  ;  and 
with  70  to  79  per  cent,  carbon,  £27  to  £28  per  ton.  Madagascar  graphite 
was  apparently  worth  a  good  deal  less.  In  New  York  crude  Chosen 
(Korean)  graphite  was  worth  only  £4  or  £5  per  ton.  Amorphous  Mexican 
brought  from  £18  to  £37  per  ton  for  grades  suitable  for  lead-pencils. 

In  the  beginning  of  1916  the  war  made  its  influence  felt,  and  since  then 
the  price  of  graphite  suitable  for  crucibles  lias  risen  very  greatly,  and  that 
of  lead-pencil  and  blacklead  (stove-polish)  grades,  &c.,  has  risen  consider¬ 
ably.  In  February,  1917,  Ceylon  flake  suitable  for  crucible-manufacture 
was  worth  as  much  as  £144  per  ton.  About  the  same  time  lower  grades 
of  refined  flake  graphite  with  from  70  to  95  per  cent,  of  carbon  were  worth 
£20  to  £60  per  ton.  Since  graphite  crucibles  are  not  pure  carbon,  but 
contain  only  from  25  to  50  per  cent,  of  graphite,  it  is  difficult  to  understand 
why  the  price  of  a  95-per-cent,  concentrate  should  be  less  than  half  that 
of  a  98-  or  99-per-cent,  concentrate.  The  prices  just  quoted  are  given 
by  Dunstan  in  the  article  mentioned  below.  Another  source  of  information 
states  that  the  London  pre-war  price  of  graphite  averaged  £45  per  ton, 
and  that  in  the  early  part  of  1918  the  price  was  £100  to  £120  per  ton. 

In  the  Queensland  Government  Mining  Journal  for  September,  1917 
(vol.  18),  an  article  by  Mr.  B.  Dunstan,  Chief  Government  Geologist, 
entitled  “  Graphite/'  mentions  graphite  localities  in  Australia  and  else¬ 
where,  describes  the  mineral  characters  of  graphite,  its  mode  of  occurrence, 
methods  of  concentrating  and  grading,  purification,  uses,  production, 
prices,  &c.  The  article,  in  fact,  is  a  complete  summary  of  the  information 
regarding  graphite  needed  by  the  producer. 

Since  the  above  was  written  a  “press  bulletin  ’’  or  circular  dealing  with 
graphite  and  potash  has  been  received  from  the  United  States  Geological 
Survey.  This  states,  inter  alia ,  that  the  crystalline  graphite  used  for 
making  crucibles  should  contain  as  high  as  85  per  cent,  of  graphitic  carbon, 
and  should  be  free  from  mica,  pyrite,  and  iron  oxide,  which  are  particularly 
harmful.  It  ought  also  preferably  to  contain  a  large  proportion  of  flakes 
1  millimetre  (^U  in.)  or  more  in  diameter,  so  that  its  fragments  may 
interlock,  and  thus  be  more  easily  bound  together  by  the  clay  with  which 
it  is  to  be  mixed. 

The  total  production  of  crystalline  graphite  in  the  United  States  during 
1917  was  about  14,000,000  lb.  (including  stocks  on  hand  at  the  mines), 
but  for  various  reasons  sales  amounted  to  10,584,0801b.  only.  Of  this, 
6,816,913  lb.,  valued  in  English  money  at  about  £204,653,  was  flake 
graphite,  containing  from  80  to  90  per  cent,  of  graphitic  carbon.  The 
remainder,  3,767,177  lb.,  valued  at  £22,908,  was  dust  or  low-grade  flake, 
probably  averaging  under  50  per  cent.  The  high-class  material,  therefore, 


f  As  much  as  £2  per  pound  has  been  paid  for  best  Borrowdale  graphite. 
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brought  about  £67  per  long  ton  of  2,240  lb.,  and  the  low-grade  rather  less 
than  £14  per  long  ton. 

The  production  of  amorphous  graphite  in  1917  was  8,301  short  tons, 
valued  in  English  money  at  about  £15,308,  or  a  little  under  £2  per  short 
ton  and  a  little  over  £2  per  long  ton.  There  were,  however,  wide  variations 
in  the  prices,  no  doubt  arising  largely  from  the  fact  that  some  so-called 
amorphous  graphite  is  true,  finely  crystalline  graphite,  and  some  is  merely 
somewhat  altered  coaly  matter  (see  earlier  in  this  report). 

The  prices  received  in  1917  for  No.  1  or  best  flake  at  the  mines  varied 
from  13  to  18  cents  (6jd.  to  9d.)  a  pound  ;  Nos.  2  and  3  grades  brought 
6  to  10  cents  (3d.  to  5d.)  a  pound  ;  and  dust  brought  from  J  cent  to 

cents  (Jd.  to  fd.)  a  pound.  Purchasers  reported  slightly  higher  prices, 
and  occasionally  paid  as  much  as  lOd.  per  pound  for  special  lots.  Best 
Ceylon  graphite  brought  quite  50  per  cent,  more  than  the  best  American 
graphite.  Madagascar  graphite  was  sold  at  slightly  lower  prices  than  the 
latter.  Korean  graphite  was  sold  at  £9  7s.  6d.  to  £12  10s.  per  short  ton, 
or  £10  10s.  to  £14  per  long  ton. 

The  United  States  Geological  Survey  considers  that  if  freight  and 
labour  conditions  are  good  the  1918  production  of  flake  or  crucible  graphite 
will  be  double  that  of  1917,  though  many  thousand  tons  will  still  require 
to  be  imported.  The  non-crucible  graphite  requirements  will  probably  be 
fully  supplied  by  domestic,  artificial,  and  Mexican  production. 

If  any  deposit  of  good  flake  graphite  containing  even  6  or  8  per  cent, 
of  graphite,  provided  this  could  be  concentrated  to  a  high  grade,  were 
discovered  in  an  accessible  New  Zealand  locality  it  could  be  worked  at  a 
profit  under  present  conditions.  The  outlook  for  non-crucible  graphite  is 
not  so  good,  but  lead-pencil  grades  fetch  fairly  good  prices,  and  there  is 
no  doubt  that  stove-polish  can  be  profitably  manufactured  in  this  country 
if  graphite  containing  50  per  cent,  of  graphitic  carbon  can  be  produced  at 
a  moderate  cost. 


The  Technical  Analysis  of  Auckland  Clays.* 

By  A.  B.  Jameson,  M.Sc.,  New  Zealand,  Government  Research  Scholar 
(1913-14),  Department  of  Chemistry,  Auckland  University  College. 

Introduction. 

The  importance  of  the  brick  and  tile  industry  to  Auckland,  and  the 
possibility  of  developing  local  ceramic  industries  of  a  higher  grade,  make 
it  essential  to  investigate  fully  the  nature,  composition,  and  properties 
of  the  Auckland  clays.  The  subject  is  a  very  large  one,  and  in  the 
present  paper  an  attempt  is  made  rather  to  indicate  the  nature  of  the 
problems  and  to  suggest  avenues  of  further  research  than  to  supply 
complete  and  definite  information  on  any  special  part  of  it. 

The  clay  beds  of  Auckland  extend  in  an  almost  unbroken  sheet  from 
Riverhead,  around  the  northern  shores  of  the  Waitemata  Harbour,  to  Avon¬ 
dale  and  New  Lynn.  Between  the  latter  place  and  the  Manukau  Harbour 
they  are  broken  at  the  Whau  portage,  the  same  series  reappearing  in  the 


*  Summary  of  a  report  to  the  Education  Department.  Published  by  direction  of 
the  Board  of  Science  and  Art. 
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low-lying  area  between  the  Mannkan  Harbour  and  the  Tamaki  foreshore 
at  Whitford.  These  beds  are  regularly  stratified,  the  consistency  of  the 
strata  varying  from  a  very  plastic  to  a  fine  sandy  nature.  Also,  in  all 
localities  there  occurs  a  band  of  pure-white  water-worn  pumice  interstrati- 
fied  with  the  deeper  clay  beds.  A  similar  pumice  is  found  in  much  greater 
variety  of  texture  and  size  in  the  rhyolite  deposits  of  Ihumata,  which,  it 
is  reasonable  from  geological  evidence  to  suppose,  were  deposited  by  the 
Waikato  when  it  flowed  into  the  Manukau  Harbour.  It  is  probable  that 
the  material  of  the  clays  under  consideration  was  brought  down  by  the 
Waikato,  and  is  the  product  of  decomposition  of  the  rhyolitic  pumice 
occurring  in  the  upper  portions  of  the  Waikato  River. 

Methods  of  Analysis  of  Clays. 

Much  attention  has  of  recent  years  been  given  to  the  problem  of 
analysing  clays.  As  to  the  merits  of  the  various  methods  in  use  there 
is  much  difference  of  opinion,  but  it  is  generally  agreed  that  the  mere 
chemical  analysis  of  a  clay  into  its  constituent  oxides  is  inadequate. 
When  a  clay  is  fired  in  a  kiln,  fusion  and  chemical  action  go  on  almost 
entirely  on  the  surface  of  the  particles.  After  the  incipient  fusion,  or 
“  fritting,”  the  action  is  stopped.  Under  the  conditions  of  fritting,  it  is 
the  chemical  composition  of  the  smallest  particles  and  of  only  the  super¬ 
ficial  layers  of  the  larger  particles  that  determines  the  temperature  of  the 
incipient  fusion.  It  is  obvious,  therefore,  that  ultimate  chemical  analysis 
will  not  give  the  information  required.  Any  successful  method  of  practical 
analysis  must  state  its  results  in  terms  of  the  mineral  particles,  both  their 
chemical  composition  and  their  relative  size  being  determined. 

It  is  still  a  common  practice  to  attempt  to  calculate  these  mineral 
particles  from  the  ultimate  analysis,  as  is  shown  by  the  following  comment 
of  Searle  :  “  Some  clays  are  almost  destitute  of  feldspar  but  comparatively 
rich  in  mica,  while  others  are  the  reverse,  so  that  some  means  of  identifying 
them  is  essential.  When  this  is  not  used  the  curious  result  is  obtained 
that  German  chemists  calculate  the  alkalis,  &c.,  to  feldspar,  whilst  the 
French,  following  Voigt,  calculate  them  to  mica.  English  ceramic  chemists 
appear  undecided  as  to  which  course  to  follow,  and  some  of  them  occa¬ 
sionally  report  notable  amounts  of  feldspar  in  clays  quite  destitute  of  this 
mineral.”* 

To  be  satisfactory  a  method  of  technical  analysis  should  fulfil  the 
following  requirements : — 

(a.)  It  should  allow  of  reasonable  accuracy  in  determining  the  size, 
nature,  and  amount  of  the  extraneous  mineral  particles.  If 
possible,  it  should  also  be  generally  applicable  to  all  the  clays 
occurring  in  any  one  district,  for  otherwise  there  is  difficulty 
in  comparing  the  results  obtained. 

( b .)  The  information  supplied  should  be  in  a  form  useful  for  controlling 
the  actual  manufacturing  process.  It  should  give  a  manufacturer 
definite  information  as  to  the  behaviour  and  properties  of  his 
clays  in  the  fire  and  in  the  other  various  processes  of  the 
industry. 

The  first  attempt  to  meet  these  requirements  was  the  “  rational 
analysis  ”  of  Seger  (1876),t  which  is  still  the  basis  of  the  more  modern 


*  Searle,  The  Natural  History  of  Clay,  p.  143,  Cambridge  Univ.  Press,  1912. 
f  Fide  Searle,  loc.  cit.,  p.  141. 
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methods.  He  used  sulphuric  acid  of  a  determined  strength  to  decompose 
the  actual  clay  (H4Al2Si209),  claiming  to  leave  all  the  other  mineral 
matter  unattacked. 

Other  investigators,  notably  Schoene,  perfected  elutriation  apparatus 
for  separating  the  particles  mechanically  by  a  stream  of  water  into  a 
carefully  graded  series  of  fractions.  This  process  was  called  “  mechanical 
analysis.”* * * § 

Experiments  have  since  shown  that  elutriation  alone  cannot  separate 
colloidal  clay  matter  from  the  very  fine  particles  of  quartz  and  of  other 
minerals  accompanying  an  ordinary  plastic  clay.  The  method  fails  entirely 
with  certain  calcareous  clays.  Zschokke  found  an  error  of  nearly  50  per 
cent,  in  the  “  clay  matter  ”  determined  by  mechanical  analysis  in  such 
clays. f  Nor  has  the  Seger  method  of  rational  analysis  been  found  satis¬ 
factory  in  general  use,  except  for  the  purest  forms  of  kaolin.  Sulphuric 
acid  has  been  found  to  decompose  many  minerals  frequently  associated 
with  a  plastic  clay,  strongly  attacking  even  micas  and  feldspars  if  these 
are  sufficiently  fine.]: 


Method  adopted  in  this  Investigation. 


The  method  which  appears  most  nearly  to  satisfy  the  above  conditions 
was  one  developed  and  used  by  Zschokke§  in  his  general  survey  of  the 
Swiss  clayfields.  It  is  based  on  the  double  process  of  sorting  the  materials 
into  two  fractions  by  elutriation,  and  of  removing  plastic  clay  (H4Al2Si209) 
from  associated  finely  divided  rock  minerals,  &c.,  by  the  use  of  sulphuric 
acid.  Details  are  given  in  his  paper,  but  the  following  is  a  summary  of 
the  process. 

The  clay  is  elutriated  into  two  fractions — A,  clay  fraction,  and  B,  sand 
fraction — which  are  then  separately  extracted  with  10  per  cent,  hydro¬ 
chloric  acid. 


Insoluble  in  HC1, 
treated  with  H2S04 


H&.)  Soluble  in  HC1 


-n  [(e.)  Insoluble  in  HC1 
*  {(/.)  Soluble  in  HC1 


((c.)  Insoluble  in  H2S04  :  Quartz,  feldspar 
mica,  &c.,  determined  by  microscopic 
investigation. 

(■ d .)  Soluble  in  H2S04  :  Clay,  reckoned  by 
V  difference. 

Estimated  by  difference.  CaC03,  CaS04, 
MgC03,  MgS04,  and  FeO,  determined 
by  microscopic  investigation. 

Coarser  grains  of  (c). 

Estimated  by  difference — coarser  grains  of  ( b ). 


Notes. — (1.)  Extraction  with  HCl. — The  material  is  dried  and  a  known 
weight  is  gently  rubbed  with  a  pestle  in  a  porcelain  dish  containing  about 
100  c.c.  of  10-per-cent.  HCl  until  disintegrated.  It  is  then  treated  for 
thirty  minutes  on  a  steam  bath,  filtered,  and  the  residue  washed,  dried, 
and  weighed. 

(2.)  Extraction  with  H2SO±. — About  25  c.c.  of  pure  acid  are  run  into 
20  c.c.  of  distilled  water,  and  the  acid  thus  diluted  is  used  for  the  process. 


*  Ashby,  How  to  Analyse  Clays,  pp.  59  et  seq. 

t  B.  Zschokke,  Zur  technischen  Analyse  der  Thone,  Bauw.alerialienlcunde,  vol.  7, 
pp.  149-52,  165-70,  1902. 

$  B.  Zschokke,  loc.  cit. 

§  Loc.  cit. 
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A  known  weight  (about  3  grammes)  of  dry  material  is  heated  with  10  c.c.  of 
this  acid  in  a  porcelain  dish  on  a  wire-gauze  mat  over  a  small  Bunsen  flame 
until  thick  fumes  are  evolved.  After  cooling,  water  is  added,  and  the 
residue  filtered  off,  washed,  dried,  and  weighed. 

This  method  was  adopted  after  trial  of  details  given  by  different 
authors  as  giving  the  most  satisfactory  results  with  the  local  clays. 

An  examination  of  the  scheme  of  analysis  shows  that  the  composition 
of  a  clay  is  stated  in  such  a  way  that  it  suggests  to  the  manufacturer  the 
means  of  modifying  that  composition.  A  modification  of  the  table  gives 
the  following : — 


A,  “  clay  fraction  ” 

B,  “  sand  fraction  ” 


( Actual  clay 
j  Fine  sand,  &c. 

[Fine  carbonates,  &c.- — i.e.,  flux 
( Coarse  sand,  &c. 

( Coarse  carbonates,  &c.  . . 


{d) 

(«) 

(b) 

(«) 

(/) 


These  fractions,  A  and  B,  are  the  easiest  into  which  to  divided  a  clay 
by  allowing  it  to  settle  in  a  pond,  and  their  relative  proportions  can  be 
controlled  in  practice.  Suppose,  for  example,  that  the  clay  gave  trouble 
by  “  boiling  out  ”  or  slagging,  and  the  analysis  showed  that  iron  or 
carbonate  of  lime  was  particularly  abundant  in  the  coarser  fraction,  the 
latter  could  be  settled  out  from  a  slow  stream  of  clay  slurry.  A  non¬ 
fluxing  sand  could  then  be  added  to  the  purified  material.  Similarly, 
variation  of  composition  might  be  accurately  adjusted  by  the  admixture 
of  other  clays,  sands,  or  “  grogs  ”  of  determined  composition. 


Results  of  Examination  of  a  Number  of  Auckland  Clays. 

Definitions.— The  general  terms  “  clay  ”  and  “  natural  clay  ”  are  used 
exclusively  for  the  mixtures  of  more  or  less  plastic  material  as  they  occur 
in  the  natural  deposits.  The  terms  “  clay  fraction  ”  and  “  sand  fraction  ” 
are  used  exclusively  for  the  elutriation  fractions  as  given  in  A  and  B  above. 
For  the  chemically  pure  material  ( d )  above  as  purified  in  the  analytical 
process  the  term  “  actual  clay  ”  is  used. 

Single  experiments  only  are  recorded,  but  the  results  were  in  all  cases 
confirmed  by  duplicate.  When  several  determinations  did  not  agree 
within  2  per  cent,  the  average  of  the  results  was  taken. 

KAOLIN  FROM  MAUNGAKAKARAMEA. 

In  the  wall  of  one  of  the  numerous  fissures  on  the  northern  spurs  of 
Maungakakaramea,  the  Rainbow  Mountain  of  the  Waiotapu  district,  the 
author  discovered  a  band  of  much-altered  rhyolite  which  in  places  was 
continuous  with  pockets  of  a  white  plastic  clay.  This  was  probably  the 
product  of  local  solfataric  action,  as  there  are  still  steam-vents  and  hot 
springs  on  the  mountain  itself.  By  combined  analysis  it  was  found  to 
be  at  least  99  per  cent,  actual  clay. 

An  ultimate  analysis  by  fusion  with  alkali  carbonates  was  found  to 
give  the  composition  of  a  pure  kaolin.  To  be  quite  certain  that  the 
kaolin  composition  was  not  due  to  an  accidental  compensation  of  minerals 
the  homogeneity  of  the  material  was  tested  as  follows  :  A  sample  of  the 
clay  was  suspended  in  a  beaker  of  water  and  separated  into  two  approxi¬ 
mate  halves  by  the  rate  of  settling.  The  result  of  the  ultimate  analyses 
of  these  two  fractions  is  stated  in  Table  I.  It  is  seen  that  the  composition 
of  the  two  fractions  is  approximately  the  same. 
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Table  I. 


Faster- 

settling 

Sample. 

Slower- 

settling 

Sample. 

Mean. 

Composition 
of  Complete 
Sample. 

Best  Cornish 
Kaolin  (for 
reference). 

Theoretical 
Values  for 
H^AbS^O;). 

Al203,  &C.  •  .  .  • 

Si02 

Water  of  constitution . . 

Per  Cent. 
38-6 
47-8 

Per  Cent. 
40-5 
46-6 

Per  Cent. 
39-6 
47-2 

Per  Cent. 
402 
47-3 
13-8 

Per  Cent. 
40-6 
47-1 

9-3 

Per  Cent. 
39-8 
46-3 
13-9 

On  firing,  the  sample  was  refractory,  showing  no  tendency  to  fuse  at 
Seger  cone  No.  16  (1450°  C.),  and  giving  a  grey,  slightly  mottled  biscuit. 


CLAYS  FROM  THE  WAITEMATA  SERIES  AND  FROM  WHANGAREI. 

Sample  No.  1. — A  strong  plastic  clay  from  New  Lynn,  where  it  is  used 
in  the  brick  industry. 

Sample  No.  3.— A  brick-sand  from  the  Whitford  district,  where  it  is 
used  for  the  manufacture  of  dry-pressed  bricks. 

Sample  No.  7. — A  strong  plastic  clay  from  the  banks  of  Turanga 
Creek,  used  in  the  local  brick  industry. 

Sample  No.  14. — A  strong  plastic  clay  from  Whangarei,  where  it  is 
used  in  the  local  brick  industry. 


Table  II. — Results  of  Combined  Analyses. 


(See  p.  211  for  full  reference.) 

Sample  No.  1. 

Sample  No.  3. 

Sample  No.  7. 

Sample  No.  14. 

(d.)  Actual  clay 
{ c .)  Fine  sand,  &c. 

(e.)  Coarse  sand,  &c. 

( b .)  Fine  fluxes 
(f.)  Coarse  fluxes 

65-6 

102  \  n 

22-4  )  32  6 
Trace 

Nil 

4-2 

2  ^  ^  90T 
87-4  )  yu  1 

1-6  7  AR 

3-0)  4'6 

24-4 

60‘°  I  76-3 
16-3)  d 

Trace 

Nil 

44-1 

24-2  *  44-8 
20-6  )  44  8 

8 f  9-2 
1-2) 

Ultimate  Analyses  and  Notes  : — 

Sample  No.  1. — A  large  proportion  of  isotropic  glass  was  distinguished  in  (c)  and  (e)  ; 
otherwise  (e)  was  chiefly  quartz  grains. 

Sample  No.  3. — Whole  sample  :  Fe203,  10-0  per  cent.  ;  CaO,  1*6  per  cent.  ; 

MgO,  trace.  In  ( b )  and  (/),  Fe203  =  1*1  per  cent.  In  (c)  and  (e),  glass  was 
in  much  greater  proportion  than  quartz. 

Sample  No.  7. — ( c )  and  (e)  chiefly  glass,  with  a  little  quartz  in  (e).  A  remarkably 
strong  clay  for  the  relatively  low  value  of  (d). 

Sample  No.  14. — Volumetric  estimation  of  Fe  in  ( b )  and  (/)  gave  Fe  2-5  per  cent.  ; 
CaO  and  MgO  both  present,  but  actual  amount  not  determined. 

Effect  of  Rhyolitic -glass  Residue. — The  microscopic  examination  of  the 
residues  (c)  and  (e)  from  the  clays  of  the  Waitemata  series  (Nos.  1,  3,  7) 
established  the  interesting  fact  that  there  is  a  large  preponderance  of  an 
isotropic  glass  showing  flow-structure  and  otherwise  closely  resembling 
the  rhyolitic  material  which  was  mentioned  at  the  beginning  of  the  paper 
as  being  interstratified  with  the  beds  of  clay.  Now,  Zschokke  developed 
this  analytical  method  for  clays  with  a  residue  of  feldspar,  mica,  and 
quartz.  In  order  to  determine  whether  his  methods  are  applicable  to 
these  clays  the  following  investigations  were  made  :  (1)  The  action  of 
dilute  hydrochloric  acid  on  the  clays,  and  (2)  the  action  of  strong  sulphuric 
acid  on  rhyolite  pumice. 
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(1.)  To  determine  the  first  under  the  conditions  of  the  analytical  process 
a  sample  of  clay  No.  7  was  heated  with  a  10-per-cent,  solution  of  hydro¬ 
chloric  acid  in  successive  quantities  of  100  c.c.  for  an  hour  each  on  the 
steam  bath.  The  weight  of  dissolved  matter  in  each  extraction  was 
determined  by  evaporating  a  fraction  of  the  supernatant  clear  solution 
on  a  watch-glass,  and  weighing  the  residue.  In  order  to  differentiate 
between  the  solvent  action  of  the  acid  on  the  actual  clay  and  on  the 
rhyolitic  material  respectively  a  sample  of  the  pumice  rhyolite  from  the 
clay  beds  at  New  Lynn  was  examined.  It  was  ground  and  elutriated, 
and  that  portion  was  selected  which  came  over  at  the  same  rate  of 
water-elevation  as  does  the  “  clay  fraction  ”  in  mechanical  analysis.  It 
was  extracted  with  10  per  cent,  acid  exactly  as  the  clay  above.  The 
result  is  shown  in  Table  III. 


Table  III. 


Extraction. 

Percentage  of  Substance  dissolved. 

Pumice. 

Clay  No.  7. 

First 

4-15 

3-85 

Second 

1-30 

1-20 

Third 

1-00 

1-65 

Fourth 

0-35 

1-90 

Fifth 

•  • 

1-55 

Sixth 

1-55 

It  is  seen  that  the  clay  is  continuously  soluble  in  the  acid  employed, 
while  the  pumice  loses  all  its  soluble  material  in  four  extractions.  It 
must  therefore  be  the  actual  clay  which  is  dissolving  in  the  acid.  The 
amount  of  solubility  (2  per  cent.)  is  not  enough  to  prevent  the  use  of  the 
process  in  combined  analyses,  provided  that  the  acid  is  used  only  for  the 
minimum  time  necessary  to  dissolve  the  carbonates,  &c.  This  does  not 
exceed  thirty  minutes. 

(2.)  Some  of  the  pumice  sand  which  had  been  extracted  with  10-per-cent. 
HC1  in  investigation  (1)  was  heated  to  redness  in  a  platinum  crucible  and 
weighed.  It  was  then  treated  successively  with  sulphuric  acid  and  with 
a  solution  of  sodium  carbonate  exactly  as  for  combined  analysis.  At  the 
end  of  the  process  it  was  found  to  have  lost  7-6  per  cent,  of  its  weight. 
The  magnitude  of  the  error  thus  introduced  into  the  estimation  of  the 
actual  clay  in  the  combined  analysis  depends  upon  the  proportion  of  the 
rhyolite  and  on  its  relative  fineness  :  e.g .,  in  clay  No.  7  the  actual  clay 
may  be  shown  2  per  cent,  too  great  for  this  reason.  In  most  clays  the 
error  will  not  exceed  1  to  1*5  per  cent.,  because  of  the  relatively  small 
quantity  and  greater  coarseness  of  the  pumice  material.  The  conclusion 
reached  is  that  the  process  gives  results  of  sufficient  accuracy  for  the 
requirements  of  the  analysis. 

Fire  Tests  of  Clays  and  Synthetic  Mixtures. 

In  order  to  limit  the  scope  of  the  investigation  two  properties  only 
were  selected  for  observation  :  (1)  The  shrinkage  of  moulded  samples  on 
drying  and  on  firing  respectively,  and  (2)  the  porosity  of  the  fixed  ware. 
A  series  of  samples  of  varying  proportions  of  actual  clay  to  sand  fraction 
was  prepared  from  each  clay  and  investigated.  The  method  of  preparation 
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was  to  take  a  large  sample  of  the  clay  after  it  had  been  analysed  by  the 
combined  method  and  to  separate  it  by  means  of  the  Schoene  elntriator 
into  two  fractions,  the  “  clay  fraction  ”  and  the  “  sand  fraction  ” 
respectively.  These  were  then  reblended  in  various  proportions,  the  com¬ 
position  of  the  new  samples  being  calculated  from  the  known  composition 
of  the  fractions. 

Samples  of  the  synthetic  products  were  then  fired  in  a  Seger  gas 
furnace,  the  temperature  of  the  firing-chamber  being  recorded  by  Seger 
cones.  In  all  cases  quoted  in  this  paper  the  temperature  was  raised  until 
cone  No.  14  wilted  (about  1410°  C.),  and  then  the  gas  was  extinguished. 

The  results  in  the  case  of  sample  No.  1  are  shown  in  Table  IY  and 
fig.  1.  It  is  seen  that  the  fire  shrinkage  is  approximately  inversely 
proportional  to  the  amount  of  the  tempering-material  in  the  mixture. 
The  reason  for  the  air  shrinkage  increasing  again  above  60  per  cent,  of 
the  tempering-material  has  not  ye  been  investigated.  By  “  tempering- 
material  ”  is  meant  all  material  in  the  mixture  other  than  the  actual  clay. 


Table  IV. 


Clay  Fraction 
(per  Cent.). 

Sand 
Fraction 
(per  Cent.). 

Total 

Tempering  - 
material 

Shrinkage  (Percentage  of 
Original  Volume). 

Porosity 
(Percentage 
of  Total 

(per  Cent.). 

Air. 

Fire. 

Volume). 

75 

25 

35-1 

20*5 

28-5 

6-3 

45 

55 

611 

17-0 

11-5 

30-5 

30 

70 

74-0 

22-0 

0-0 

34-0 

50  40  50  60  70  20 

Tempering  material 


Fig.  1. 


Shrinkage. 
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The  results  for  sample  No.  7  are  given  in  Table  Y  and  fig.  2,  and  show 
the  same  regular  falling-off  in  both  air  and  fire  shrinkage  as  the  proportion 
of  tempering-material  in  the  mixture  is  increased. 


Table  V. 


Clay  Fraction 
(per  Cent.). 

Sand 
Fraction 
(per  Cent.). 

Total 

Tempering- 
material 
(per  Cent.). 

Shrinkage  (Percentage  of 
Original  Volume). 

Porosity 
(Percentage 
of  Total 
Volume). 

Air. 

Fire. 

72 

28 

79*2 

28-0 

17-0 

12*3 

50 

50 

85-5 

24-6 

6-0 

26-0 

30 

70 

91-3 

16-0 

1-0 

32-5 

Tempering  material 


In  the  case  of  sample  No.  3,  on  the 
other  hand  (Table  VI  and  fig.  3),  it  is  seen 
that  as  the  proportion  of  its  own  tempering 
constituents  is  increased  the  shrinkage  in 
the  fire  steadily  increases.  Eeference  to  the 
analytical  [results  on  p.  213  explains  in 
part  this  unusual  result,  for  the  tempering- 
material  is  seen  to  include  some  4*6  per 
cent,  of  alkali  earths  and  iron  which  act 
as  fluxes.  Thus  the  analysis  indicates 
important  information  to  the  manufacturer 
who  is  accustomed  to  regard  the  increase  of 
“[sand  ”  in  his  clay  as  tending  to  reduce 
the  shrinkage  in  the  fire.  Obviously  much 
depends  on  the  nature  of  the  “  sand.” 


Fig.  2. 

Table  VI. 


Clay  Fraction 
(per  Cent.). 

Sand 
Fraction 
(per  Cent.). 

Total 

Tempering- 
material 
(per  Cent.). 

Shrinkage  (Percentage  of 
Original  Volume). 

Air.  j  Fire. 

Porosity 
(Percentage 
of  Total 
Volume). 

60 

40 

70-3 

43 

9 

6-5 

50 

50 

75-3 

37 

10-5 

6-5 

30 

70 

85-2 

32 

12-5 

7-5 
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Fig.  3. 


At  this  stage  it  is  important  to  know 
what  effect  pnmice  sand  such  as  occurs  in 
these  clays  has  upon  the  behaviour  in  the 
fire,  whether  fluxing  or  tempering.  Clays 
Nos.  1  and  7  were  selected,  since  No.  1 
has  a  low  proportion  of  pumice  in  its  clay 
fraction  and  No.  7  has  a  very  large  pro¬ 
portion  (see  Table  II).  To  observe  the 
behaviour  of  the  clay  fractions  in  the  fire 
an  inert  tempering-material  was  required, 
and  for  this  purpose  the  “  grog  ’5  of  the 
clay  itself  was  chosen.  This  was  observed 
by  burning  a  sample  of  the  clay  to  a  higher 
temperature  (cone  No.  16)  than  the  tem¬ 
perature  of  the  experiment  (cone  No.  14), 
grinding  it,  and  using  a  finely-sieved  portion 
to  temper  the  clay  fraction  of  the  same 
clay.  No  further  kiln  reaction  or  shrinkage 
could  take  place  with  the  grog  or  between 
the  grog  and  the  clay  fraction.  The  results 
are  shown  in  Table  VII. 


Table  VII. 


— 

Composition  of  Sample  : 

CF  =  Clay  Fraction. 

SF  =  Sand  Fraction. 

Shrinkage  (Percentage 
of  Original  Volume). 

Porosity  of 
Fixed  Ware 
(Percentage  of 
Total  Volume). 

Air. 

Fire. 

a. 

CF  No.  1,  50%  ;  own  grog,  50% 

13 

70 

28 

b. 

CF  No.  7,  52%  ;  own  grog,  48  % 

19-5 

14 

23 

c. 

CF  No.  1.  30%  ;  SF  No.  1,  70% 

22 

0 

34 

d. 

CF  No.  1,  30%  ;  pumice,  70% 

14 

32 

1 

e. 

CF  No.  7,  30%  ;  SF  No.  7,  70% 

16 

1 

32-5 

/• 

CF  No.  7,  30%  ;  pumice,  70% 

10-5 

33-5 

0-5 

It  is  seen  that  the  fine  pumice  in  the  CF  No.  7  has  increased  the  fire 
shrinkage  of  that  sample  as  compared  with  CF  No.  1  (see  Table  VII,  a,  b) 
and  reduced  its  porosity.  Further,  by  comparing  c  with  d,  and  e  with  /, 
it  is  seen  that  the  substitution  of  fine  pumice  (from  the  seam  among  the 
clay  deposits)  for  the  sand  fraction  turns  a  porous,  fire-resisting  biscuit 
from  both  No.  1  and  No.  7  into  something  approaching  a  slag.  It  is 
evident  that  rhyolite  sand,  in  the  clay  fraction  at  least,  must  be  regarded 
as  a  flux. 

_  * 

The  behaviour  of  the  calcareous  clay  No.  14  (see  Table  II)  is  dif- 
j  ferent  from  that  of  the  preceding  samples.  The  shrinkage  in  the  fire 

is  uniformly  high,  an  interesting  result  in  the  light  of  the  analysis 
which  returns  the  alkali  earths,  &c.,  as  occurring  in  both  the  clay 
fraction  and  the  sand  fraction.  The  results  are  shown  in  Table  VIII 
and  fig.  4. 
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Table  VIII. 


Clay 
Fraction 
(per  Cent.). 

Sand 
Fraction 
(per  Cent.) 

Total 

Tempering- 
material 
(per  Cent.). 

Shrinkage  (Percentage  of 
Original  Volume). 

Porosity 
(Percentage  of 
Total  Volume). 

Air. 

Fire. 

100 

0 

42-2 

17-0 

45-0 

0-9 

Natural 

sample 

55-9 

16-5 

40-5 

11-0 

60 

40 

65-3 

12-5 

40-0 

11-5 

50 

50 

71T 

15-5 

37-5 

17-0 

35 

65 

79-8 

14-0 

33-0 

21-0 

40  50  60  70  80 

Tempering  material  -*> 


Fig.  4. 

The  porosity  of  the  fired  samples  of  the  clays  under  consideration  is 
shown  graphically  in  fig.  5.  It  is  obvious  that  the  porosity  of  a  series  of 
samples  of  a  given  clay  decreases  as  the  fire  shrinkage  increases. 


Fig.  5. 
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Suggestions  for  Further  Investigation. 

1.  Further  stratigraphical  and  mineralogical  research  is  necessary  to 
establish  the  geological  origin  of  the  Auckland  clays.  A  considerable 
amount  of  work  has  already  been  done  by  various  geologists,  but  little 
has  yet  been  recorded.  A  complete  geological  account  of  the  Auckland 
clays  would  be  of  considerable  value. 

2.  The  formation  of  clays  from  a  rhyolite  glass  is  a  natural  process 
which  has  apparently  not  yet  been  recognized  in  literature.  It  is  desirable 
to  investigate  the  chemical  changes  involved  in  the  process  and  to  compare 
the  properties  of  clays  produced  from  ryholite  with  those  produced  from 
feldspar. 

3.  The  reason  for  the  continued  loss  of  weight  observed  when  clay 
No.  7  was  extracted  with  10-per-cent,  hydrochloric  acid  is  worth  investi¬ 
gating.  Searle*  mentions  this  property  in  the  case  of  “  lateritic  clay.” 

4.  It  is  highly  desirable  from  an  industrial  point  of  view  to  test  the 
shrinkage  and  porosity  of  a  far  wider  range  of  fired  samples  on  the  lines 
of  this  investigation  in  order  to  determine  whether  these  properties  can 
be  stated  as  a  function  of  the  analytical  data.  This  would  supply 
information  which  would  be  valuable  in  the  production  of  a  close  stone¬ 
ware  or  delf  by  the  use  with  the  clay  of  rhyolite  pumice  as  a  flux.  It 
would  also  supply  information  necessary  for  the  production  of  roofing- 
tiles. 

Samples  and  Detailed  Beport  of  Investigation. 

In  conclusion,  it  may  be  stated  that  the  complete  set  of  samples 
prepared  during  the  research  is  stored  at  the  Chemistry  Department, 
Auckland  University  College  ;  and  the  author’s  detailed  report  of  all 
samples  investigated,  with  a  complete  bibliography  of  the  investigation 
of  Auckland  clays,  is  filed  in  the  Dominion  Museum,  Wellington. 

Summary. 

It  has  been  shown  by  microscopical  examination  that  the  Auckland 
clays  are  connected  etiologically  with  rhyolites  and  pumice,  and  not  with 
crystallized  feldspar  and  mica.  Their  stratigraphy  indicates  that  they 
have  been  water-borne  by  the  Waikato  Biver.  Furthermore,  solfataric 
action  on  rhyolite  pumice  is  capable  of  producing  a  pure  form  of  kaolin. 
The  author  therefore  suggests  that  these  clays  owe  their  origin  to  the 
weathering  of  pumice  in  the  Waikato  drainage  area. 

The  various  methods  in  use  of  analysing  clays  are  discussed,  and 
Zschokke’s  method  of  “  combined  analysis  ”  has  been  selected  as  best 
suited  to  give  useful  information  to  the  manufacturer.  The  fundamental 
chemical  reactions  of  this  method  have  been  shown  to  be  applicable  to  the 
Auckland  clays  generally,  as  regards  both  the  actual  clay  and  the  rhyolite 
sand  mixed  with  it. 

By  dividing  several  clays  into  their  clay  fractions  and  sand  fractions 
as  indicated  by  the  analysis,  and  by  reblending  these  into  mixtures  of  known 
composition,  an  attempt  has  been  made  to  show  how  the  firing  properties 
of  the  clays  can  be  interpreted  from  the  analytical  data.  The  results  that 
have  so  far  been  obtained  show  that  valuable  and  useful  information  can 
be  obtained  in  this  way.  It  has  been  shown  that  the  fine  rhyolite  sand 
occurring  in  these  clays  acts  as  a  flux  and  not  as  a  tempering-material  in 
the  firing  of  the  clay. 

Various  fields  for  further  investigation  are  indicated. 


*  Loc.  cit.,  p.  82. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 

University  of  New  Zealand. 

Annual  Meeting  of  the  Senate. 

At  its  annual  session  in  February  the  Senate  discussed  and  came  to  a 
number  of  important  decisions  regarding  matters  affecting  scientific 
education  and  professional  training. 

Financial  Needs  of  the  University  and  Colleges. 

A  committee  was  set  up  to  report  on  the  funds  necessary  to  carry  on 
effectively  the  work  of  the  University  and  the  affiliated  institutions.  The 
report  of  this  committee  was  referred  back  for  amplification,  and  the  matter 
will  come  up  again  at  a  later  meeting  of  the  Senate  ;  but  the  interim  report 
calls  attention  to  a  number  of  urgent  needs.  Somewhat  abridged,  it  is  as 
follows  : — 

(1.)  The  Committee  finds  that  the  Government  annual  statutory  grant  to  the 
University  of  New  Zealand  (£3,000)  has  not  been  raised  for  very  many  years,  notwith¬ 
standing  the  fact  that  the  population  of  New  Zealand  has  increased  and  the  work  of  the 
University  has  been  extended  in  many  directions. 

The  Committee  recommends  that  the  Government  be  requested  to  raise  the  grant 
to  £5,000  per  annum,  and  to  arrange  that  the  grant  to  the  University  shall  in  future 
increase  with  the  population  of  the  Dominion  and  with  the  activities  of  the  University. 
The  increase  in  the  grant  is  required  for  general  expenses,  advanced  scholarships,  and 
special  assistance  to  the  colleges  for  libraries,  extension  work,  &c. 

(2.)  At  the  present  time  the  affiliated  institutions,  if  they  are  to  carry  out  their 
functions  effectively  and  economically,  need  (a)  additional  buildings,  (6)  more  equip¬ 
ment.  .  .  . 

(3.)  The  Committee  finds  that  the  efficiency  of  the  staffs  of  the  affiliated  institutions 
ought  to  be  improved  (a)  by  raising  the  salaries  of  University  teachers,  (6)  by  providing 
adequate  and  competent  assistants.  .  .  . 

The  Committee  thinks  that  in  this  distant  Dominion  inducements  must  be  offered 
if  the  colleges  are  to  obtain  the  services  of  the  best  men,  and  therefore  recommends 
that  the  Government  should  be  asked  so  to  augment  the  funds  of  the  colleges  that  the 
governing  bodies  of  these  institutions  may  be  able  to  pay  full-time  professors  a  salary 
of  £1,000  per  annum. 

The  best  results  of  University  work  can  be  looked  for  only  where  there  is  such 
assistance  as  will  enable  (a)  attention  to  be  given  to  the  individual  needs  of  students, 
(6)  the  professor  to  give  a  fair  measure  of  time  to  research  work,  ( c )  the  University 
teacher  to  visit  the  Old  World  at  regular  intervals.  The  Committee  therefore  recom¬ 
mends  that  in  the  staffing  of  the  colleges  provision  should  be  made  for  assistants  who, 
if  competent  and  successful,  would  advance  to  the  position  of  assistant  professorships. 
This  arrangement  would  ensure  a  future  in  academic  teaching  for  competent  assistants. 
Salaries  of  these  teachers  should  be  raised  by  annual  increments  to  a  maximum  that 
must  vary  somewhat  in  the  different  departments. 

(4.)  Special  Work: — [a.)  Medical  and  Engineering  Schools. — The  Committee  recom¬ 
mends  that  the  Government  should  be  urged  to  make  adequate  financial  provision  for 
these  national  schools. 

( b .)  Agriculture. —  That  the  University  teaching  in  agriculture  should  be  strengthened 
and  extended  (i)  by  giving  assistance  to  Lincoln  College,  (ii)  by  instituting  University 
teaching  in  agriculture  in  the  North  Island  by  co-operation  of  the  science  faculty  of 
Victoria  University  College  and  the  Government  Experimental  Farm.  The  Committee 
recommends  the  Government  to  provide  funds  adequate  for  these  purposes. 

(c.)  Forestry. — The  importance  of  forestry  in  New  Zealand  has  been  recognized, 
and  the  Committee  recommends  that  the  Government  be  asked  to  provide  funds  for 
University  teaching  in  forestry  at  the  Auckland  University  College. 

(i d .)  Extension  Work. — The  Committee  feels  that  it  is  very  desirable  that  the 
influence  of  the  University  should  be  felt  by  a  greater  proportion  of  our  citizens,  and 
recommends  that  funds  ought  to  be  provided  for  extension  work  on  the  lines  of  the 
W.E.A.  movement,  &c. 
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Provisional  Matriculation  of  Returned  Soldiers. 

The  following  are  the  new  regulations  governing  the  matriculation  of 
soldiers  : — 

(1.)  Soldiers  that  have  been  placed  at  a  disadvantage  by  their  services  as  members 
of  the  New  Zealand  Forces  may  be  exempted  provisionally  from  the  examination  for 
matriculation  on  presentation  of  a  provisional  certificate  of  (a)  a  Joint  Matriculation 
Board  of  English  Universities,  or  (b)  the  Military  Education  Board  of  the  New  Zealand 
Expeditionary  Force,  or  (c)  a  Professorial  Board  of  an  affiliated  college. 

(2.)  At  the  end  of  the  student’s  first  year  the  Professorial  Board  shall  advise  the 
Senate  whether  the  matriculation  should  be  confirmed,  and,  if  so,  whether  it  should  be 
dated  from  the  time  of  entrance  or  from  the  end  of  the  first  year. 

New  Diploma  Course. 

It  was  decided  to  institute  a  diploma  in  agriculture. 

Neiv  B.A.  and  B.Sc.  Regulations  altered. 

The  regulations  for  the  B.Sc.  degree,  as  printed  in  the  Journal,  vol.  1, 
p.  199,  were  amended  by  repealing  the  regulation  that  a  candidate  might 
not  sit  for  examination  in  any  subject  at  the  “  advanced  ”  stage  until 
two  years  after  passing  in  at  least  three  subjects  at  the  “  pass  ”  stage. 
A  similar  alteration  was  made  in  the  new  B.A.  regulations. 

Prescriptions  in  New  “  Advanced  ”  Subjects. 

The  “  advanced  ”  subjects  agriculture,  physiology,  and  anatomy  for 
the  B.Sc.  degree,  which  are  on  a  different  footing  from  most  of  the  other 
subjects  in  that  they  are  not  also  “  pass  ”  subjects,  are  now  defined. 
Anatomy  is  a  new  addition  to  the  list  of  subjects  for  this  degree. 

Agriculture. — As  for  B.Ag.  (two  papers),  the  candidate  to  forward  to  the  Registrar, 
before  the  examination,  a  certificate  from  the  Director  of  a  recognized  Special  School 
of  Agriculture,  or  from  the  Director  of  an  Experimental  Farm  recognized  by  the  Senate, 
to  the  effect  that  he  has  spent  a  year  in  the  practice  of  agriculture  to  the  satisfaction 
of  the  Director. 

Physiology. — Two  papers,  (a).  The  minute  structure,  chemical  composition,  and 
functions  of  the  tissues  and  organs  of  the  animal  body.  The  chemical  composition 
of  foodstuffs,  and  of  the  secretions  involved  in  nutrition  and  growth. 

(6.)  A  special  knowledge  of  one  of  the  following  branches  of  the  subject :  Bio¬ 
chemistry,  neurology,  special  senses,  physiology  of  invertebrates. 

Anatomy. — Two  papers,  one  of  which  may  be  an  essay.  The  anatomy  of  the 
human  body  and  its  mode  of  development.  A  special  knowledge  will  be  required  of 
some  selected  branch  of  the  subject,  such  as  embryology  and  morphology,  neurology, 
anthropology,  sectional  anatomy. 

In  anatomy  and  physiology  the  usual  certificates  of  having  attended  courses  of 
practical  work  are  required.  Anatomy  may  be  taken  only  by  a  candidate  who  has 
taken  zoology  as  a  “pass  ”  subject. 


Wellington  Philosophical  Society. 

Farewell  to  Mr.  Evan  Parry. 

On  the  afternoon  of  the  27th  March  a  special  meeting  of  the  Society 
was  held  at  Kelburn  Kiosk,  when  Mr.  and  Mrs.  Evan  Parry  were  enter¬ 
tained  at  a  farewell  afternoon  tea  on  the  eve  of  their  departure  from 
New  Zealand.  Mr.  B.  W.  Holmes,  I.S.O.,  and  Mrs.  Holmes  presided  as 
host  and  hostess. 

Speaking  as  President  of  the  Society,  Mr.  Holmes  conveyed  its  message 
of  farewell  and  good  wishes.  All  must  regret  that  Mr.  Parry  had  been 
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tempted  to  relinquish  his  position  as  Chief  Electrical  Engineer  in  the 
Public  Works  Department  and  to  leave  New  Zealand.  Though  no  country 
in  the  world  possessed  such  potentialities  as  New  Zealand  in  regard  to 
the  utilization  of  water-power,  unfortunately  the  people  of  the  country 
did  not  sufficiently  appreciate  the  services  of  their  gifted  servants.  As  a 
member  of  the  Philosophical  Society  Mr.  Parry  had  on  all  occasions 
taken  an  active  part  in  the  proceedings,  and  as  a  member  of  the  Council 
in  the  management  of  the  Society’s  affairs.  On  behalf  of  the  Society  he 
thanked  Mr.  Parry  for  the  services  that  he  had  so  freely  given. 

Mr.  S.  H.  Jenkinson,  speaking  on  behalf  of  the  Technological  Section 
of  the  Society,  claimed  that  Mr.  Parry  had  been  above  all  a  member  of 
the  section.  Though  at  the  same  time  he  had  taken  an  interest  in  all  the 
activities  of  the  Society,  to  the  Technological  Section  he  had  been  a  tower 
of  strength.  Mr.  Parry’s  departure  would  be  a  great  loss  to  the  engineer¬ 
ing  profession  in  New  Zealand,  the  members  of  which,  however,  had  the 
consolation  of  shining  in  his  reflected  glory.  Though  he  came  to  New 
Zealand  six  years  before  as  a  Welshman,  Mr.  Parry  now  went  abroad  as  a 
New-Zealander  and  would  act  as  an  ambassador  for  his  adopted  country. 
Of  two  projects  in  the  technical  field  in  New  Zealand  in  which  Mr.  Parry 
had  been  particularly  interested,  one — the  establishment  of  a  technical 
library  —  had  not  materialized,  but  the  other  —  the  inauguration  of  a 
technical  journal  —  had,  for  the  New  Zealand  Journal  of  Science  and 
Technology  was  now  an  established  fact.  On  behalf  of  the  Honorary 
Editors  of  the  Journal  the  speaker  tendered  to  Mr.  Parry  their  special 
appreciation  of  his  work,  and  thanked  him  for  his  promise  to  continue 
as  a  contributor  to  its  pages. 

Dr.  C.  M.  Hector  and  Professor  T.  H.  Easterfield  also  offered  good 
wishes. 

Mr.  Parry,  in  reply,  disclaimed  merit  for  all  the  good  things  said  of 
him.  He  certainly  had  taken  an  interest  in  the  Technological  Section 
of  the  Society,  and  he  had  also  taken  very  much  to  heart  the  success  of 
the  Journal.  He  hoped  that  the  time  would  soon  come  when  the  efforts 
already  begun  would  result  in  the  establishment  of  a  technological  library 
in  New  Zealand,  for  the  lack  of  such  a  library  was  seriously  felt  by  the 
engineering  profession.  Mr.  Jenkinson  had  referred  to  his  being  an 
ambassador  for  New  Zealand.  In  one  sense  he  would  be  an  ambassador, 
for  the  Government  of  New  Zealand  had  given  him  a  retainer  to  act  for 
them  if  need  should  arise.  He  thanked  the  company  for  their  good 
wishes. 


Ordinary  General  Meeting,  30th  April. 

Mr.  S.  H.  Jenkinson  addressed  the  Society,  his  subject  being  “Majority 
and  Proportional  Representation. ” 

The  lecturer  maintained  the  thesis  that  no  system  of  election  could 
be  satisfactory  which  did  not  result  in  giving  one  party  or  other  a 
working  majority  of  about  10  per  cent,  of  the  House,  and  made  an 
analysis  of  the  returns  at  a  number  of  New  Zealand  elections,  from  which 
he  concluded  that  under  the  system  of  proportional  representation  satis¬ 
factory  working  majorities  would  seldom  have  been  returned.  He  therefore 
condemned  the  system. 

An  apology  for  absence  was  received  from  Mr.  George  Hogben,  who 
was  unfortunately  prevented  by  ill  health  from  attending  ;  while  other 
enthusiastic  supporters  of  proportional  representation  were  also  unavoid¬ 
ably  absent.  There  was,  nevertheless,  an  interesting  discussion. 
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Auckland  Institute. 

Annual  Meeting,  24th  February. 

The  annual  report  of  the  Institute  and  Museum,  which  was  read  and 
adopted,  indicates  that  an  unusually  large  programme  of  popular  lectures 
was  given  during  1918,  and  that  a  few  scientific  papers  also  were  read. 
During  the  year  many  additions  to  the  Museum  collections  were  received, 
including  some  particularly  fine  specimens  of  Maori  carving.  The  report 
stresses  the  drawbacks  and  deficiencies  of  the  present  Museum  building, 
and  foreshadows  the  removal  of  the  collections  to  a  new  building  to  be 
erected  in  the  Domain,  where  a  site  of  nearly  three  acres  on  Observatory 
Hill  has  been  provided. 


Owing  to  delay  in  its  preparation,  the  report  of  the  general  meeting,  or 
“  science  congress,”  of  the  New  Zealand  Institute,  held  in  Christchurch  in 
February,  cannot  appear  in  this  issue  as  promised.  We  hope  to  publish  it, 
together  with  some  of  the  shorter  papers  read  at  the  meeting,  in  the  July 
number. 


REVIEWS  AND  ABSTRACTS. 

Waipoua  Kauri  Forest,  its  Demarcation  and  Management,  by  D.  E. 

Hutchins.  Lands  and  Survey  Department,  New  Zealand.  63  pp., 

illustrations  and  map.  1918. 

This  pamphlet,  written  by  one  of  the  most  eminent  extra-tropical 
forestry  experts  of  the  world,  is  not,  as  its  title  might  suggest,  purely  a 
technical  paper.  Forest  work,  like  gardening,  permits  ample  time  for 
reflection  on  many  things,  and  the  forester  carries  an  atmosphere  of  the 
open  air  into  his  writings,  which  lack  the  precision  and  formality  of  most 
technical  literature.  Thus  we  learn  that  Mr.  Hutchins  has  been  with 
elephants  most  of  his  life,  and  has  shot  three  ;  that,  with  no  bad  wild 
animals,  the  scrub  lands  of  New  Zealand  should  be  a  donkey’s  paradise  ; 
and  that  the  milk  of  buffaloes  is  rich  in  butter-fat,  but  the  butter  is 
colourless.  These  matters,  however,  have  really  an  intimate  connection 
with  New  Zealand  forestry,  for  the  choice  of  a  good  log-hauling  animal 
is  a  matter  of  great  importance,  and  the  palm  goes  to  the  buffalo.  44  For 
hauling  heavy  timber  and  subsisting  on  coarse  herbage  and  marsh-grass 
they  are  unsurpassed.” 

The  actual  demarcation  of  the  Waipoua  State  Kauri  Forest  was 
carried  out  by  Mr.  Hutchins  in  1916,  but  publication  was  delayed  until 
recommendations  on  the  subsequent  management  of  the  forest  were  pre¬ 
pared.  Demarcation  marks  the  first  step  in  systematic  forestry,  and 
is  defined  as  the  forest  survey  of  the  country  by  forest  experts,  and  the 
picking-out  from  the  general  forest  area  of  those  parts  which  are  best 
fitted  to  be  kept  in  perpetuity  as  the  national  forest  estates  of  the  country. 
The  procedure  was  to  include  areas  on  poor  soil  where  the  forest  was  good 
or  was  capable  of  restoration  at  a  reasonable  expenditure.  As  most  of 
the  forest  on  good  soil  had  long  since  been  destroyed,  existing  boundaries 
had  to  be  accepted,  with  certain  modifications  where  forest-destruction 
had  spread  too  far  up  the  mountain-side.  As  now  demarcated,  the  Waipoua 
Forest  is  eleven  miles  long  from  east  to  west,  and  nearly  nine  miles  broad 
from  north  to  south,  and  includes  29,830  acres,  of  which  28,880  are 
occupied  by  the  main  block  of  forest.  Unfortunately,  demarcation  has 
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come  thirty  years  too  late,  and  in  the  adjoining  country  the  necessary 
clearing  for  settlement  has  extended  too  far  up  the  steep  slopes  of  the 
mountains.  There  is  nothing  in  the  report  to  show  that  Mr.  Hutchins’s 
demarcation  has  been  accepted.  In  the  preface  the  Under-Secretary  of 
Lands  merely  states  that  “  his  reports  will  require  and  deserve  the  most 
careful  attention  of  all  interested  in  the  perpetuation  and  protection  of 
our  native  forests,  and  the  providing  of  timber  for  the  future  commercial 
needs  of  the  inhabitants  of  New  Zealand.” 

The  total  timber  stand  of  the  Waipoua  Forest  is  estimated  at 
288,020,000  superficial  feet  of  timber,  with  the  present  royalty  value  of 
£566,750,  representing  about  £18  17s.  lOd.  per  acre.  This  is  not  much 
above  one-tenth  of  the  standing  timber  assumed  for  the  normal  fully- 
stocked  kauri  forest  of  the  future.  At  present  the  forest,  being  a  virgin 
forest,  is  earning  no  interest  on  its  value  regarded  as  capital.  It  is  in  a 
state  of  nature  where  growth  balances  decay.  When  put  in  order  it  should 
be  earning  £10  per  acre  per  year — i.e .,  £300,000  yearly  for  the  whole 
forest  ;  but  it  would  be  a  hundred  years  before  the  bulk  of  these  earnings 
could  be  realized. 

The  working-plan  recommended  both  for  the  Waipoua  Forest  and  for 
general  adoption  in  New  Zealand  forests  consists  in  (1)  working  of  the  old 
stocks  of  timber  from  the  virgin  forest  with  little  delay  ;  (2)  starting  the 
rejuvenated  and  improved  cultivated  forest  as  soon  as  possible  ;  (3)  pro¬ 
viding  for  a  fair  distribution  of  age-classes  at  the  end  of  the  rotation,  and 
thus  ensuring  economical  milling.  This  would  mean  that  after  cutting 
out  the  present  stock  of  mature  kauri  and  other  timbers  the  forest  would 
give  much  the  same  average  employment  and  average  money  returns  as 
successful  dairying  on  the  soil,  and  at  the  end  of  a  hundred  years  about 
double  the  employment  of  dairying. 

Before  this  can  be  commenced,  however,  there  are  three  urgent  matters  : 
the  railway  must  be  continued  to  the  forest  (a  matter  of  ten  or  twelve 
miles),  forest  stations  must  be  provided,  and  roads  must  be  formed. 
Including  the  logging  and  the  milling  of  the  timber,  the  roadmaking  and 
the  building,  there  is  well  over  £500,000  worth  of  work  to  be  done  in 
Waipoua,  so  that  the  value  of  the  present  stand  will  be  used  up  in  getting 
the  forest  into  working-order.  In  the  meantime  the  staff  of  Forest 
Rangers  costs  £575  yearly,  and  the  forest  is  returning  nothing,  and  losing 
the  interest  on  the  value  of  the  mature  timber — viz.,  £22,680  per  annum — 
and  the  heavier  loss  of  absence  of  increment  on  young  trees. 

Concerning  roads  Mr.  Hutchins  has  much  of  interest  to  say.  He  points 
out  that  the  reservation  of  the  forest  has  retarded  the  development  of  the 
neighbouring  cleared  land,  especially  in  the  matter  of  roads.  “  The  road 
question  in  New  Zealand  has  this  significance  :  Many  of  the  constant 
demands  made  by  County  Councils  to  have  forest  opened  at  any  cost  are 
made  in  order  to  get  roads  and  road  rates  from  the  occupiers  of  the 
destroyed  forest.  Their  attitude  would  be  different  if  they  were  assured 
that  cultivated  forest  means  before  all  things  roads,  and,  further,  that  good 
cultivated  forest  means  more  settlement  than  dairying  on  poor  soil.”  The 
roads  projected  for  the  Waipoua  Forest  are  a  main  metalled  road  running 
from  Waimamaku  Settlement  through  the  forest  to  the  railway,  fed  by  a 
system  of  broad  grassed  forest  roads  and  “  rides,”  acting  also  as  fire¬ 
breaks,  and  providing  fodder  for  the  animals  necessary  to  work  the  forest. 
Incidentally  the  scenic  attractions  would  be  greatly  enhanced  by  such  grass 
roads,  and  it  is  anticipated  that  the  forest  will  become  as  well  known  in 
Australasia  as  the  Black  Forest  is  in  Germany.  J.  A.  T. 
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SCIENTIFIC  PUBLICATIONS — continued. 

HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  I  Os. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Farts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Fart  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND..  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  10s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 
MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  8  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DfPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature  ;  Part  !.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6:  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1901. 
Illustrated.  By  Alexander  McKay,  F.G.S.  Paper  covers,  Is. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  *  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  10s. 

TOWN-PLANNING:  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.l.B.A.  5s. 

WA1POUA  KAURI  FOREST  :  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d. 
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By  H.  Rands,  M.A.,  B.Sc.,  and  W.  O.  R.  Gilling,  M.A.,  B.Sc.  2s. 
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SCIENTIFIC  PUBLICATIONS. 


THE  following  Scientific  Works,  published  under  the  authority  of 
the  New  Zealand  Government,  are  now  on  sale  at  the  Stationery 

Department,  Wellington,  and  will  be  transmitted  at  the  published 

price  to  any  address  in  the  Dominion. 

BIOLOGICAL  EXERCISES.  (I  and  2  out  of  print.)  3.  The  Anatomy  of  the  Common 
Mussels.  4.  The  Skeleton  of  the  New  Zealand  Crayfishes.  Is.  each. 

DICTIONARY  OF  THE  MAORI  LANGUAGE.  By  Herbert  W.  Williams,  M.A.  Cloth 
boards,  20s. 

ECONOMIC  MINERALS  IN  NEW  ZEALAND,  and  other  Papers.  By  Frank  Reed 
M.lnst.M.E.  6d. 

GEOGRAPHICAL  REPORT  ON  THE  FRANZ  JOSEF  GLACIER.  By  J.  M.  Bell.  Is. 

GEOLOGICAL  BULLETIN  No.  I  :  The  Geology  of  the  Hokitika  Sheet,  North  Westland 
Quadrangle.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  2  :  The  Geology  of  the  Area  covered  by  the  Alexandra 
Sheet,  Central  Otago  Division.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  3  :  The  Geology  of  the  Parapara  Subdivision,  Karamea, 
Nelson.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  4  :  The  Geology  of  the  Coromandel  Subdivision,  Auck¬ 
land.  By  Colin  Fraser,  assisted  by  J.  H.  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  5  :  The  Geology  of  the  Cromwell  Subdivision,  Western 
Otago.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  6  :  The  Geology  of  the  Mikonui  Subdivision,  North  West-' 
land.  By  P.  G.  Morgan.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  8  :  The  Geology  of  the  Whangaroa  Subdivision, 
Hokianga  Division.  By  J.  M.  Bell  and  E  de  C.  Clarke.  2s.  6d. 
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kumara  Division,  Poverty  Bay.  By  James  Henry  Adams.  2s.  6d. 
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Auckland.  By  Colin  Fraser.  2s.  6d. 
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Westport  Division.  By  Ernest  John  Herbert  Webb.  2s.  6d. 
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Motupiko  Division,  Nelson.  By  J.  M.  Bell,  E.  de  C.  Clarke,  and  P.  Marshall. 
2s.  6d. 

GEOLOGICAL  BULLETIN  No.  13  :  The  Geology  of  the  Greymouth  Subdivision,  North 
Westland  Division,  Westland.  By  P.  G.  Morgan.  2s.  6d. 
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Taranaki  Division.  By  E.  de  C.  Clarke.  2s.  6d. 
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By  J.  Henderson,  assisted  by  J.  A.  Bartrum.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  17  :  The  Geology  and  Mineral  Resources  of  the 
Buller-Mokihinui  Subdivision,  Westport  Division.  By  P.  G.  Morgan  and  J.  A. 
Bartrum.  5s. 
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GEOLOGY  OF  NEW  ZEALAND.  By  P.  Marshall,  D.Sc.,  &c.  Demy  8yo.  Cloth 
boards,  4s.  ,  . 
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THE  NEW  ZEALAND  INSTITUTE  SCIENCE  CONGRESS, 

CHRISTCHURCH,  1919. 


The  Science  Congress'  organized  by  the  New  Zealand  Institute  and  held 
from  the  4th  to  the  8th  February  is  perhaps  the  most  important  scientific 
event  in  the  history  of  the  Dominion,  and  we  owe  our  readers  no  apology 
for  devoting  a  double  number  of  the  Journal  to  a  record  of  the  meetings. 

The  importance  of  the  event  lies  rather  in  the  future  than  the  present. 
The  Christchurch  Congress  of  1919,  successful  though  it  was,  is  only  the 
first  of  a  great  series  of  similar  but  larger  meetings  which  will  as  time  goes 
on  profoundly  influence  the  attitude  of  the  people  of  New  Zealand  towards 
science,  and  will  stimulate  the  men  and  women  of  science  to  wider  and 
better  endeavour.  The  co-ordination  of  research,  about  which  we  have 
heard  so  much  during  the  last  few  years,  depends  largely  on  personal 
contact  between  the  different  workers,  and  these  congresses  will  provide 
opportunities,  hitherto  lacking,  for  such  contact. 

But,  apart  from  its  future  promise,  the  Christchurch  Science  Congress 
was  in  itself  an  event  of  no  mean  importance.  The  attendance  was  large 
and  fully  representative  of  the  whole  Dominion.  The  Government  showed 
its  appreciation  of  the  event  by  the  presence  of  His  Excellency  the  Governor- 
General  and  the  Hon.  the  Minister  of  Internal  Affairs,  both  of  whom  gave 
addresses  at  the  opening  ceremony.  A  particularly  gratifying  feature  was 
the  large  delegation  from  Government  Departments,  and  especially  from  the 
Department  of  Agriculture,  proving  the  desire  of  the  often-abused  Government 
official  to  co-operate  fully  in  scientific  matters-  with  the  University  professor 
and  the  layman.  Disappointment  was,  however,  expressed  that  the  Educa¬ 
tion  Department  was  not  more  prominently  represented  in  view  of  the 
importance  of  the  position  of  science  in  education.  The  meetings  were  well 
attended,  and  the  attendance  at  the  evening  lectures  was  very  creditable 
to  the  people  of  Christchurch.  The  programme  of  papers  was  unexpectedly 
large,  and  served  a  useful  purpose  in  impressing  on  the  community  the 
extent  and  variety  of  the  scientific  work  being  carried  out  in  the  Dominion. 
In  this  regard  the  exceedingly  fine  reporting  of  the  Christchurch  papers 
served  to  give  the  Congress  a  publicity  it  might  have  missed  in  a  smaller 
town.  The  programme  was,  if  anything,  too  large  for  the  time  occupied, 
and  in  future  congresses  this  point  will  doubtless  receive  due  consideration 
from  the  organizers.  The  shortness  of  time,  too,  prevented  visitors  from 

18 — Science. 
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taking  full  advantage  of  the  invitations  to  inspect  local  industries  which 
were  so  freely  offered. 

Visitors  to  the  Congress  commented  upon  the  earnestness  which  marked 
the  meetings.  The  occasion  was  not  regarded  as  a  holiday,  but  as  an 
opportunity  to  learn  and  to  discuss.  Nevertheless,  the  lighter  side  was  not 
neglected,  and  the  afternoon  programme  of  excursions  and  garden  party 
relieved  the  strain  of  the  meetings  and  was  greatly  enjoyed  by- those  taking- 
part. 

An  encouraging  feature  of  the  Congress  was  the  part  taken  by  women 
both  in  the  reading  of  papers  and  in  the  discussions.  Science  as  a  career 
has  not  as  yet  been  seriously  considered  by  the  womanhood  of  the  Dominion, 
although  for  many  kinds  of  work  the  psychological  equipment  of  woman 
is  superior  to  that  of  man. 

The  wish  was  generally  expressed  by  the  unofficial  visitors  that  the 
congresses  should  be  held  annually.  In  view  of  the  immense  amount  of 
toil  involved  in  working  up  such  a  gathering,  and  of  the  fact  that  the  papers 
presented  represented  in  many  cases  the  fruit  of  several  years’  work,  the 
Board  of  Governors  decided  that  for  the  present  a  two-years  interval 
between  congresses  was  desirable,  and  that  the  next  should  be  held  in 
1921.  This  course  has  the  advantage  that  it  will  not  clash  with  the  meeting 
of  the  Australasian  Association  for  the  Advancement  of  Science,  in  Hobart, 
in  1920.*  Probably  Palmerston  North  will  be  selected  as  the  meeting-place 
for  the  next  New  Zealand  Congress.  It  is  hoped  that  a  date  can  be  selected 
which  will  allow  of  an  attendance  of  secondary  -  school  as  well  as  of 
University  teachers. 


INCEPTION  OF  THE  CONGRESS. 

The  Science  Congress  was  formally  a  general  meeting  of  members  of 
the  New  Zealand  Institute.  For  the  information  of  our  foreign  readers 
it  will  not  be  out  of  place  to  explain  in  some  detail  the  constitution  of  that 
body,  which  occupies  a  perhaps  unique  position  amongst  the  scientific 
societies  of  the  Empire.  It  is  a  statutory  body,  receiving  Government  aid, 
and  incorporated  under  an  Act  of  Parliament. 

The  New  Zealand  Institute  consists  of  a  number  of  incorporated  societies 
— viz.,  the  Auckland  Institute,  the  Wellington  Philosophical  Society,  the 
Philosophical  Institute  of  Canterbury,  the  Otago  Institute,  the  Hawke’s 
Bay  Philosophical  Institute,  the  Poverty  Bay  Institute,  the  Manawatu 
Philosophical  Society,  the  Wanganui  Philosophical  Society,  and  the  Nelson 
Institute.  The  members  of  these  societies  are  ipso  facto  the  members 
of  the  New  Zealand  Institute.  The  management  of  the  Institute  is  vested 
in  a  Board  of  Governors  representative  of  the  incorporated  societies  and  of 
the  Government,  and  this  Board  meets  annually  in  Wellington  in  the  month 
of  January.  The  current  business  of  the  Institute  is  transacted  by  a  Stand¬ 
ing  Committee  consisting  of  those  members  of  the  Board  of  Governors  who 
reside  or  are  temporarily  in  Wellington.  The  main  business  of  this  com¬ 
mittee  and  of  the  Board  of  Governors  consists  in  the  publication  of  the 
annual  volume  of  Transactions  and  Proceedings,  the  maintenance  of  a  scientific 
library  (which  is  housed  in  the  Dominion  Museum),  the  award  of  certain 
honours  and  distinctions  in  the  gift  of  the  Institute,  and  the  making  of 
representations  to  the  Government  on  matters  of  public  interest  involving 
scientific  considerations. 


*  We  regret  to  learn  that  the  Australasian  meeting  has  now  been  postponed  until 
February,  1921. 
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Although  the  New  Zealand  Institute  has  been  in  existence  for  over  fifty 
years,  and  meetings  of  members  of  the  incorporated  societies  have  been 
held  regularly,  no  general  meeting  of  the  members  of  the  Institute  as  a  whole 
has  hitherto  been  held.  Provision  for  such  meetings  exists  in  a  clause  in 
the  New  Zealand  Institute  Act,  1908,  a  clause  inserted  on  the  suggestion 
of  the  late  Captain  F.  W.  Hutton,  and  proposals  to  hold  them  have  been 
made  from  time  to  time,  but  they  have  hitherto  proved  ineffective. 

The  present  meetings  arose  out  of  proposals  for  the  reform  of  the  New 
Zealand  Institute  made  by  Dr.  J.  Allan  Thomson  in  1917  to  the  Board  of 
Governors  and  subsequently  discussed  by  the  several  incorporated  societies. 
In  a  memorandum  accompanying  his  proposals  Dr.  Thomson  wrote  :  “In 
its  relation  to  the  public  the  New  Zealand  Institute  should,  but  does  not, 
hold  a  position  analogous  to  that  of  the  British  Association  for  the  Advance¬ 
ment  of  Science,  the  body  which  most  keeps  the  public  in  touch  with  science, 
and  from  which  most  of  the  improvements  in  the  State  attitude  to  science 
have  had  their  origin.  The  Australasian  Institute  for  the  Advancement  of 
Science  meets  too  seldom  in  New  Zealand  to  be  effective  in  this  direction.” 

One  of  the  proposed  reforms  was  a  statutory  obligation  to  hold  not  less 
than  six  public  meetings  in  the  year,  which  it  was  anticipated  would  lead 
to  the  holding  of  a  week  of  meetings  annually  in  one  of  the  principal  towns 
of  the  Dominion,  where  a  programme  similar  to  that  of  the  British  Associa¬ 
tion  would  be  carried  out,  and  public  attention  would  be  strongly  drawn 
to  the  progress  of  science. 

The  proposals  for  reform  of  the  Institute  did  not  meet  with  the 
unanimous  support  of  the  incorporated  societies,  but  the  proposal  to  hold 
a  week  of  meetings  was  generally  supported,  and  the  Philosophical  Institute 
of  Canterbury  invited  the  members  of  the  Institute  to  meet  in  Christchurch 
in  the  autumn  of  1919.  This  invitation  was  accepted  by  the  Board  of 
Governors  in  January,  1918,  and  so  the  first  purely  New  Zealand  Science 
Congress  came  into  being. 

It  was  originally  decided  that  the  Philosophical  Institute  of  Canterbury 
should  undertake  the  local  arrangements,  while  the  Standing  Committee 
should  be  responsible  for  the  programme  of  lectures,  papers,  and  other 
matters  connected  with  the  meeting.  Owing  to  the  absence  through  illness 
and  other  causes  of  several  members  of  the  Standing  Committee  towards 
the  end  of  1918,  the  Philosophical  Institute  of  Canterbury  was  asked  in 
November  to  take  over  the  whole  of  the  preparations  necessary  for  the 
meetings.  In  spite  of  great  difficulties  caused  by  the  influenza  epidemic, 
and  the  postponement  of  the  University  examinations,  the  Philosophical 
Institute  of  Canterbury  persevered  with  this  accepted  task,  and  the  great 
success  which  attended  the  Congress  is  due  primarily  to  the  energy  of  the 
Canterbury  society.  It  is  making  no  invidious  distinction  to  name  especially 
in  this  connection  Professor  C.  Chilton,  C.M.Z.S.,  and  Mr.  W.  Martin.  But 
for  the  resolution  and  capacity  for  work  displayed  by  these  gentlemen  the 
meeting  must  inevitably  have  been  postponed  and  perhaps  abandoned 
altogether. 

Previous  to  the  influenza  epidemic  the  Mayor  of  Christchurch,  Mr.  H. 
Holland,  had  convened  a  public  meeting  of  the  citizens  of  Christchurch  to 
arrange  for  the  suitable  reception  of  the  visiting  members  and  for  other 
local  arrangements.  At  a  subsequent  meeting  a  Hospitality  Committee 
(chairman,  Sir  John  Denniston),  an  Excursions  Committee  (chairman,  Mr. 
E.  F.  Stead),  and  a  Finance  Committee  (chairman,  Mr.  A.  Kaye)  were  set 
up.  The  use  of  the  buildings  of  Canterbury  College  was  granted  by  the 
Board  of  Governors  and  the  Professorial  Board  of  the  College.  Many  offers 
of  hospitality  were  received  from  Christchurch  citizens  and  were  passed 
on  to  intending  visitors.  An  excellent  and  well-illustrated  handbook 
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containing  the  provisional  programme,  the  list  of  officers,  and  notes  for 
visitors,  with  much  scientific  information  about  Christchurch  and  surround¬ 
ings,  was  prepared  and  widely  distributed  amongst  members  of  the  New 
Zealand  Institute.  The  proverbial  sunshine  of  Christchurch  smiled  on  the 
efforts  of  the  Philosophical  Institute  of  Canterbury,  and  in  spite  of  ap¬ 
parently  insuperable  obstacles  the  meetings  took  place  in  fine  weather  on 
the  date  originally  planned. 


OFFICERS  OF  THE  CONGRESS. 

PRESIDENT. 

Dr.  L.  Cockayne,  F.R.S. 

HON.  SECRETARY. 

Mr.  William  Martin,  B.Sc. 

EXECUTIVE  COMMITTEE. 

The  Officers  and  Council  of  the  Philosophical  Institute  of  Canterbury,  and  the  Chairman 
of  the  Hospitality,  Excursions,  and  Finance  Committees — viz.  :  Officers  and  Council 
of  Philosophical  Institute  of  Canterbury  (President,  Professor  C.  C.  Farr,  D.Sc., 
F.P.S.L.  ;  Vice-Presidents,  Messrs.  W.  H.  Skinner  and  L.  P.  Symes  ;  Hon. 
Secretary,  Mr.  Wtlltam  Martin,  B.Sc.  ;  Hon.  Treasurer,  Dr.  Charles  Chilton, 
F.L.S.,  C.M.Z.S.  ;  Hon.  Librarian,  Mr.  W.  G.  Aldridge,  M.z\.  ;  Hon.  Auditor, 
Mr.  G.  E.  Way  ;  Council,  Dr.  F.  W.  Hilgendorf,  M.A.,  Messrs.  L.  Berks,  B.Sc., 
L.  J.  Wild,  M.A.,  F.G.S.,  A.  V.  Moijntford,  M.  H.  Godby,  M.A.,  B.Sc.,  James 
Drummond,  F.L.S.,  F.Z.S.)  ;  Chairman  Hospitality  Committee,  Sir  John  Den- 
niston  ;  Chairman  Excursions  Committee,  Mr.  E.  F.  Stead  ;  Chairman  Finance 
Committee,  Mr.  A.  Kaye. 

HOSPITALITY  COMMITTEE. 

Sir  John  Denniston  (Chairman),  His  Worship  the  Mayor  (Mr.  H.  Holland),  Mrs. 
Carey  Hill,  Miss  R.  Tabart,  Miss  M.  Ferrar,  Dr.  H.  T.  J.  Thacker,  M.P., 
Messrs.  R.  C.  Bishop,  H.  D.  Acland,  R.  Scott,  G.  T.  Booth,  A.  W.  Beaven. 

EXCURSIONS  COMMITTEE. 

Messrs.  E.  F.  Stead  (Chairman),  R.  E.  Alexander,  L.  Birks,  C.  M.  Ollivier, 
N.  L..  Macbeth,  H.  G.  Ell,  M.P.,  R.  Speight,  R.  M.  Laing,  C.  J.  Williams, 
H.  F.  Skey,  H.  J.  Marriner. 

FINANCE  COMMITTEE. 

Mr.  A.  Kaye  (Chairman),  Professor  R.  J.  Scott,  Councillors  Howard  and  Flesher, 
Messrs.  B.  Seth-Smith,  G.  Humphreys,  A.  W.  Jamieson,  J.  Keir,  T.  J.  McBride, 
William  Reece,  and  Dr.  W.  P.  Evans. 

Officers  of  the  Sections. 

Section  1.— BIOLOGY  AND  AGRICULTURE. 

President,  Dr.  C.  J.  Reakes,  M.R.C.V.S.  ;  Vice-President,  Hon.  G.  M.  Thomson, 
F.L.S  ;  Hon.  Secretaries,  Dr.  C.  Chilton,  F.L.S.,  C.M.Z.S.,  and  Dr.  F.  W. 
Hilgendorf,  F.G.S. 

Section  2.— GEOLOGY. 

President,  Mr.  P.  G.  Morgan,  F.G.S.  ;  Vice-President,  Dr.  C.  A.  Cotton,  F.G-S.  ;  Hon. 
Secretary,  Mr.  L.  J.  Wild,  F.G.S. 

Section  3.— CHEMISTRY,  PHYSICS,  AND  ENGINEERING. 

President,  Professor  T.  H.  Easterfield,  F.I.C.,  F.C.S.  ;  Vice-President,  Professor 
D.  M  Y.  Sommer ville,  F.R.S.E.  ;  Hon.  Secretaries,  Messrs.  S.  Page,  B.Sc.,  and 
D.  B.  McLeod,  M.A.,  B.Sc. 

Section  4. — GENPiRAL. 

President,  Veil.  Archdeacon  H.  W.  Williams,  M.A.  ;  Vice-President,  Dr.  J.  Allan 
Thomson,  F.G.S.  ;  Hon.  Secretary,  Mr.  W.  Martin,  B.Sc. 
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BIOGRAPHICAL  NOTICE. 

Leonard  Cockayne,  Ph.D.,  F.R.S.,  President  of  the  New 

Zealand  Institute. 

Dr.  Leonard  Cockayne  is  the  youngest  son  of  the  late  William  Cockayne, 
Esq.,  of  Thorpe  House,  Norton  Lees,  Derbyshire,  where  he  was  born  on 
the  7th  April,  1855.  As  a  boy  he  evinced  some  partiality  for  botany  and 
collected  the  wild  plants  of  his  county  and  other  parts  of  England. 
At  various  schools  he  received  a  sound  education,  including  modern 
languages  and  elementary  science.  He  left  England  for  Australia  in 
1876,  and  after  residing  in  several  of  the  colonies  came  to  New  Zealand 
in  the  year  1880.  For  four  years  he  was  master  of  the  Grey  town 
(Allanton)  Public  School,  and  it  is  of  interest  to  know  that  he  there 
taught  elementary  botany  in  the  form  of  object-lessons. 

In  1885  he  resigned  the  above  position,  and  for  a  few  years  engaged 
in  farming  near  Christchurch.  In  1887  a  copy  of  the  Hon.  G.  M. 
Thomson’s  little  book  on  ferns  came  into  his  hands,  and,  armed  with 
this,  he  commenced  collecting  and  studying  these  plants.  This  quickly 
led  to  an  investigation  of  the  higher  plants.  These,  in  the  first  place,  he 
approached  from  the  standpoint  of  horticulture.  By  that  time  he  had 
made  a  garden  with  an  extensive  collection  of  herbaceous  and  bulbous 
plants.  At  the  beginning  of  the  “  nineties  ”  this  collection,  together  with 
the  indigenous  alpine  plants  he  had  collected  in  Canterbury,  Westland, 
and  Otago,  got  so  large  that  he  decided  to  remove  to  a  small  property 
of  acres  near  New  Brighton  and  devote  his  life  to  horticulture  and 
New  Zealand  botany. 

The  New  Brighton  garden  grew  apace,  thanks  to  a  series  of  exchanges 
instituted  with  forty  or  more  of  the  leading  botanical  gardens  of  the 
world,  so  that  the  collection  rapidly  increased  to  thousands  of  herbs,  alpine 
plants,  trees,  and  shrubs.  Also  a  considerable  correspondence  began  with 
many  of  the  famous  botanists  of  the  day,  and  herbaria  in  Great  Britain 
and  abroad  received  many  botanical  acquisitions. 

In  addition  to  sowing  the  seeds  of  exotic  plants  (about  2,000  species 
yearly)  received  in  exchange  for  those  of  New  Zealand,  Dr.  Cockayne  also 
sowed  many  of  the  latter,  and,  seeing  how  greatly  a  considerable  number 
differed  from  the  parent  plants,  he  commenced  studying  these  seedlings 
and  instigating  experiments  connected  therewith. 

On  the  5th  June,  1895,  Dr.  Cockayne  was  elected  a  member  of  the 
Philosophical  Institute  of  Canterbury,  being  proposed  by  his  friend 
Mr.  R.  M.  Laing,  B.Sc.  ;  and  in  1897  his  first  scientific  contribution  was 
read  before  that  body  and  published  the  following  year.  It  dealt  with  an 
experiment  with  regard  to  the  amount  of  cold  New  Zealand  alpine  plants 
could  tolerate.  In  1899  there  appeared  from  his  pen  his  first  account  of 
some  of  the  seedlings  he  had  been  studying.  In  this  and  subsequent 
papers  he  was  not  content  with  mere  descriptions,  but  sought  to  correlate 
the  seedling’s  form  with  its  natural  environment  and  explain  the  differences 
between  it  and  the  adult  on  what  are  now  termed  “  ecological  ”  lines. 
The  same  year  he  also  published  a  paper  dealing  with  reproduction  after 
burning  of  subalpine  scrub.  This  study  in  what  is  now  known  as 
“  succession  ”  was  the  first  paper  on  modern  ecological  lines  to  appe.ar 
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in  Australasia,  and  one  of  the  first,  if  not  the  first,  in  the  British  Empire. 
From  this  time  on  to  the  present,  year  by  year,  Dr.  Cockayne  has 
published  botanical  papers,  some  eighty-eight  in  all,  dealing  with  ecology, 
evolution,  plant-distribution,  and,  more  latterly,  taxonomy,  this  chiefly  in 
regard  to  the  splitting-up  of  aggregate  species  into  their  varieties.  Not 
only  has  he  thus  made  notable  contributions  to  knowledge,  but  he  has 
profoundly  influenced  the  younger  botanists  of  New  Zealand  in  the  direction 
of  ecology,  and  by  his  encouragement  and  advice  has  started  many  an 
amateur  in  the  path  of  research. 

In  1903  Cockayne  was  made  an  Honorary  Doctor  of  Philosophy  by 
the  University  of  Munich  for  his  botanical  investigations.  Other  honours 
which  have  come  to  him  are  the  Corresponding  Fellowship  of  the  Botanical 
Society  of  Edinburgh  (1905),  the  Fellowship  of  the  Linnean  Society  (1910), 
the  Fellowship  of  the  Royal  Society  (1912),  the  Hector  Memorial  Medal 
and  Prize  for  Botany  (1912),  and  the  Hutton  Memorial  Medal  (1914). 

In  1903  Dr.  Cockayne,  in  order  to  devote  all  his  time  to  pure  science, 
sold  his  New  Brighton  property,  giving  the  contents  of  his  garden  to  the 
Christchurch  Beautifying  Association.  At  the  present  time  many  of  the 
plants  adorn  the  banks  of  the  River  Avon.  The  same  year  he  visited  the 
New  Zealand  subantarctic  islands  ;  the  Chatham  Islands  he  had  explored 
botanically  in  1900. 

In  1907  Dr.  Cockayne  was  engaged  by  the  Department  of  Lands  and 
Survey  to  make  a  botanical  survey  of  Kapiti  Island.  This  was  followed 
by  similar  but  more  elaborate  surveys  of  the  Waipoua  Kauri  Forest,  the 
Tongariro  National  Park,  Stewart  Island,  and  the  dune  areas  of  New 
Zealand— this  latter  largely  an  economic  research.  Regarding  the  dune- 
area  report  Mr.  A.  E.  Carey  and  Professor  F.  W.  Oliver,  F.R.S.,  state  that 
it  “  is  a  model  of  what  such  a  document  should  be.  It  is  undoubtedly 
the  fullest  and  most  informing  account  of  the.  subject  available  in  the 
English  language.’5* 

As  already  stated,  Dr.  Cockayne’s  connection  with  the  New  Zealand 
Institute  commenced  in  1895.  He  was  for  many  years  a  member  of  the 
Council  of  the  Philosophical  Institute  of  Canterbury  and  twice  President 
of  that  body,  in  which  capacity  in  1912  he  presided  at  a  large  gather¬ 
ing  in  the  Art  Gallery,  Christchurch,  in  celebration  of  the  jubilee  of  the 
Institute,  and  delivered  an  address  on  the  history  of  the  society  and  the 
supreme  importance  to  the  State  of  research  in  pure  science.  Since  the 
reorganization  of  the  New  Zealand  Institute  in  1904  Dr.  Cockayne  has 
represented  the  Nelson  Institute  on  the  Board  of  Governors  ;  and  in  1918 
he  was  elected  President,  a  position  he  still  holds.  He  was  also  for  three 
years  joint  editor  with  Dr.  C.  A.  Cotton  of  the  Institute’s  publications. 

In  public  affairs  Dr.  Cockayne  has  played  a  part  only  where  his 
scientific  knowledge  could  be  of  value  to  the  community.  Thus  for  many 
years  he  has  advocated  by  all  the  means  in  his  power  the  setting-aside  of 
typical  areas  of  all  the  different  plant-associations  of  the  Dominion  as 
sanctuaries  for  the  indigenous  plants  and  animals.  The  Waimakariri  and 
Arthur’s  Pass  National  Parks,  and  the  reservation  of  much  of  Stewart 
Island,  are  largely  the  result  of  his  representations  to  the  Government. 
He  was  one  of  the  founders  of  the  Christchurch  Beautifying  Society,  and  for 
.some  years  honorary  secretary  and  honorary  curator.  For  a  few  years  he 
was  a  member  of  the  Christchurch  Domains  Board,  and  succeeded  in  having 


*  Tidal  Lands:  A  Study  of  Shore  Problems ,  p.  83;  1918. 


234  The  N.Z.  Journal  of  Science  and  Technology.  [July 

the  name  “  Domain  ”  changed  to  “  Botanic  Garden.”  In  1913  he  served 
on  the  Royal  Commission  on  Forestry.  Later  he  was  one  of  the  private 
Commission  appointed  by  the  trustees  of  the  Cawthron  Institute  to  advise 
them  regarding  the  form  the  late  Mr.  Cawthron’s  bequest  should  take. 

Besides  his  purely  scientific  writings,  he  has  published  much  of  a 
popular  character  in  the  leading  New  Zealand  newspapers.  One  series  of 
articles  after  being  revised  was  published  as  a  book  by  the  Department  of 
Education  in  1910.  This  book,  entitled  New  Zealand  Plants  and  their  Story, 
soon  after  its  publication  was  used  as  a  text-book  in  all  the  University 
colleges,  but  is  now  out  of  print,  and  a  new  and  revised  edition  is  to  be  pub¬ 
lished  shortly  as  a  manual  by  the  Board  of  Science  and  Art.  An  important 
public  service  rendered  was  his  suggesting  to  the  Canterbury  College  Board 
of  Governors  that  a  biological  experiment  station  should  be  founded  in  the 
upper  valley  of  the  Waimakariri.  The  Hon.  G.  W.  Russell,  then  Chairman 
of  the  Board,  heartily  supported  the  scheme,  which,  thanks  to  his  well- 
known  interest  in  science,  became  an  accomplished  fact. 

Early  in  1914  Dr.  Cockayne  completed  an  exhaustive  work,  “  The 
Vegetation  of  New  Zealand,”  on  which  he  had  been  engaged  for  many 
years.  It  was  to  form  one  of  the  volumes  of  Die  Vegetation  der  Erde,  and 
to  be  published  in  English  alone.  This  work  left  New  Zealand  in  May, 
1914,  and  as  to  its  fate  practically  nothing  is  known. 

In  April,  1914,  Dr.  Cockayne  left  Christchurch  and  took  up  his  residence 
in  Wellington,  where  he  has  continued  to  carry  on  his  researches.  Latterly 
he  has  been  engaged  on  economic  work.  A  report  on  a  disease  of  New 
Zealand  flax  for  the  Flax-millers’  Association  has  just  been  completed,  and 
an  economic  investigation  of  the  tussock-grasslands  of  the  South  Island, 
under  the  direction  of  the  Department  of  Agriculture,  is  in  progress. 


PROGRAMME  OF  THE  CONGRESS. 

The  general  programme  for  each  day  consisted  of  sectional  meetings  in 
the  mornings  for  the  reading  and  discussion  of  papers,  excursions  in  the 
afternoons,  and  public  lectures  in  the  evenings.  On  the  opening  day, 
Tuesday,  4th  February,  however,  a  general  meeting  of  members  was  held 
in  the  morning  to  hear  announcements  and  fix  the  programme,  after  which 
His  Worship  the  Mayor  of  Christchurch  entertained  the  members  of  the 
Congress  at  a  civic  reception.  The  opening  ceremony  was  held  on  the 
evening  of  the  same  day.  On  Thursday  afternoon,  6th  February,  Mr.  and 
Mrs.  E.  F.  Stead  gave  a  garden  party,  which  replaced  the  customary 
excursions.  On  Friday  morning,  7th  February,  after  the  conclusion  of  the 
sectional  meetings,  a  general  meeting  of  members  was  held  to  consider 
the  resolutions  brought  forward  by  the  various  sections  and  to  pass  votes 
of  thanks. 

Civic  Reception. 

On  Tuesday,  4th  February,  1919,  at  11.30  a.m.,  His  Worship  the  Mayor 
of  Christchurch,  H.  Holland,  Esq.,  gave  a  civic  reception  to  the  officers  of 
the  New  Zealand  Institute  and  to  the  visiting  members  in  the  City  Council 
Chamber.  The  meeting  was  largely  attended  by  members  of  the  City 
Council  and  by  many  prominent  citizens. 
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Addresses  of  welcome  were  delivered  by  the  Mayor  and  Dr.  C.  Coleridge 
Farr,  President  of  the  Philosophical  Institute  of  Canterbury,  and  were 
responded  to  by  Dr.  L.  Cockayne,  President  of  the  New  Zealand  Institute. 

» 

Garden  Party. 

On  Thursday  afternoon,  6th  February,  1919,  Mr.  and  Mrs.  E.  F.  Stead 
gave  a  garden  party  to  the  members  of  the  Institute  at  their  residence  at 
Ilam,  Riccarton.  There  were  present  His  Excellency  the  Governor-General, 
Lady  Liverpool,  and  suite,  the  President  of  the  Congress  (Dr.  L.  Cockayne, 
F.R.S.),  His  Honour  Sir  John  Denniston,  the  Mayor  of  Christchurch 
(H.  Holland,  Esq.),  Mrs.  Luke  (Mayoress  of  Wellington)  and  other  visiting 
Red  Cross  Council  delegates,  many  officers  and  members  of  the  Institute, 
and  a  large  number  of  citizens  of  Christchurch.  The  beautiful  lawns  and 
garden,  with  its  fine  representation  of  native  plants  and  its  winding  paths 
exhibiting  glorious  hydrangeas  growing  on  the  river-banks,  were  much 
enjoyed  by  the  visitors,  and  combined  with  the  brilliant  sunshine,  music, 
and  the  social  intercourse  to  make  the  occasion  memorable. 

Excursions. 

Alternative  excursions  were  made  on  the  afternoons  of  Tuesdav,  4th 
February,  to  Riccarton  Bush  and  Lincoln  College  ;  on  Wednesday,  5th 
February,  to  Dyer’s  Pass  on  the  Port  Hills,  and  to  Quail  Island,  Lyttelton 
Harbour  (Geological  Section)  ;  and  on  Friday,  7th  February,  to  various 
industrial  works  and  to  Grey  River  (Geological  Section).  By  the  courtesy 
of  the  Public  Works  Department,  members  of  the  Congress  were  enabled 
to  visit  the  Lake  Coleridge  hydro-electric  works  during  the  week-ends  both 
before  and  after  the  Congress. 

Riccarton  Bush. 

About  thirty  members  of  the  Congress  attended  the  short  excursion  to 
the  Riccarton  Bush  under  the  leadership  of  Mr.  J.  Deans  (Chairman, 
Riccarton  Bush  Board)  and  Professor  C.  Chilton  (representative  of  the 
Philosophical  Institute  of  Canterbury  on  the  Board). 

The  bush  was  presented,  some  years  ago,  by  the  Deans  family  to 
the  people  of  New  Zealand.  It  is  of  great  historical  importance,  as  it 
is  the  last  remnant  of  a  much  more  extensive  kahikatea  ( Podocarpus 
dacrydioides )  forest  which  occupied  certain  swampy  areas  of  the  Canter¬ 
bury  Plain.  The  bush  contains  at  the  present  time  sixty-eight  species  of 
indigenous  plants,  of  which  sixty-one  are  trees,  shrubs,  and  herbs — the 
latter  few  in  number  —  and  seven  are  ferns.  The  kahikatea-trees,  of 
which  the  forest  principally  consists,  are  full  of  vigour.  There  are 
fine  examples  of  the  pokaka  ( Elaeocarpus  Hookerianus).  The  milk-tree 
(Paratrophis  microphylla )  is  the  most  important  feature  of  the  under¬ 
growth.  Lianes  are  greatly  in  evidence,  and  the  climbing  stems  of  the 
bush-lawyers  ( Ruhus  cissoides  and  Rubus  subpauper atus  principally)  are  of 
the  largest  dimensions. 

Besides  the  bush,  which  created  great  interest,  at  t.he  invitation  of 
Mr.  Deans  the  party  visited  the  beautiful  private  grounds,  where  the  many 
fine  examples  of  exotic  trees  were  greatly  admired. 
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Lincoln  College. 

About  forty  members  of  the  Congress  visited  Lincoln  Agricultural 
College  by  motor-car  on  the  afternoon  of  Tuesday,  4th  February,  and  were 
entertained  to  tea  at  the  College  by  Mr.  and  Mrs.  Alexander.  Opportunities 
were  given  for  inspecting  the  building  and  laboratories,  after  which  the 
party  divided  into  two,  those  interested  in  stock  accompanying  Mr, 
Alexander  to  inspect  the  animals  of  the  College  farm,  while  the  remainder, 
under  the  guidance  of  Dr.  Hilgendorf,  visited  the  fields  devoted  to  the 
breeding  of  wheat  and  the  growing  of  seed  for  Canterbury  requirements 
(cf.  p.  279).  Much  interest  was  taken  in  some  strips  of  wheat  grown  from 
seed  collected  in  Gallipoli  and  Palestine,  the  contrast  with  selected  New 
Zealand  plants  showing  the  enormous  improvements  in  yield  of  corn  that 
could  be  brought  about  throughout  the  wrorld  by  breeding  and  selection. 

Dyer’s  Pass. 

This  excursion  proved  a  great  attraction.  It  was  under  the  leadership 
of  Mr.  H.  G.  Ell,  M.P.,  and  Mr.  R.  M.  Laing,  B.Sc.  Many  chose  to  walk 
from  Victoria  Park,  but  some  took  advantage  of  the  motors  provided  by  the 
Excursions  Committee.  When  the  summit  was  gained  the  less  enterprising 
contented  themselves  with  the  charming  view  of  Lyttelton  Harbour  and 
the  mountains  of  Banks  Peninsula,  which  bursts  all  of  a  sudden  into 
sight,  and  with  the  truly  excellent  afternoon  tea  provided  at  the  “  Sign 
of  the  Kiwi  ” — one  of  the  picturesque  stone  rest-houses  of  the  Summit 
Road  Association.  Those  who  desired  to  see  more  of  the  vegetation  of 
the  Port  Hills  than  had  been  afforded  by  the  tussock-grassland  fol¬ 
lowed  an  excellent  new  path  which  leads  below  the  cliffs  to  a  pretty 
piece  of  bush. 

At  the  rest-house  Mr.  Ell  welcomed  the  visitors  to  what  is  his  especial 
domain,  telling  them  something  about  the  admirable  work  of  the  Summit 
Road  Association.  The  President  of  the  New  Zealand  Institute  replied 
complimenting  Mr.  Ell  and  the  association  upon  the  splendid  success  of  their 
endeavours. 

At  present  the  Summit  Road  extends  from  Godley  Head  lighthouse 
well  on  towards  Gebbie’s  Valley — a  distance  of  twenty  miles.  Ultimately 
it  is  intended  to  extend  the  road  over  the  mountain-tops  right  to  Akaroa. 
All  along  the  route  reserves  have  been’  secured,  some  of  wrhich  contain  fine 
pieces  of  forest.  These  reserves,  twenty  in  all,  are  from  2  acres  to  595  acres 
in  extent,  but  the  greater  number  exceed  30  acres. 

Quail  Island. 

A  small  party  of  geologists  crossed  from  Lyttelton  to  Quail  Island  on 
the  afternoon  of  Wednesday,  5th  February,  and  visited  points  of  special 
interest  under  the  guidance  of  Mr.  R.  Speight,  who  has  recently  described 
the  area  in  his  paper  on  “  The  Geology  of  Banks  Peninsula  ”  [Trans.  N.Z. 
Inst.,  vol.  49,  pp.  365-92,  1917).  The  numerous  dykes  and  the  lithophyses 
m  the  rhyolites  excited  special  interest,  and  the  latter  were  vigorously 
collected.  On  the  return  to  Lyttelton  opportunity  was  taken,  whilst 
awaiting  a  train,  to  walk  a  short  distance  along  the  Sumner  Road  as  far 
as  the  exposure  of  the  tridymite  trachyte.  Attention  was  called  to  the 
stratified  so-called  loess  at  Lyttelton  by  Mr.  Wild,  on  which  a  paper  was 
later  to  be  submitted  to  the  Section. 
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Grey  River, 

By  the  kindness  of  Mr.  A.  Dobson  and  Dr.  Hilgendorf  the  members  of 
the  Geological  Section  and  a  few  others  drove  in  cars  to  the  Grey  River 
on  the  afternoon  of  Friday,  7th .  February.  The  party  proceeded  up  the 
river  as  far  as  time  would  allow,  inspecting  the  series  of  gravels  and  silts 
of  which  Mr.  R.  Speight  had  treated  in  his  paper  to  the  Section  on  “  The 
Older  Gravels  of  North  Canterbury.”  Various  junctions  were  pointed  out  by 
Mr.  Speight  where  appearances  of  unconformity  within  the  series  existed. 
Unfortunately,  time  did  not  permit  of  following  the  section  downwards 
into  the  fossiliferous  marine  beds. 

Lake  Coleridge. 

Owing  to  the  large  number  of  visitors  wishing  to  see  the  Lake  Coleridge 
hydro-electric  works,  three  separate  excursions  were  arranged  on  the  week¬ 
ends  before  and  after  the  Congress.  The  visitors  were  given  opportunities 
of  inspecting  Lake  Coleridge,  the  intake,  the  pipe-line,  and  the  power¬ 
house,  while  the  transmission-lines  were  seen  on  the  motor  iournev  from 
Christchurch  to  the  lake. 


OPENING  CEREMONY. 

The  opening  ceremony  was  held  in  Canterbury  College  Hall  on  Tuesday, 
4th  February,  at  8  p.m.  The  chair  was  taken  by  the  President,  Dr.  L. 
Cockayne,  F.R.S.,  and  there  were  present  His  Excellency  the  Governor- 
General,  Lady  Liverpool,  and  suite  ;  the  Hon.  G.  W.  Russell,  Minister  of 
Internal  Affairs  ;  His  Worship  the  Mayor  of  Christchurch  (H.  Holland, 
Esq.)  ;  the  Chairman  of  the  Board  of  Governors  of  Canterbury  College 
(H.  D.  Acland,  Esq  )  ;  and  a  large  number  of  members  of  the  Institute 
and  their  friends. 


Address  by  His  Excellency  the  Governor-General. 

It  gives  me  great  pleasure  to  attend  the  Congress  with  Her  Excellency. 
I  come  in  the  capacity  not  of  a  spokesman  or  speechmaker,  but  of  a  listener 
and  a.  learner.  I  would  ask  those  present  to  remember  that  there  are 
gathered  in  the  hall  a  large  number  of  the  best  brains  of  New  Zealand. 
The  variety  of  subjects  set  down  for  discussion,  I  hope,  will  be  considered 
not  only  from  the  view  of  their  intrinsic  value,  but  also  from  a  larger 
point  of  view — namely,  that  of  the  community.  Glancing  over  the  list, 
I  note  three  subjects  of  world-wide  interest.  One  is  public  health,  and 
deals  with  the  epidemic  that  recently  spread  throughout  the  Dominion. 
It  has  occupied  the  minds  of  many  scientists  and  medical  men  in  all  parts 
of  the  world,  but  only  its  fringe  has  been  touched.  Nothing  is  known  of 
the  origin  of  the  disease,  or  even  of  the  disease  itself.  I  took  upon  myself 
to  send  a  personal  telegram  to  the  then  Secretary  of  State  for  the  Colonies, 
Mr.  Long,  suggesting  that  the  time  had  arrived  when  certain  diseases 
could  be  made  notifiable  throughout  the  world,  and  be  treated  in  the  same 
way  as  the  plague  and  cholera,  which  were  the  commonest  of  the  notifiable 
diseases  that  could  be  transmitted  by  one  nation  to  another.  Within  the 
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past  few  days  I  have  received  a  personal  telegram  from  the  Governor- 
General  of  the  South  African  Union,  taking  exactly  the  same  view  as 
myself,  and  asking  me  to  forward  suggestions  on  these  lines  to  His  Majesty’s 
Government  at  Home.  I  have  not  had  an  opportunity  to  mention  the 
subject  to  the  Minister  of  Public  Health  in  New  Zealand,  but  from  what 
that  gentleman  has  said  to  me  I  am  convinced  -that  he  will  be  of  the  same 
mind. 

Another  subject  on  the  list  will  be  dealt  with  by  Mr.  W.  H.  Skinner 
It  is  afforestation  in  New  Zealand.  I  do  not  wish  to  go  down  to  posterity 
as  a  “  crank,”  but  during  the  hearty  welcomes  I  have  received  through¬ 
out  the  Dominion  I  cannot  help  noticing  the  manner  of  dealing  with  the 
country’s  timbers.  What  a  tremendous  waste  of  good  material  has  taken 
place  !  I  do  not  say  that  it  could  be  helped,  but  it  must  be  obvious  to 
everybody  that  there  has  been  an  enormous  waste.  The  time  will  come 
when  this  country  will  feel  the  want  of  the  timber  severely,  from  a 
utilitarian  as  well  as  a  scenic  point  of  view. 

The  third  subject  on  the  list  I  wish  to  refer  to  specially  is  the  develop¬ 
ment  of  the  oil  industry.  About  two  years  ago  a  committee  was  appointed 
under  the  auspices  of  Lord  Harcourt,  Secretary  of  State  for  the  Colonies, 
to  deal  with  the  shortage  of  oil  deposits  in  the  British  Empire,  and  some 
four  months  ago  a  despatch  was  sent  to  New  Zealand  asking  it  to  do  all 
it  could  to  help  the  industry.  There  is  no  doubt  that  the  development 
of  the  industry  in  New  Zealand  has  not  gone  on  apace.  It  is  a  vital 
question,  and  will  become  more  vital  as  time  goes  on,  and  as  more  vessels 
are  converted  to  be  used  for  oil  instead  of  coal.  The  whole  trend  of  events 
is  to  encourage  the  nation’s  resources  within  the  Empire.  There  are  three 
main  places  from  which  oil  is  taken — Rumania,  the  country  surrounding 
the  Caspian  Sea,  and  Mexico.  If  some  means  could  be  found  to  get  supplies 
from  other  places  it  would  be  of  immense  value  to  the  Empire  at  large. 

A  fourth  important  subject  is  the  development  of  the  Dominion’s 
fisheries.  The  Hon.  G.  M.  Thomson  has  shown  me  at  Dunedin  what  was 
being  done  in  connection  with  sea-water  fishes  such  as  were  known  in  the 
waters  around  the  United  Kingdom.  When  I  first  came  to  New  Zealand 
I  read  of  the  Dominion’s  trout-fishing.  The  trout  is  the  best  of  the  fresh¬ 
water  fishes,  with  the  exception,  perhaps,  of  the  salmon,  and  it  was  stated 
that  New  Zealand  trout-fishing  was  the  best  in  the  world.  During  the 
time  I  have  been  in  New  Zealand  fishing  here  has  deteriorated  enormously. 
I  hope  that  scientists  will  develop  a  scheme  by  which  New  Zealand  will 
maintain  her  reputation  in  that  respect.  I  am  pleased  to  declare  the 
Congress  open. 


Address  by  the  Hon.  G.  W.  Russell,  Minister  of  Internal 

Affairs. 


I  have  to  thank  Your  Excellency  for  opening  this  Congress,  which 
marks  an  important  advance  in  science  in  the  Dominion.  I  trust  a  Science 
Congress  will  in  future  be  held  annually.  Hitherto  we  have  not  as  a  people 
sufficiently  realized  the  importance  of  scientific  knowledge.  We  have 
depended  almost  entirely  upon  the  primary  products— wool,  meat,  butter, 
cheese,  flax,  and  cereals.  The  great  war,  however,  has  brought  home  to 
us  the  lessons  that  if  we  are  to  carry  our  financial  burdens  successfully 
we  must  have  more  population,  we  must  develop  our  latent  mineral 
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resources  and  fisheries,  we  must  increase  production,  and  we  must  decrease 
our  imports  by  manufacturing  ourselves  many  things  which  now  we  import 
from  overseas.  We  must  have  more  population,  and  the  best  we  can  obtain 
is  from  our  own  sturdy  people.  The  shrinking  birth-rate  represents 
a  social,  an  ethical,  and  a  scientific  problem  that  must  be  faced.  The 
Government  Statistician  reported  to  me  some  time  ago  that  had  the  natural 
increase  rate  of  1882-86  (24*56  per  1,000  of  mean  population)  been  main¬ 
tained  to  the  end  of  1915  it  would  have  meant  an  approximate  increase 
of  240,000  persons  over  the  population  at  31st  December,  1915.  We  must 
develop  our  latent  mineral  resources  of  coal,  iron,  mineral  oil,  and  other 
undeveloped  wealth.  We  must  develop  our  fisheries  in  order  to  secure  the 
harvest  of  the  sea  for  the  nutriment  of  our  population  with  phosphatic 
food  as  an  alternative  to  high-priced  meat  food,  and  in  order  to  provide 
employment  for  a  race  of  fishermen  whose  services  would  be  available  for 
naval  defence.  We  must  increase  production  by  making  three  blades  of 
grass  grow  where  one  is  growing  now,  and,  above  all,  by  learning  how  to 
farm  successfully  the  vast  areas  of  land  now  unoccupied,  but  which,  I  am 
satisfied,  fuller  knowledge  and  wider  experience  will  make  reproductive 
and  useful.  We  must  decrease  our  imports  by  establishing  secondary 
industries  which  will  keep  in  the  country  money  now  being  sent  away, 
and  thus  provide  employment  for  our  present  and  future  population. 
Down  to  1911  the  rural  population  exceeded  that  in  the  towns  and 
boroughs,  but  the  census  of  1916  showed  that  53*24  per  cent,  of  the 
population  resided  in  the  municipalities,  and  if  the  town  districts  and 
suburban  county  areas  were  included  I  am  of  opinion  that  60  per  cent, 
would  be  a  correct  estimate.  The  employment  of  our  city  and  borough 
populations  is  a  problem  we  must  face.  Much  is  being  done  to  assist  our 
industries  by  the  development  of  the  hydro-electric  resources  of  the 
Dominion.  In  them  we  have  a  huge  undeveloped  asset,  and  they  will  do 
for  the  secondary  industries  what  the  railways  have  done  for  the  primary 
products.  I  regard  the  immediate  development  of  our  hydro-electric 
resources  as  the  most  clamant  need  of  the  Dominion.  But  above  and 
beyond  all  the  material  things  I  have  stated,  we  must  have  a  healthy  and 
educated  population.  Not  one  of  the  things  I  have  suggested  is  to  be 
regarded  as  a  dream,  a  vision,  or  even  an  ideal.  They  are  all  practicable, 
and  can  be  attained  with  effort  directed  by  science  and  assisted  bv  money. 
Governments  are  not  scientific  bodies,  but  they  control  the  finance,  and 
in  the  various  Departments  of  State  there  is  an  able  body  of  men  who, 
if  linked  up  with  the  scientific  men  and  associations  outside  the  Depart¬ 
ments,  can  be  of  great  service  in  developing  the  Dominion.  What  I  ask 
for  is  the  co-ordination  of  public  and  private  scientific  knowledge.  During 
the  last  few  years  a  little — a  very  little — has  been  accomplished  in  this 
direction.  Instead  of  science  being  a  side-show,  it  must  be  made  one  of 
the  main  objects  and  purposes  of  national  life  and  organization.  Our 
Geological  Department  should  go  over  the  country  and  wrest  from  nature 
its  mineral  wealth — not  by  prospecting-parties  of  untrained  gold-seekers, 
but  by  scientific  mineralogists  who  know  every  stone  and  can  follow  up 
and  explore  every  indication  they  see.  The  laboratories  connected  with 
the  four  University  colleges  should  be  enlarged  and  strengthened  in  equip¬ 
ment  and  staff,  so  that  every  problem  of  industry  can  be  tackled  and 
solved.  Our  agricultural  colleges  should  be  multiplied  and  expanded,  and 
have  special  laboratories  and  testing-stations,  that  our  seeds  and  fertilizers 
and  methods  may  be  improved  and  adapted  to  the  varying  soils  of  the 
Dominion. 
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The  Statistical  Department  is  being  rapidly  improved  and  extended, 
and  I  place  great  value  upon  its  work.  The  latest  development  is  that 
an  industrial  census  is  to  take  place  each  year,  instead  of  every  five  years 
as  hitherto.  This  will  be  of  great  value  in  assisting  both  employers  and 
workers,  and  I  confidently  look  to  those  engaged  in  industries  to  assist 
this  Department. 

What  is  required,  I  think,  is  the  creation  of  a  scientific  atmosphere 
throughout  the  Dominion.  It  must  begin  in  the  primary  schools,  where 
90  per  cent,  of  the  children  receive  their  whole  education.  An  afternoon 
session  occupied  by  a  science  lecturer,  assisted  by  experiments,  would 
impress  many  juveniles,  and  create  a  desire  to  know  more,  which  is  the 
first  step  in  knowledge.  And  in  the  same  way  science  should  permeate 
our  whole  education  system.  I  look  for  great  benefit  from  the  workers’ 
education  scheme,  which  should  be  extended  everywhere.  Also,  I  have 
always  held  that  our  college  professors  should  not  be  entirely  in  the  class¬ 
room  and  study,  but  should  from  time  to  time  give  to  the  people  the 
results  of  their  studies  in  the  form  of  public  lectures  such  as  those  that  were 
given  in  this  hall  in  past  years,  and  which  drew  each  winter  crowded 
audiences.  There  is  much  more  appreciation  of  science  than  we  are  inclined 
to  believe. 

Finally,  the  State  must  be  prepared  to  foot  the  bill.  I  therefore  urge 
the  Science  Congress  to  press  upon  the  Government — upon  the  Government 
now  in  office  and  each  succeeding  Government — that  without  Govern¬ 
mental  expenditure  science  cannot  grow  and  expand  ;  that  scientists  cannot 
live  on  air  or  on  the  hope  of  posthumous  fame,  and  that  therefore  if  the 
Dominion  is  to  develop  by  means  of  science  adequate  funds  must  be  pro¬ 
vided  for  research,  for  the  training  of  teachers  and  professors,  for  the 
equipment  of  laboratories  and  staffs,  and  for  the  creation  of  the  scientific 
atmosphere  of  which  I  have  spoken. 

Before  I  sit  down  may  I  congratulate  Dr.  Cockayne  upon  his  election 
as  President  of  the  Institute  and  of  this  Congress.  His  devotion  to  science 
is  fully  recognized  throughout  the  Dominion  and  also  beyond  it.  A  number 
of  years  ago  he  published  a  botanical  work  on  the  trees  and  plant-life  of 
New  Zealand.  This  work  being  out  of  print,  the  President  has  kindly 
consented  to  prepare  a  second  edition,  enlarged  and  brought  up  to  date, 
which  is  now  being  printed  at  the  Government  Printing  Office.  It  will  be 
a  text-book  for  our  schools  and  colleges,  and  I  have  pleasure  in  stating 
the  copyright  has  been  presented  to  the  Government  by  the  learned  author. 


Presidential  Address  by  Dr.  L.  Cockayne,  F.L.S.,  F.R.S. 

Your  Excellencies,  Ladies  and  Gentlemen, — At  those  great  Science 
Congresses  held  by  the  British  Association  for  the  Advancement  of  Science 
— the  mother  of  such  associations  throughout  the  world — the  President  has 
dealt  not  infrequently  with  the  more  recent  history  of  scientific  advance 
in  that  special  branch  of  knowledge  which  is  his  life-work.  At  future  public 
meetings  of  the  New  Zealand  Institute  addresses  of  like  character  would  be 
most  desirable.  The  history  of  New  Zealand  science  itself  in  its  various 
branches  would  be  of  especial  moment  and  form  a  basis  for  further  advance. 
But  on  this  occasion — the  first  time,  indeed,  that  the  New  Zealand  Institute 
since  its  initiation  has  come  before  the  public— it  seems  fitting  rather  to 
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deal,  but  of  necessity  briefly,  with  the  history  of  the  Institute  itself, 
touching  on  its  modest  beginnings,  its  past  achievements — if  I  dare  so 
call  them— and  its  activities  at  the  present  time.  Then  I  shall  say 
something  about  what  I  take  to  be  the  aspirations  of  the  Institute,  and 
its  aims. 

To  the  great  majority  of  the  people  of  this  Dominion  the  New  Zealand 
Institute  is  at  best  but  a  name.  The  world  over,  the  incalculable  benefits 
of  science  are  accepted  without  a  thought  as  to  how  or  from  whom  such 
benefits  are  derived. 

This  present  time  is  assuredly  a  critical  period  in  the  history  of  mankind  ; 
it  is  even  a  critical  period  in  the  history  of  this  wonderful  New  Zealand, 
endowed  though  she  be  with  an  infinity  of  riches  and  potentialities  for 
greatness.  At  no  time  in  the  history  of  the  British  Empire  has  the  untiring 
prosecution  of  science  been  more  urgently  demanded. 

As  for  New  Zealand,  it  is  not  sufficient  to  rely  upon  investigations 
carried  on  beyond  her  borders.  She  has  her  special  problems,  which  can 
be  solved  only  upon  her  own  soil,  and  which  ought  surely  to  be  investigated 
by  her  own  sons  and  daughters.  It  is  essential,  then,  that  the  sole  scientific 
body  of  the  Dominion — the  New  Zealand  Institute — should  get  into  much 
closer  touch  with  the  people,  and  that  the  relation  of  the  Institute  to  the 
progress  of  the  Dominion,  both  materially  and  intellectually,  should  become 
more  fully  understood. 

The  New  Zealand  Institute  had  its  beginnings  in  certain  small  societies 
which  were  formed  at  Nelson  and  Wellington  respectively  in  the  early  days 
of  those  provinces.  The  colonists  had  brought  with  them  the  freedom 
and  the  manners  and  customs  of  the  Motherland,  and,  so  equipped,  their 
intention  was  to  form  a  Britain  in  this  far  south.  Evidently  some  of 
these  colonists  were  not  forgetful  of  those  splendid  British  learned  societies 
which  had  their  origin  in  that  small  coterie — soon  to  become  the  Royal 
Society — -which  met  in  London  in  1651,  even  while  the  Civil  War  was 
raging.  Therefore  quite  early  certain  scientific  bodies  were  established .  The 
Nelson. Society  yet  remains  as  the  Nelson  Institute.  The  New  Zealand 
Society  founded  in  Wellington  in  1851  by  Sir  George  Grey  soon  became 
defunct  owing  to  the  departure  of  its  gifted  founder  from  New  Zealand. 
In  1859  a  new  society,  but  bearing  the  same  name  was  formed  in 
Wellington.  Some  years  later,  at  the  instance  of  Bishop  Abraham,  the 
name  was  changed  to  the  “  Wellington  Philosophical  Society/’  In  1862 
the  Philosophical  Institute  of  Canterbury  was  founded,  and,  later  on,  the 
Auckland  Institute.  All  the  above  bodies  had  as  their  main,  though  not 
their  sole,  object  the  prosecution  of  scientific  research.  Amongst  the  earliest 
workers  the  names  of  Buchanan,  Buller,  Colenso,  Haast,  Hector,  Monro, 
Sinclair,  and  Travers  stand  out  prominently.  These  small  societies  were 
greatly  hampered  not  only  through  lack  of  funds,  but  for  want  of  a  local 
journal  in  which  the  results  of  the  investigations  of  their  members  could 
be  published.  This  crying  need  was  met  by  the  establishment  in  1867  of 
the  New  Zealand  Institute  by  means  of  an  Act  of  the  General  Assembly. 
The  Institute  as  thus  constituted  consisted  of  a  Board  of  Governors,  three 
of  whom  were  members  ex  officio,  six  were  nominated  by  the  Government, 
and  three  were  elected  by  the  Board  of  Governors  from  nominees  of  the 
incorporated  societies.  Dr.  (afterwards  Sir  James)  Hector,  F.R.S.,  was 
appointed  Manager — a  position  unknown  in  learned  societies  in  general. 
This  important  post  he  filled  most  ably  until  his  retirement  from  the  Public 
Service  in  the  year  1903. 
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The  societies  originally  incorporated  with  the  New  Zealand  Institute 
were  the  Wellington  Philosophical  Society,  the  Auckland  Institute,  the 
Philosophical  Institute  of  Canterbury,  and  the  Westland  Naturalists’  and 
Acclimatization  Society.  A  year  later  (1869)  the  Otago  Institute  was  incor¬ 
porated,  and  in  1874  and  1875  the  Hawke’s  Bay  Philosophical  Institute. 
Each  incorporated  society  had  by  statute  to  consist  of  “  not  less  than 
twenty-five  members,  subscribing  in  the  aggregate  a  sum  of  not  less  than 
fifty  pounds  sterling  annually  for  the  promotion  of  art,  science,  or  such 
other  branch  of  knowledge  for  which  it  is  associated.”  Moreover,  each 
incorporated  society  had  to  spend  not  less  than  one-third  of  its  annual 
revenue  towards  a  local  public  museum  or  library,  or  towards  the  exten¬ 
sion  or  maintenance  of  the  museum  and  library  of  the  New  Zealand 
Institute. 

This  provision  has  led  to  the  building-up  of  scientific  libraries  in 
Auckland,  Wellington,  Christchurch,  and  Dunedin,  which,  though  inade¬ 
quate  for  many  classes  of  research,  have  been  and  still  are  of  no  small 
benefit  to  New  Zealand  science. 

The  most  important  feature  of  the  New  Zealand  Institute  was,  however, 
that  it  provided,  and  at  first  adequately  enough,  for  the  publication  of 
scientific  papers  of  all  kinds.  This  was  made  -possible  by  a  statutory 
grant  of  £500  per  annum — quite  a  bold  step  for  a  young  colony,  and  one 
which  showed  great  foresight  in  the  Government  of  the  day.  The  publi¬ 
cations  were  to  consist  of  Transactions  of  the  New  Zealand  Institute  and 
Proceedings  of  the  New  Zealand  Institute;  the  latter  was  to  give  a 
current  abstract  of  the  proceedings  of  the  incorporated  bodies  and  the 
former  to  consist  of  selected  papers  read  before  them.  These  two  publi¬ 
cations  are  issued  in  one  volume  under  the  title  Transactions  and  Proceed¬ 
ings  of  the  New  Zealand  Institute ,  which,,  in  citation,  is  usually  limited  to 
Transactions  of  the  New  Zealand  Institute ,  as  the  Proceedings  are  at  best 
of  mere  local  or  ephemeral  interest.  So  far  fifty  volumes  have  been 
published — fie.,  a  volume  every  year  since  1869. 

In  addition  to  publishing  scientific  papers  and  forming  a  library,  the 
Institute  at  first  had  control  of  the  Colonial  Museum,  the  Colonial  Labora¬ 
tory,  and  the  meterological  records.  All  the  above  were  under  the 
direction  of  Dr.  Hector,  who  was  also  Director  of  the  Geological  Survey. 

The  inaugural  meeting  of  the  New  Zealand  Institute  was  held  on  the 
evening  of  the  4th  August,  1868,  “  when  ”  (so  read  the  minutes  of  the 
meeting)  “  many  members  of  various  local  societies  for  the  promotion  of 
art  and  science  assembled  to  listen  to  the  inaugural  address  of  the 
Governor,”  who  at  that  time  was  ex  officio  President  of  the  Institute. 
In  his  prefatory  remarks  His  Excellency,  referring  to  the  presence  of  so 
many  members  of  the  Legislature  while  an  important  debate  was  in 
progress  in  the  House  of  Representatives,  said  their  presence  was  “  a  proof 
that  the  attractions  of  intellect  and  science  could  even  triumph  over  the 
excitement  of  politics.”  After  His  Excellency  had  delivered  his  address, 
which  may  be  seen  in  volume  1  of  the  Transactions  of  the  New  Zealand 
Institute ,  Mr.  Fox  delivered  a  truly  eloquent  speech.  I  should  like  to 
quote  it  in  full,  but  must  be  content  with  a  few  extracts.  Everywhere, 
he  said,  describing  what  he  had  seen  during  his  recent  visit  to  Europe 
and  Asia,  the  mighty  developments  of  Western  civilization  were  marvellous. 
It  was  something  to  see  in  Egypt — the  cradle  of  learning,  and  the  tomb 
of  a  past  civilization — Western  Europe  taking  back  to  her  the  results,  of 
a  little  seed  which  ages  ago  had  been  sown  on  the  banks  of  the  mighty 
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Nile.  In  Greece  the  same  metamorphosis  was  in  progress.  Rome,  too, 

was  being  elevated  from  its  ruins.  We  in  New  Zealand  were  not 

behindhand,  the  speaker  declared,  but  were  engaged  in  the  heroic  work 
described  by  Lord  Bacon — we  were  here  to  lay  the  basis  of  a  true 

civilization  ;  not  only  to  subdue  nature  and  till  the  soil,  but,  impelled 
by  Anglo-Saxon  ardour  and  energy,  to  develop  all  that  was  worthy  of 
development. 

The  first  volume  of  the  Transactions  of  the  New  Zealand  Institute 
appeared  in  May,  1869.  In  the  preface  is  a  list  of  thirty-one  subjects 
which  the  Editor  suggested  should  be  dealt  with  by  the  various  incorporated 
societies.  Most  of  these  subjects  are  strictly  utilitarian— e.g.,  fisheries, 
best  localities  and  seasons  for  fishing  ;  habits  of  animals,  especially  of 
those  destructive  to  trees  and  cultivated  plants  ;  plants  suitable  for  live 
fences  in  this  country  ;  experiments  in  the  improved  breeding  of  stock  ; 
plans  and  descriptions  of  mines  ;  harbour  improvements  ;  proposed  lines 
of  railway  ;  machines  and  processes  for  washing  sheep  ;  adulteration  of 
food.  It  rather  looks  as  if  the  Manager  were  attempting  to  camouflage 
the  public  ;  even  meteorological  phenomena  has  the  word  “  extraordinary  ” 
before  it,  while  plants  or  animals  to  be  of  interest  must  be  “  rare.”  There 
is  hardly  a  mention  of  those  subjects  which  have  filled  most  of  the  fifty 
volumes  ! 

In  the  year  1903  Sir  Janies  Hector  resigned  the  Directorship  of  the 
Museum  and  the  Geological  Survey,  and  with  these  the  position  of  Manager 
of  the  Institute.  For  a  number  of  years  the  members  of  the  incorporated 
societies  had  been  dissatisfied  with  their  scanty  representation  on  the 
Board  of  Governors  and  their  right  of  nomination  only.  Consequently  the 
retirement  of  Hector  gave  a  chance  for  the  Institute  to  be  reconstructed. 
The  matter  was  taken  up,  in  the  first  place,  by  the  Philosophical  Institute 
of  Canterbury,  which,  supported  by  the  other  societies,  succeeded  in 
getting  a  new  Act  passed  in  1903  by  which  the  major  societies  each 
elected  two  Governors  and  the  minor  societies  each  one  Governor.  Thus 
at  the  present  time  the  nine  affiliated  societies  are  represented  by  thirteen 
members,  there  are  two  ex  officio  members  (His  Excellency  the  Governor- 
General  and  the  Hon.  the  Minister  of  Internal  Affairs),  and  there  are  four 
members  nominated  by  the  Government.  Instead  of  there  being  a  permanent 
Manager,  the  Governors  must  elect  a  President,  who  need  not  of  necessity 
be  one  of  themselves.  The  above  and  other  regulations  which  need  not 
be  detailed  put  the  New  Zealand  Institute  on  an  entirely  new  footing. 
No  longer  was  the  policy  to  be  directed  entirely  from  Wellington  ;  no 
longer  was  the  supreme  power  to  be  in  the  hands  of  one  alone — no  matter 
how  capable — but  the  whole  Dominion  could  take  a  hand  ;  in  short,  from 
autocratic  the  Institute  became  democratic. 

The  first  President  of  the  reconstructed  Institute  was  the  late  Captain 
F.  W.  Hutton,  F.R.S.  What  he  has  done  for  New  Zealand  science  need 
not  be  told  to  a  Christchurch  audience.  He  was  succeeded  by  the  late 
Sir  James  Hector,  F.R.S.,  a  fitting  compliment  to  one  who  had  virtually 
founded  the  Institute,  raised  it  to  a  proud  position  amongst  the  learned 
societies  of  the  world,  and  gained  an  honoured  name  amongst  the  scientific 
men  of  the  last  century.  Next  came  the  Hon.  G.  M.  Thomson,  F.L.S., 
whose  connection  with  the  Institute  dates  from  1872.  He  has  published 
many  excellent  papers,  both  zoological  and  botanical,  one  of  the  latter, 
dealing  with  the  pollination  of  New  Zealand  plants,  being  a  classic. 
Further,  above  all,  in  season  and  out  of  season  has  Mr.  Thomson  striven 
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to  advance  the  cause  of  science.  Then  the  late  Mr.  Augustus  Hamilton 
occupied  the  chair,  a  man  of  wide  knowledge  with  many  scientific  interests  ; 
the  author,  too,  of  that  splendid  pioneer  work  Maori  Art.  Then  came 
New  Zealand’s  premier  botanist,  Mr.  T.  F.  Cheeseman,  F.L.S.,  who  has 
been  a  member  of  the  Institute  since  its  foundation,  and  whose  first  paper 
in  the  Transactions  appeared  in  1871,  in  the  fourth  volume.  But  not  in 
pure  science  alone  is  Cheeseman  truly  great  ;  under  considerable  difficul¬ 
ties  he  has  built  up  the  admirable  Auckland  Museum.  After  Cheeseman 
came  Professor  Charles  Chilton,  D.Sc..  C.M.Z.S.  Since  he  first  joined  the 
Institute  in  1881  he  has  year  by  year  added  to  the  world’s  knowledge  of 
the  Crustacea,  so  that  now  he  is  the  foremost  authority  of  the  day  on  that 
group  so  far  as  the  great  Southern  Hemisphere  is  concerned.  Mr.  Donald 
Petrie,  M.A.,  was  the  next  President.  He  has  done  much  for  the  Institute. 
Paper  after  paper  shedding  a  flood  of  light  on  the  New  Zealand  flora,  he  has 
produced  since  the  year  1879.  He  and  the  Hon.  G.  M.  Thomson  were 
the  first  to  explore  Stewart  Island  scientifically.  Furthermore,  Mr.  Petrie 
is  the  leading  authority  on  the  classification  of  New  Zealand  grasses. 
Then  (1916-17)  Professor  W.  B.  Benham,  F.R.S.,  occupied  the  chair.  He 
was  the  first  representative  of  our  men  of  science  who  had  come  much 
later  into  the  Institute  than  the  foregoing.  His  scientific  work  in  New 
Zealand  broke  new  ground  when  he  carefully  studied  the  earthworms  and 
through  this  study  threw  great  light  on  the  relation  of  the  New  Zealand 
biological  world  to  that  of  South  America. 

Perhaps  the  most  noticeable  change  brought  about  since  the  reorganiza¬ 
tion  of  the  New  Zealand  Institute  has  been  a  considerable  improvement 
both  in  the  matter  and  in  the  mode  of  presentation  of  the  papers  published. 
The  greater  number  of  the  papers  which  have  appeared  of  recent  years 
would  have  been  accepted  by  the  scientific  journals  of  Great  Britain  or 
America,  if  the  numerous  papers  strictly  of  local  interest  be  excluded  from 
this  estimate. 

This  too  brief  history  of  the  New  Zealand  Institute  has  cleared  the 
path  for  an  account  of  what  the  Institute  has  done  towards  advancing 
science.  This  can  be  seen,  in  part,  by  giving  a  few  statistics  regarding 
the  papers  which  have  appeared  in  the  fifty  volumes  of  the  Transactions. 

To  begin  with,  the  total  number  of  papers  in  the  fifty  volumes  is  3,117, 
making  about  sixty  contributions  each  year.  The  above  estimate  does  not 
include  abstracts  of  communications  published  in  the  Proceedings  ;  if  such 
are  considered,  the  contributions  of  all  kinds  exceed  four  thousand.  The 
whole  of  these  papers,  many  the  results  of  months  of  toil,  have  been  pro¬ 
duced  without  pay  of  any  kind,  while  many  have  represented  no  small 
monetary  outlay.  Only  a  few  of  the  authors  were  professional  scientific 
men  ;  most  were  daily  engaged  in  other  pursuits — they  had  only  their  few 
hours  of  leisure  for  study  and  research.  All  classes  of  the  community  have 
borne  their  share  in  the  labour'  of  love  :  there  are  contributions  by  more 
than  one  Governor  of  the  colony  ;  there  are  others  by  working-men.  Class 
distinctions  cease  to  be  in  the  pages  of  these  historic  volumes.  Taking 
the  papers  themselves,  there  are  certainly  various  degrees  of  merit.  Some 
have  gained  a  place  in  the  select  scientific  literature  of  the  world — no 
mean  achievement — while  a  few  should  never  have  been  published. 
Generally  speaking,  there  are  not  many  papers  which  do  not  fill  a  want, 
and  as  a  whole  they  shed  a  strong  light  upon  the  natural  history  of  New 
Zealand,  and  tell  not  a  little  regarding  the  general  progress  of  the  Dominion. 
Surely  no  five  hundred  pounds  yearly  of  the  people’s  money  has  been  spent 
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more  profitably  or  more  for  the  benefit  of  the  people  themselves  than 
that  which  has  produced  these  fifty  volumes. 

If  an  analysis  be  made  of  the  contents  of  the  fifty  volumes,  using  the 
same  classification  of  subjects  as  in  the  index  to  the  first  forty  volumes, 
except  that  the  two  headings  “  Trade  ”  and  54  Economics  ”  are  united 
under  the  latter  name,  the  following  is  the  result,  the  number  after  each 
subject  denoting  the  number  of  published  contributions  :  Zoology,  1,143  ; 
botany,  654  ;  geology,  503  anthropology,  204  ;  physics,  including  astro¬ 
nomy  and  meteorology,  152  ;  chemistry,  135  ;  engineering,  76  ;  mathe¬ 
matics,  40  ;  economics,  37  ;  history,  34 ;  presidential  addresses,  29  ; 
metaphysics,  22  ;  medicine,  20  ;  literature,  15  ;  education,  statistics,  and 
obituary  notices,  12  each. 

Certain  of  the  above  numbers  do  not  reflect  accurately  the  scientific 
output  of  members  of  the  Institute.  At  times  specially  important  papers 
have  been  published  in  scientific  journals  of  Great  Britain.  Geology  since 
the  very  early  days  of  the  colony  has  had  State  assistance,  and  much 
research  has  found  its  way  into  Government  publications.  So,  too,  the 
Departments  of  Agriculture  and  Lands  have  published  a  good  deal  which 
otherwise  would  have  found  its  way  into  our  Transactions .  In  the  case 
of  anthropology,  the  excellent  Polynesian  Journal  has  published  much 
which  otherwise  would  have  come  before  our  Institute. 

A  consideration  of  the  statistics  given  above  shows  clearly  that  natural 
history,  using  that  term  in  a  broad  sense,  fills  the  greater  part  of  the 
volumes.  This  was  to  be  expected  in  a  new  land  with  both  the  fauna  and 
the  flora  so  little  investigated  and  containing  so  much  that  is  endemic. 
Also,  if  the  papers  on  zoology  and  botany  be  referred  to,  it  will  be  seen 
that  by  far  the  greater  part  are  devoted  to  classification.  This  must  have 
been  so  ;  it  is  the  natural  evolutionary  process  in  the  history  of  biological 
research  the  world  over.  But  even  in  New  Zealand  this  stage  is  passing 
away,  and  in  botany  the  ecological  study  of  the  vegetation  as  opposed  to 
the  floristic  study  of  the  species  is  making  headway,  and  is  even  being 
applied  to  economic  ends— another  step  in  the  evolution  of  a  science.  So, 
too,  in  zoology,  animal  ecology,  a  more  difficult  stud}q  is  also  coming  to 
the  fore.  Botany  with  its  654  papers  apparently  makes  a  poor  showing 
alongside  zoology  with  its  1,143  contributions.  It  must  be  remembered, 
however,  that  there  are  many  groups  of  animals,  and  frequently  a  worker 
confines  himself  to  one  group.  Also,  a  considerable  number  of  papers  deal 
with  birds,  a  subject  in  which  so  many  people  take  an  interest  who  really 
care  little  for  science  as  a  whole.  As  for  chemistry  and  physics,  which 
make  but  a  poor  showing  in  the  work  of  the  New  Zealand  Institute,  it  must 
be  pointed  out  that  little  progress  can  be  made  in  these  sciences  without 
well-equipped  chemical  and  physical  laboratories  and  men  specially  trained 
in  such.  Laboratories  of  this  class  are  now  attached  to  the  various 
University  colleges,  and  chemical  and  physical  contributions — the  work  of 
trained  students — are  slowly  but  surely  finding  a  place  in  the  Transactions . 

The  Transactions  have  not  been  the  sole  publication  of  the  Institute, 
by  any  means.  Thus  there  are  the  magnificent  volumes  of  Hamilton’s 
Maori  Art ;  Major  Broun’s  Manual  of  the  Coleoytera  and  his  three  bulletins 
on  the  same  group  ;  H.  N.  Dixon’s  Studies  in  the  Bryology  of  New  Zealand 
— an  important  revision  of  our  moss-flora  ;  and  Tregear’s  Mangareva 
Dictionary .  Then,  the  Canterbury  Branch  of  the  Institute  has  published 
the  Index  Faunae  Novae- Zealandiae,  and  the  admirable  Suhantarctic  Islands 
of  New  Zealand,  a  work  in  two  quarto  volumes  with  many  beautiful 
illustrations. 
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The  New  Zealand  Institute  has  control  of  the  Hutton  and  the  Hector 
Memorial  Funds.  With  regard  to  the  former  a  bronze  medal  is  awarded 
every  three  years  for  original  research  in  New  Zealand  zoology,  botany, 
or  geology.  There  is  also  a  small  income  from  the  fund,  from  which  grants 
are  made  for  purposes  of  research.  The  Hector  Fund  also  supplies  a  medal, 
but  with  this  goes  the  yearly  interest  of  the  fund — some  £45 — as  a  prize. 
Medal  and  prize  are  alloted  yearly,  but  each  year  to  a  different  science, 
six  sciences  being  included.  Thus  the  medal  for  any  particular  science 
is  awarded  only  every  six  years.  Three  Hutton  and  seven  Hector  medals 
have  been  awarded  up  to  the  present  time.  These  medals  have  already 
done  a  good  deal  to  stimulate  research  ;  as  year  succeeds  year  the  value  of 
these  awards  will  greatly  increase. 

The  influence  of  the  New  Zealand  Institute  has  been  very  considerable 
on  New  Zealand  science  other  than  that  under  its  actual  control.  There 
is  no  Government  Department  connected  in  any  way  with  science  which 
is  not  constantly  indebted  either  to  the  publications  or  libraries  of  the 
Institute.  The  following  important  works  would  never  have  appeared 
had  there  been  no  New  Zealand  Institute  :  Kirk’s  Forest  Flora,  Kirk’s 
Students’  Flora,  Cheeseman’s  Manual  of  the  New  Zealand  Flora,  and  Suter’s 
Manual  of  the  New  Zealand  Mollusca.  So,  too,  with  many  important  papers 
and  reports  issued  by  various  Government  Departments. 

Certainly,  training  is  given  by  the  various  University  colleges  in  some 
of  the  sciences,  but  the  very  nature  of  their  relation  to  that  purely 
examining  body — the  New  Zealand  University — reduces  to  a  minimum 
the  value  of  these  colleges  as  a  training-ground  for  the  all-important 
scientific  research.  This  crying  want  is  supplied  to  some  extent  by  the 
New  Zealand  Institute,  whose  Transactions  are  open  for  papers  from  young- 
aspirants  for  scientific  research  if  they  appear  to  show  aptitude  at  all.  Had 
it  not  been  for  this,  scientific  career  after  career  would  have  been  stifled 
at  its  birth. 

The  meetings,  too,  of  the  incorporated  societies  are  not  mere  gatherings 
for  specialists.  They  are  open  to  the  public,  and  popular  lectures  are 
frequently  delivered  by  the  leading  scientific  men  of  the  Dominion.  Nor 
are  the  ordinary  evenings  devoted  to  original  papers  barren  for  the  student 
or  even  for  the  non-scientific  listener.  To  hear  a  master  of  his  subject 
detailing  the  methods,  objects,  and  results  of  his  research  is  most  inspiring. 
Mere  technical  papers  are  taken  as  read  ;  any  one  is  free  to  ask  questions 
after  the  reading  of  a  paper,  and  illuminating  discussions  may  ensue. 
Finally,  the  student  comes  into  personal  touch  with  those  working  at  that 
branch  of  science  he  would  pursue  if  he  knew  how  ;  he  is  inspired  by  the 
enthusiasm  of  the  older  worker  ;  friendships  beneficial  to  science  may  arise 
which  endure  for  life. 

The  various  activities  of  the  New  Zealand  Institute  have  been  supported 
by  the  statutory  grant  of  £500  per  annum,  an  amount  deemed  necessary 
bv  the  Government  in  1868.  However,  the  population  of  the  Dominion 
has  greatly  increased  during  the  subsequent  fifty-one  years,  and  so,  too, 
in  proportion  the  monetary  requirements  of  the  Institute.  So  acute  has 
the  position  become  that  for  some  time  past  it  has  been  necessary  to  make 
a  levy  of  about  £200  on  the  affiliated  societies,  who,  with  their  responsi¬ 
bilities  for  their  local  museums  or  libraries,  to  say  nothing  of  their  other 
activities,  could  ill.  bear  the  imposition  of  such  a  burden.  Many  papers  of 
great  value  await  publication  ;  much  work  of  national  interest  awaits  its 
initiation  ;  but  there  are  hardly  funds  sufficient  to  publish  the  Transactions. 
Happily,  more  than  a  gleam  of  hope  appears.  The  Hon.  Mr.  Russell  is  not 
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unmindful  of  the  call  of  science  ;  full  well  does  he  know  its  inestimable 
value  to  the  nation.  Already  has  he  greatly  assisted  the  Institute  by 
special  grants  for  economic  science,  and  now  he  has  promised  to  do  his 
utmost  to  place  the  New  Zealand  Institute  on  a  firm  financial  footing. 
Thus  it  seems  not  unlikely  that  this  Congress  heralds  a  new  era  of  usefulness 
for  the  Institute. 

The  New  Zealand  Institute  possesses  a  library  of  scientific  works,  at 
present  housed  in  that  worn-out  wooden  building — a  true  fossil — called 
“  the  Dominion  Museum.”  The  Transactions  of  the  New  Zealand  Institute 
since  their  commencement  have  been  sent  to  a  great  number  of  the  leading 
scientific  bodies  throughout  the  world.  These  in  like  manner  send  the 
Institute  their  publications.  It  stands  out  clearly,  then,  that  an  important 
collection  of  scientific  literature  is  in  the  possession  of  the  Institute,  and  that 
it  is  being  added  to  year  by  year.  For  years  there  have  been  no  funds  for 
binding,  the  resources  of  the  Institute  having  been  strained  to  breaking- 
point  to  pay  the  rapidly-increasing  cost  of  its  Transactions.  The  Museum 
authorities  certainly  do  their  best  to  make  the  library  available  for 
scientific  workers,  but  any  one  who  has  occasion  to  use  it  knows  that  it  is 
of  little  benefit.  This  the  Board  of  Governors  fully  realized  some  time  ago, 
and  an  offer  was  made  by  them  to  the  Government,  which  was  accepted, 
to  hand  over  the  library  as  a  nucleus  of  a  real  scientific  library  as  soon  as 
a  proper  building  was  erected  and  a  qualified  librarian  appointed.  Nothing 
has  been  done  as  yet  with  a  war  raging  it  was  not  to  be  expected — but 
we  live  in  hope.  With  the  power  of  exchange  possessed  by  the  New 
Zealand  Institute  through  its  Transactions  virtually  all  the  publications 
of  every  scientific  society  throughout  the  world  could  be  acquired.  But 
this  would  not  be  enough,  for  equally  important  are  the  many  scientific 
journals  which  can  only  be  acquired  by  purchase.  Then  there  is  the  host 
of  books,  constantly  appearing,  essential  for  scientific  progress.  Obviously, 
the  maintenance  of  such  a  librarv  is  far  bevond  the  income  of  the  Institute, 
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were  that  quadrupled.  But  the  Institute  could  supply  the  lion’s  share 
of  the  acquisitions.  Much  also  could  be  done  by  the  various  scientific 
Departments  of  the  Government,  whose  libraries  should  also  be  added  to  this 
central  library.  I  do  not  knowr  of  anything  that  is  so  greatly  needed  for 
scientific  research  as  such  a  library,  and  if  it  were  only  of  one-half  the  value 
to  the  nation  which  I  am  claiming  for  it  this  evening  no  money  should  be 
less  grudged  by  the  people,  and  no  money  would  be  better  invested.  As 
it  is,  every  serious  worker  must  at  his  own  expense  greatly  supplement 
the  scanty  literature  available  ;  this  has  been  done  for  years  willingly,  and 
it  will  continue  to  be  done,  but  it  does  not  seem  to  me  an  altogether 
creditable  state  of  affairs. 

This  fundamental  question  of  an  adequate  scientific  library  leads  me  at 
once  to  other  aspirations  of  the  New  Zealand  Institute — that  body  of 
scientific  folk,  and  believers  in  science,  who  are  banded  together  to  add  some¬ 
thing  to  human  knowledge  and  to  advance  thereby  the  interests  of  this 
glorious  country  of  which  they  are  citizens.  Next  to  provision  for  the 
library,  the  Institute  desires  recognition  by  the  people  of  New  Zealand  as  a 
body  devoted  entirely  to  their  interests,  both  material  and  intellectual — a 
body  ready  at  any  time  to  advise  the  Government  on  scientific  matters,  and 
to  assist  to  the  utmost  in  any  national  service  for  which  science  is  required. 

In  the  early  days  of  the  Institute  most  of  the  scientific  workers  were 
amateurs.  These,  it  is  true,  were  endowed  with  the  holy  fire  of  enthusiasm, 
but  had  their  limitations  nevertheless.  At  the  present  time  highly  trained 
men — not  holders  of  degrees  merely,  but  men  trained  by  years  of  experience 
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in  research — most  of  them  New  Zealand  born — are  fully  competent  to 
undertake  almost  any  scientific  investigation.  To  one  like  myself,  growing 
old,  it  is  a  joy  to  see  how  many  capable  young  men  belonging  to  our 
Institute  have  come  to  the  front  of  recent  years. 

Before  dealing  specifically  with  certain  branches  of  research  which  I 
think  might  well  be  undertaken  by  members  of  the  Institute,  or  others 
in  this  country  who  ought  to  be  members,  I  must  say  something  regarding 
the  separation  of  science  into  the  two  classes,  “  pure  ”  and  “  applied,”  as 
they  are  called,  the, former  at  best  merely  tolerated  by  the  public,  who  value 
a  scientific  discovery  only  if  it  has  an  evident  practical  bearing.  This 
state  of  mind  would  certainly  kill  all  advance.  If  carried  out  for  a  suffi¬ 
cient  time  throughout  the  world  civilization  would  not  merely  remain  at  a 
standstill,  but  deterioration  would  rapidly  set  in.  The  purely  scientific 
must  come  first,  and  the  practical,  without  any  special  coddling  by  the 
State,  will  assuredly  follow.  The  cure  of  an  infectious  disease  is  only  the 
last  link — fcr  the  time  being — in  a  long  chain  of  researches  nine-tenths  of 
which  were  purely  academic,  but  each  leading  slowly  but  surely  to  the 
final  result.  And  this  great  wealth  of  research — apparently  medical — was 
the  work  of  the  biologist,  the  chemist,  and  the  physicist.  The  electric 
tram,  the  frozen  lamb,  the  marconigram,  the  spraying  of  an  apple-tree,  the 
moving  picture,  the  field  of  turnips — all  these  and  far  more  of  our  every¬ 
day  life  are  but  the  final — again  I  say,  “  for  the  time  being  ” — practical 
application  of  exact  knowledge  painfully  acquired  by  enthusiasts  such  as 
Michael  Faraday — the  mighty,  the  maker  of  history — with  his  £100  a  year, 
a  room  or  two  to  live  in,  and  coals  and  candles  !  “  Faraday’s  early  investi¬ 

gations  on  the  chemical  aspects  of  electrolysis,"  wrote  in  March,  1918, 
Professor  Pope,  President  of  the  Chemical  Society,  “  and  his  studies  on 
magnetic  induction,  led  immediately  to  the  invention  of  the  dynamo,  and, 
through  Clerk  Maxwell,  to  the  introduction  of  wireless  telegraphy.  This 
one  branch  of  Faraday’s  investigations,  in  point  of  fact,  constitutes  the 
groundwork  of  the  whole  stupendous  vista  of  results  of  the  general  intro¬ 
duction  of  the  electric  current  into  modern  life  which  is  so  familiar  to 
us  all.  Cavendish’s  early  production  of  nitric  acid  by  the  passage  of  an 
electric  spark  through  the  air,  reproduced  on  an  enormously  large  scale, 
is  now  furnishing  Central  Europe  with  the  nitric  acid  without  which  no 
explosives  could  be  manufactured.”  The  Faradays  of  the  present  day, 
instead  of  being  able  to  devote  all  their  time  to  research,  in  order  to  get 
their  daily  bread  are  forced  to  waste  their  time  as  teachers.  For  this  fair 
wages  are  available  ;  for  the  prosecution  of  pure  science  there  is  usually 
nothing,  unless  temporarily,  and  that  for  inexperienced  young  men. 

On  this  matter  of  pure  and  applied  science  let  me  quote  a  resolution  of 
the  Inter-Allied  Conference  on  International  Scientific  Organizations  held 
by  the  Royal  Society  during  October,  1918.  Thus  the  resolution  runs  : 
”  The  Conference,  being  of  opinion  that  all  industrial,  agricultural,  and 
medical  progress  depends  on  pure  science,  draws  attention  of  the  various 
Governments  to  the  importance  of  theoretical  and  disinterested  researches, 
which  after  the  restoration  of  peace  should  be  supported  by  large  endow¬ 
ments.  The  Conference  urges  similarly  the  creation  of  large  laboratories 
for  experimental  science,  both  private  and  national.” 

New  Zealand  is  above  all  else  a  farming  community.  Many  of  Nature’s 
secrets  of  a  hundred  years  ago  are  now  the  priceless  possessions  of  man. 

.  These  when  more  generally  applied  than  at  present  will  make  our  fields 
yield  a  much  greater  return.  This  would  be  a  great  advance,  but  without 
the  discovery  of  further  fundamental  principles,  now  unknown,  agriculture 
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can  only  reach  a  stage  far  from  perfection.  Our  scientific  duty  as  a  nation 
is  not  only  to  apply  to  the  best  of  our  ability  our  present  knowledge,  but 
by  means  of  purely  academic  investigations  to  discover  further  funda¬ 
mental  principles  on  which  the  greatly  improved  farming  of  the  future 
will  depend.  Suppose,  for  example,  such  characters  as  we  wished  could 
be  bestowed  at  will  upon  certain  fodder  plants  or  food  plants — i.e.,  that 
the  plant-breeder  could  by  methods  now  unknown  create  exactly  the  plant 
suitable  for  a  special  environment,  just  as  one  can  forge  a  special  tool. 
Experiments  of  seemingly  the  most  worthless  kinds  in  genetics  might  lay 
the  foundation  for  such  knowledge,  the  value  of  which  is  beyond  our  wildest 
dreams.  Even  open-air  studies  on  the  plants  of  bog,  or  lake,  or  forest,  or 
mountain- top  well  might  lend  valuable  assistance. 

Finally,  with  regard  to  the  New  Zealand  Institute — and,  indeed,  with 
regard  to  this  Dominion’s  science  in  general — what  should  be  some  of  our 
immediate  aims,  having  regard  to  those  special  New  Zealand  problems 
which  early  in  this  address  I  declared  could  only  be  carried  out  on  New 
Zealand  soil  ?  In  this  farming  community  nothing  more  demands  years 
of  close  study  than  this  soil  itself.  The  world  over,  soil  science,  notwith¬ 
standing  many  books  on  the  subject,  is  in  its  infancy.  Chemical  analysis 
of  a  soil,  even  were  the  methods  for  so  doing  far  more  satisfactory  than 
at  present,  is  only  one  portion  of  the  question.  The  extremely  difficult 
matter  of  soil-physics  at  once  confronts  the  investigator.  Then  there  is 
the  rich  soil-flora  and  the  rich  soil-fauna.  When  more  of  a  fundamental 
character  is  known  as  to  the  relation  of  soil-physics,  soil-chemistry,  and  soil- 
biology  to  one  another,  then  undoubtedly  new  methods  of  soil-utilization 
will®be  in  sight. 

Turning  to  a  very  different  matter,  there  is  the  science  of  economics— 
really  hardly  a  science  as  yet.  A  small  community  such  as  we  are  offers 
material  not  too  bulky  to  estimate  rightly.  The  effect  of  our  legislation 
called  “  experimental,”  and  of  that  which  is  non-experimental  also,  ought 
to  be  gauged  with  fair  ease.  Problem  after  problem  is  offered,  but  all  such 
problems  must  be  approached  in  the  spirit  of  true  science  ;  all  political  bias 
must  go  to  the  winds  ;  doubt  may  unhesitatingly  be  felt  for  many  accepted 
dogmas  ;  the  accurate  methods  of  science  must  alone  be  used. 

In  the  domain  of  anthropology  there  is  no  need  always  to  confine  one’s 
investigations  to  primitive  races.  Amongst  the  settlers  of  a  new  land 
evolution  in  certain  directions  goes  on  apace.  The  question  of  dialect 
among  the  people  of  New  Zealand  would  form  a  valuable  study.  The 
mere  record  of  how  various  words  of  the  English  language  are  generally  or 
occasionally  pronounced  in  various  parts  of  the  Dominion  would  make  a 
beginning  in  the  study  of  that  gradual  change  of  dialect  which  is  taking- 
place,  but  which  is  far  more  noticeable  by  the  old  than  by  the  young.  The 
Oxford  Dictionary  lays  down  the  so-called  correct  pronounciation  of  each 
word.  But  no  one  follows  its  dictum.  On  the  other  hand,  according  to 
its  tenets  the  most  cultured  are  constant  sinners. 

Education — still  far  away  from  being  a  science — should  be  approached 
by  true  scientific  methods.  At  present  the  best  that  can  be  got  are 
opinions  more  or  less  biased.  The  teacher  of  classics  of  the  present  day 
will  explain  that  Latin  affords  the  perfect  mental  training  :  the  school¬ 
master  in  Queen  Elizabeth’s  time  would  explain  that  it  was  necessary  to 
read  and  write  the  Latin  tongue  fluently,  since  it  was  the  written  language 
of  the  learned.  Many  subjects  are  taught  not  because  any  one  really 
knows  that  they  are  essential,  but  because  it  is  the  fashion  to  teach  them  ; 
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and  so  too  with  the  methods  of  teaching.  Certainly  the  sooner  education 
becomes  an  exact  science  the  better  for  the  nation,  so  that  less  time  be 
wasted  in  teaching  useless  subjects  or.  using  bad  methods.  The  use  of 
standards  in  the  elementary  school  may  be  necessary,  but  it  is  biologically 
unsound,  as  it  assumes  that  all  the  scholars  are  equal  in  intellect.  At  one 
time — and  the  custom  is  not  extinct  by  any  means  here  in  New  Zealand — 
every  girl  in  an  English  middle-class  school  was  taught  music,  no  matter 
the  degree  of  tone-deafness  with  which  she  was  afflicted.  How  many, 
too,  I  wonder,  are  there  in  our  schools  who  are  forced  to  study  subjects 
for  which  they  have  no  aptitude  ? 

There  is  room  for  much  research  in  New  Zealand  history,  young  though 
our  country  may  be.  The  splendid  gift  of  his  library  to  the  people  of  the 
Dominion  by  the  late  Mr.  A.  H.  Turnbull  should  certainly  stimulate  historical 
research.  With  this  end  in  view  we  may  cordially  welcome  the  establish¬ 
ment  of  an  historical  section  by  the  Wellington  branch  of  our  Institute. 

One  more  example  out  of  the  many  subjects  crying  aloud  for  research 
in  this  country  and  I  have  done.  Our  cultivated  plants  of  all  kinds  are 
subject  to  attacks  of  parasitic  fungi,  the  majority  of  which  are  considered 
identical  with  those  affecting  similar  plants  in  other  countries.  For  the 
suppression  of  such  fungi  many  fungicides  have  been  devised,  especially  in 
France  and  America.  Now,  that  these  methods  have  been  successful  on 
trees  in  the  country  of  their  origin  does  not  say  that  similar  methods  will 
serve  equally  well  here.  A  certain  apple-tree  growing  in  California  will 
probably  differ  from  the  same  variety  grown  on  the  clay  soil  of  Nelson. 
The  effect  of  the  fungus  on  such  a  New  Zealand  tree  and  the  life-history 
of  that  fungus  must  be  studied  in  New  Zealand  ;  so,  too,  must  be  investi¬ 
gated  the  use  of  the  fungicide.  This  method  of  attacking  the  pests 
of  fruit-trees  by  means  of  fungicides  and  insecticides  costs  the  State  of 
California  alone  about  £400,000  per  annum.  At  best  it  is  a  rather  clumsy 
way  of  dealing  with  the  pests.  It  is  exactly  a  case  in  point  with  regard 
to  pure  and  applied  science.  Pure  science  paved  the  way  by  first  classifying 
and  then  finding  out  the  life-histories  of  the  fungi ;  pure  science  had  also 
to  devise  by  aid  of  much  experiment  the  beautiful  technique  with  regard 
to  pure  cultures,  and  so  on,  which  can  now  be  learnt  in  the  laboratory. 
Then  pure  science  devised  fungicides,  and  finally  applied  science  is  brought 
into  the  orchard  in  the  form  of  the  spray  pump  and  its  contents.  But 
is  science  content  to  rest  at  this  stage  ?  Is  she  not  eagerly  seeking  to  find 
out  more  about  the  relation  of  fungus  and  host,  more  about  the  cause  of 
parasitism  ?  Here  comes  in  the  plant-physiologist,  who  seeks  to  find  out 
more  about  the  actual  life  processes  of  the  plant,  whose  ultimate  aim  is 
perhaps  to  discover  what  is  life  itself.  This  latter  problem  seems  well- 
nigh  hopeless,  but  long  before  the  problematical  success  is  achieved  science 
will  know  so  much  about  the  plant  that  new  methods  of  combating  disease 
will  be  in  the  hands  of  every  orchardist.  The  Cawthron  Institute  of 
Scientific  Research  could  easily  spend  all  its  income  on  investigations  with 
regard  to  plant-diseases,  but  it  would  not  be  performing  its  full  scientific 
duty  if  it  were  not  carrying  out  plant-physiological  researches  with  regard 
to  the  living  tree  as  it  grows  in  the  orchard,  and  thus  working  not  for  the 
present  day  alone  but  for  posterity.  This,  I  take  it,  is  also  the  attitude  of 
the  New  Zealand  Institute  and  should  be  the  attitude  of  this  Dominion. 
Not  for  the  present  alone  but  for  the  future  must  this  New  Zealand  of  ours — - 
our  beloved  country — strive  with  might  and  main  if  she  is  to  become  truly 
great. 
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EVENING  LECTURES. 

Large  and  appreciative  audiences  attended  the  public  lectures  in  Canter¬ 
bury  College  Hall  on  the  evenings  of  the  5th,  6th,  and  7th  February.  We 
append  the  following  reports  from  the  Lyttelton  Times  : — 

Vestiges  of  the  Primeval  Plant  World,  by  the  Bev.  Dr.  J.  E.  Holloway. 

Dr.  Holloway  said  that  although  he  would  deal  with  fossils  and  with  certain 
insignificant  plants  the  subject  should  be  an  interesting  one.  It  should  be  surrounded 
with  an  atmosphere  of  romance,  and  on  that  account  should  be  attractive  even  to 
those  who  had  not  pursued  studies  in  that  direction  very  far.  It  should  be  interesting 
also  in  a  better  sense,  because  it  opened  up  the  whole  question  of  the  evolution  of 
plant-life.  It  introduced  the  different  chapters  in  the  history  of  plant-life  which 
culminated  in  the  vegetation  of  the  present  day.  He  could  not  supply  proofs  that  the 
plants  he  dealt  with  were  vestiges  of  the  ancient  plant  world,  as  if  he  tried  to  do  that 
his  address  would  become  difficult  and  dry. 

He  dealt  mainly  with  ferns  and  lycopods  and  their  allies,  which  were  character¬ 
ized  hv  peculiar  alternation  of  generation. 

After  referring  to  the  peculiarities  of  ferns  and  lycopods  and  their  allies,  he 
described  several  fossil  plants,  and  threw  a  large  number  of  illustrations  on  the  screen. 
Most  of  these  were  representations  of  fossil  plants  of  the  British  Carboniferous  period, 
and  he  showed  the  connection  between  them  and  the  groups  of  plants  at  the  base  of 
the  higher  plants,  with  which  he  dealt. 

A  hearty  vote  of  thanks  was  passed  to  him -for  his  lecture. 

Mountain  Structure,  by  Professor  W.  N.  Benson.  Mountain  Sculpture, 

by  Dr.  C.  A.  Cotton. 

Professor  W.  N.  Benson,  Dunedin,  gave  an  address  on  “  Mountain  Structure.” 
“It  is  one  of  the  glories  of  this  land,"  Professor  Benson  said  in  his  remarks,  “that 
nearly  every  view  is  framed  with  a  broken  horizon  ;  not  the  smooth  sweep  of  plain  or 
plateau  familiar  in  my  Australian  homeland,  but  irregular  peaks  and  valleys,  jagged 
surfaces  or  smooth  flowing  curves,  whose  forms  and  ever-changing  colour  gladden  the 
heart  of  the  lover  of  beauty.  Prom  the  low,  smooth,  dome -like  hill,  the  tilted  broken 
plateau,  or  the  glorious  volcanic  cone  of  Egmont,  perfect  as  Fuji  Yama,  to  the  high 
and  rugged  Alps,  covered  as  with  jewels  by  snowfield  and  glacier,  almost  every  type 
of  mountain  scenery  is  illustrated  in  New  Zealand.”  He  described  how  great  masses 
of  rock  became  elevated  above  the  surrounding  parts  of  the  earth’s  surface,  the 
building-up  of  the  mountains,  the  structure  of  their  innermost  parts,  and  the  origin 
of  the  great  earth-blccks.  He  recognized  three  main  types  of  mountains — namely, 
mountains  of  accumulation,  mountains  of  upheaval,  and  mountains  of  circum - 
denudation — dealifig  with  each  type  in  a  clear  and  popular  style.  The  origin  of  folded 
mountains  received  special  attention  from  the  lecturer.  He  said  that  it  was  impossible 
in  a  short  lecture  to  touch  upon  the  immense  problems  of  the  cause  of  the  mighty  crust- 
movements  he  had  described.  Many  factors  that  might  be  operative  had  to  be  con¬ 
sidered,  and  to  mention  a  fewr  only  would  be  to  leave  but  an  inadequate  idea  of  the 
problem.  Much  as  had  been  learned,  much  remained  unsolved,  and  students  must 
confess  that  as  yet  no  combination  of  hypotheses  had  given  a  completely  satisfactory 
explanation  of  the  origin  of  folded  mountains. 

Dr.  C.  A.  Cotton,  Wellington,  who  followed  Professor  Benson,  dealt  with  the 
erosion  and  destruction  of  mountains.  Referring  specially  to  New  Zealand  mountains, 
he  said  that  this  country  might  be  described  as  a  concourse  of  earth-blocks,  the  highest 
of  which  lay  on  the  north-east  and  south-west  axis  of  the  land-mass.  In  Central  Otago, 
perhaps,  the  structure  and  the  history  of  the  earth-movements  were  best  displayed. 

A  vote  of  thanks  was  passed  to  the  lecturers. 

The  Influenza  Epidemic,  by  Dr.  A.  B.  Pearson. 

After  giving  a  history  of  the  disease  and  describing  bacteria -carriers,  Dr.  Pearson 
dealt  with  the  bacteriology  of  the  Christchurch  epidemic.  He  said  that  the  epidemic 
assumed  serious  proportions  in  this  city  in  the  first  week  of  November  but  it  was 
important  to  remember  that  prior  to  that,  even  back  in  September,  there  had  been 
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an  unusually  large  number  of  cases  of  influenza,  and  this  was  more  marked  in  the 
month  of  October,  but  all  this  time  the  disease  appeared  to  be  of  a  particularly  mild 
type. 

From  the  known  fact  that  the  serious  cases  of  the  disease  appeared  first  during 
Carnival  Week,  and  that  they  were  most  noticeable  first  in  the  big  hotels,  there  was 
little  doubt  that,  as  far  as  Christchurch  was  concerned,  the  serious  type  of  the  pandemic 
was  brought  into  the  city  by  Carnival  Week  visitors,  and  quickly  spread  through  the 
town  and  country  districts  ;  but  it  was  quite  probable  that  the  mild  type  would  itself 
tend  to  become  virulent,  though  the  outbreak  of  this  virulent  type  would  have  come 
to  its  maximum  more  slowly. 

In  the  winter  months  there  were  rather  more  than  the  usual  number  of  influenza 
cases  in  the  Canterbury  District,  but  as  far  as  he  knew  there  were  no  serious  cases — that 
was,  cases  complicated  by  pneumonia  or  blood-poisoning  which  were  proved  definitely 
influenzal  in  the  first  place.  In  October,  for  the  first  two  weeks,  the  influenza  was* 
very  prominent,  but  the  cases  were  still  of  a  mild  type,  though  the  resulting  weakness 
and  depression  were  unusually  marked.  At  the  end  of  October  patients  were  being 
admitted  to  the  hospital  with  severe  influenza,  and  some  of  those  developed  the 
pulmonary  complications  which  were  such  a  prominent  feature  during  November. 
At  that  time  the  admissions  were  as  follows  :  28th  October  to  4th  November,  4  ;  4th 
November  to  1 1th  November,  79  ;  11th  November  to  18th  November,  241  ;  18th  Novem¬ 
ber  to  25th  November,  218;  25th  November  to  2nd  December,  60  ;  2nd  December  to 
9th  December,  26.  After  the  9th  December  there  were  very  few  admissions,  but  from 
that  time  right  up  to  the  present  patients  had  been  coming  in  with  other  illnesses, 
noticeably  empyema  (inflammation  of  the  pleural  cavity,  with  pus  formation),  as  a  late 
complication  of  the  influenza.  From  the  record  which  he  had  been  able  to  examine 
by  the  courtesy  of  the  hospital  authorities  there  were  from  the  1st  November  to 
the  16th  December  638  cases  of  influenza,  with  222  deaths.  Taking  into  consideration 
the  very  evident  fact  that  the  very  worst  cases  were  sent  to  the  hospital,  he  thought 
that  the  hospital  resident  physicians  and  nursing  staff  deserved  very  high  praise  for 
their  efforts  in  keeping  the  death-rate  to  that  comparatively  low  figure. 

In  his  own  department  there  were  very  few  requests  for  examination  of  material 
from  the  influenza  epidemic  at  the  beginning,  and  when  the  rush  did  come,  about  the 
1 5th  November,  his  staff  was  reduced  to  half  its  usual  number,  as  two  of  the  members 
were  afflicted  with  the  epidemic  illness.  Later,  by  the  courtesy  of  Dr.  Chesson,  he  was 
fortunate  in  securing  the  services  of  Mr.  Heriot  Barker,  late  bacteriological  assistant  in 
the  Wallace ville  Laboratory.  The  examinations  carried  out  were  (1)  microscopic  and 
cultural  examination  of  the  sputum;  (2)  bacteriological  examination  of  the  blood; 
(3)  microscopic  examination  of  the  blood  to  determine  the  number  and  percentage  of 
the  white  cells;  (4)  preparation  of  vaccines  from  the  bacteria  isolated  from  the  sputum 
and  blood. 

Though  the  number  of  examinations  was  very  small  compared  to  the  great  number 
of  admissions,  the  results  showed  that  the  medical  and  nursing  staff  had  to  deal  with 
three  types  of  illness  : — 

(1.)  True  influenza  :  As  far  as  the  hospital  was  concerned  those  patients  were 
limited  to  the  sick  members  of  the  medical  and  nursing  staff.  After  the 
rush  started  the  whole  hospital  was  reserved  for  the  severe  cases  with 
complications. 

(2.)  Patients  with  bronchitis  and  pneumonia  :  The  great  majority  of  admissions 
were  of  that  nature. 

(3.)  Patients  with  pneumonia  and  septicaemia  :  In  many  of  those  the  pneumonia 
signs  were  very  indefinite.  These  patients,  like  those  of  the  second  class, 
were  desperately  ill,  and  the  death-rate  was  very  high.  In  the  majority  of 
patients  coming  under  the  last  two  groups  there  was  generally  a  definite 
history  of  influenza  before  the  more  serious  features  supervened. 

In  group  1  very  few  bacteriological  examinations  were  made.  There  were  more 
urgent  cases  requiring  examinations,  and,  unfortunately,  the  staff  was  too  small  to 
carry  out  many  investigations.  The  sputum  in  those  people  did  not  exhibit  the 
typical  features  of  a  true  influenza. 

In  group  2  the  expectoration  did  not  exhibit  uniform  features.  Generally  it  was 
blood-stained  and  very  frothy,  and  had  not  the  characters  seen  in  a  primary  pneu¬ 
monia.  In  others  the  sputum  was  purulent  and  very  tenacious.  In  cultures  the 
influenza  bacillus  was  occasionally  isolated,  but  organisms  resembling  it  were  generally 
noted  in  the  preliminary  microscopic  examination. 

Group  3  :  The  cases  were  of  the  most  desperate  nature.  The  mortality  was  very 
high,  and  in  the  cases  of  patients  recovering  the  convalescence  was  very  slow.  The 
sputum  of  those  patients  was  generally  of  a  marked  purulent  character,  and  not 
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tenacious  as  noted  in  some  of  the  pneumonia  patients.  The  appearance  of  the  patient 
and  the  characteristic  naked-eye  features  of  the  sputum  always  strongly  suggested  the 
nature  of  the  illness. 

From  the  notes  he  had  detailed  complications  were  found  to  be  due  to  three 
bacterial  groups:  (1)  Pneumococcal,  including  a  diplococcus  not  definitely  identified; 
(2)  streptococcus;  (3)  staphylococcus. 

Reports  on  the  examination  of  white  blood-cells  in  all  the  statistics  he  had  seen 
agreed  very  closely.  The  true  influenza,  without  any  complications,  exerted  little 
effect  on  the  blood,  and  frequently  the  white  cells  were  diminished.  Even  when  the 
severe  complications  had  occurred,  the  white  cells  did  not  show  the  great  increase  one 
would  expect.  A  big  increase  in  the  white  cells  was  looked  upon  as  a  good  sign  in  an 
acute  illness  of  bacterial  origin — that  was,  say,  an  increase  up  to  twenty-five  thousand. 
It  indicated  that  the  blood-cells  were  putting  up  a  good  fight.  On  the  other  hand,  a 
high  percentage  of  polymorph  cells  was  looked  upon  as  indicating  a  severe  toxaemia. 
The  average  count  of  white  blood-cells  in  the  influenza  cases  was  either  normal  or 
below  normal,  while  the  polymorph  cells  were  decreased. 

Experiments  in  vitro  had  proved  that  bacteria  exert  an  attractive  influence  over 
the  blood,  but  the  blood  counts  in  true  influenza  would  suggest  that  attraction 
occurred  in  living  tissues,  but  the  bacteria  were  not  ingested.  It  would  seem  that  the 
poisons  had  a  repellant  effect  on  the  blood.  If  that  was  the  case,  they  would  expect 
that  the  individual  powers  of  resistance  against  other  bacterial  groups  during  the  time 
that  the  influenza  poisons  were  in  the  body  were  much  lowered,  and,  in  view  of  the 
different  bacteria  found  causing  complications,  that  seemed  to  be  true.  Not  only 
could  the  other  bacteria  gain  entrance  during  that  period,  but  when  they  had  started 
infection  the  depressant  influence  primarily  caused  by  the  influenza  still  continued  to 
a  large  extent,  so  that  the  bacteria  which  were  setting  up  the  complications  did  not 
meet  with  the  usual  resistance  from  the  white  cells  and  blood  fluid,  and  consequently 
become  masters  of  the  situation.  On  the  same  reasoning  he  thought  it  possible  to 
explain  the  considerable  varieties  of  bacteria  causing  the  complications. 

They  knew  that  bacteria  were  found  in  the  throats  of  even  healthy  people,  and 
that  with  unhealthy  conditions  of  the  mouth,  such  as  were  associated  with  decayed 
teeth  and  inflamed  gums,  bacteria  were  very  profuse.  The  bacteria  were  of  many 
groups,  but  they  included  the  streptococcal,  pneumococcal,  and  stephylococcal  groups 
even  in  the  healthy  individual.  They  were,  however,  kept  in  check  by  the  normal 
resistance  of  the  body.  Further,  they  would  expect  the  individual  with  the  unhealthy 
mouth  would  be  more  liable  to  complications  than  the  normal  person.  This,  he  thought, 
was  undoubtedly  the  case  in  the  recent  epidemic  :  perhaps  it  would  be  safe  to  say  that 
people  with  septic  conditions  already  present  in  the  mouth  and  throat  were  more  liable 
to  severe  complications  than  people  with  healthy  condition  of  the  mouth  and  throat. 
Of  course,  they  must  also  realize  the  fact  that  the  influenza  patient  when  he  inhaled 
the  influenza  bacilli  might  have  inhaled  at  the  same  time  pneumococci  or  other  bacteria 
whose  virulence  had  already  been  increased  in  the  first  influenza  patient.  Again,  a 
person  in  close  contact  with  a  pneumonic  patient  might  inhale  the  bacteria  causing  the 
complication  only,  and  become  a  victim  of  pneumonia  or  blood-poisoning  without  a 
primary  attack  of  influenza. 

The  possibility  of  a  new  organism  as  the  cause  of  the  pandemic  must  be  con¬ 
sidered.  Roux,  in  a  recent  communication  to  the  Academy  of  Sciences,  Paris, 
announced  that  a  filterable  virus  had  been  obtained  from  the  expectoration  of  influenza 
patients,  and  that  that  filtrate  had  produced  the  typical  symptoms  of  influenza  when 
inoculated  into  monkeys.  In  a  brief  cable  in  that  day’s  newspaper  an  announcement 
of  a  somewhat  similar  nature  was  made  by  the  R.A.M.C.  If  that  proved  to  be  true 
they  might  have  an  accentuated  case  of  symbiosis  of  that  new  organism  with  the 
influenza  bacillus,  for  there  was  no  doubt  that  the  influenza  bacillus  had  played  a  very 
prominent  part  in  the  present  pandemic. 

He  wished  to  say  a  few  words  on  the  possible  use  of  vaccines  in  that  great  pan¬ 
demic.  The  vaccine  was  first  used  on  the  19th  November,  it  having  taken  three  days 
to  prepare  a  sufficient  quantity,  and  from  the  19th  November  nearly  all  patients  with 
pneumonic  complications  received  daily  doses  of  the  vaccine.  In  all  238  patients 
received  the  vaccine,  and  of  those  ninety-one  died,  while  of  seventy-five  patients 
admitted  from  the  19th  November  with  pneumonia  complications  who  did  not  receive 
vaccine  forty-one  died.  He  thought  the  opinion  of  the  medical  and  nursing  staff  was 
in  favour  of  the  vaccine.  He  was  convinced  from  his  own  observations  that  it  did 
not  do  any  harm,  and  even  if  it  was  the  means  df  saving  only  a  dozen  lives  it  was 
worth  using.  As  a  preventive  measure  vaccines  had  been  highly  successful. 

In  Christchurch  the  vaccine  was  not  used  as  a  preventive.  When  used  in  that 
way  it  had  been  the  custom  to  give  two  injections  with  an  interval  of  ten  days  between 
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them.  All  bacterial  diseases  conferred  a  certain  degree  of  immunity  on  the  individual 
attacked— with  some  their  immunity  seemed  to  be  lifelong — but  with  fevers  such  as 
influenza  the  immunity  was  not  absolute  and  it  was  not  of  long  duration.  Probably 
six  to  ten  weeks  would  cover  the  period  of  effective  resistance  against  reinfection,  and 
the  same  would  apply  to  artificial  immunity  conferred  by  vaccination. 

He  thought  that  the  people  who  were  afflicted  with  the  mild  influenza  of  Sep¬ 
tember  and  October  enjoyed  a  fair  degree  of  immunity  against  the  more  serious  illness 
of  November.  That  immunity  was  not  present  in  all  cases,  for  he  had  known  of  cases 
where  people  who  suffered  in  the  early  epidemic  were  again  attacked  in  November. 
The  period  of  infectivity  was  probably  greatest  during  the  early  stages  of  the  disease, 
but  must  persist  to  a  certain  extent  right  through  the  illness..  The  infection  was  con¬ 
veyed  by  contact  and  inhalation  of  the  secretions  from  the  air-passages  of  an  infected 
person,  and  the  period  of  incubation  appeared  to  be  about  forty-eight  hours  or  less. 
It  was  not  likely  that  infection  could  be  conveyed  very  readily  by  air  or  water. 
Drying  under  ordinary  atmospheric  conditions  was  rapidly  fatal,  and  even  in  large 
masses  of  expectoration  the  bacteria  did  not  Jive  longer  than  two  days,  and  that 
period  covered  the  extent  of  their  existence  when  kept  in  water.  Tn  the  artificial 
media  used  for  their  cultivation  he  had  kept  them  alive  for  ten  days,  but  the  usual 
term  was  about  five  days.  The  presence  of  blood  in  the  artificial  medium  was 
essential  for  primary  culture  of  the  true  bacillus,  but  some  of  the  variant  obtained  in 
cases  of  meningitis  would  grow  moderately  well  without  blood. 

The  lecturer  proceeded  to  outline  the  measures  to  be  adopted  to  guard  against 
infection,  laying  especial  emphasis  on  the  importance  of  fresh  air. 

A  vote  of  thanks  was  passed  to  the  lecturer,  on  the  motion  of  the  Hon.  G.  M. 
Thomson,  M.L.C. 


PAPERS,  ABSTRACTS,  AND  TITLES. 

Section  i. — Biology  and  Agriculture. 

Yellow  Flax  Disease  of  Phormium  tenax ,  by  L.  Cockayne,  and 
A.  H.  Cockayne. 

Press  Notice  ( Lyttelton  Times). 

Dr.  L.  Cockayne  said  that  the  disease  was  rapidly  affecting  areas  of  flax,  especially 
in  the  North  Island.  He  described  the  botanical  character  of  primitive  flax  swamps, 
and  showed  how  they  could  be  turned  into  commercial  flax  areas.  New  Zealand 
swamps,  he  continued,  usually  were  raupo  swamps,  and  if  they  were  drained  there 
were  growths  of  magnificent  flax.  The  yellow  flax  disease  appeared  suddenly  about 
three  years  ago  and  now  had  caused  considerable  damage.  The  symptoms  were  that 
the  leaf  of  the  flax  became  bright-yellow,  and  then  the  plant  died. 

Mr.  A.  H.  Cockayne  supplied  figures  to  show  the  value  of  the  flax  industry  to  the 
Dominion.  In  these  days  the  flax-miller  really  was  a  flax-farmer,  as  the  industry 
would  have  disappeared  if  the  miller  had  not  learned  to  farm  the  plant.  Stubborn 
lands  could  be  best  dealt  with  by  turning  them  first  into  flax  areas  for  a  few  years 
until  the  flax  had  made  the  ground  suitable  for  grassland.  He  viewed  the  presence 
of  the  leaf -disease  with  great  alarm.  It  could  be  combated  by  discovering  if  any  types 
of  flax  had  powers  of  resistance  to  the  disease,  and  those  special  varieties  could  be 
cultivated.  The  di.sease  was  due  to  a  fungus  in  the  tissue,  which  attacked  the  rootlets 
or  the  main  roots.  Work  was  being  done  at  the  State  farm  at  Weraroa  in  the  culture 
of  fungi  on  diseased  flax,  and,  experiments  were  being  made  to  discover  what  would 
act  against  the  disease.  It  was  believed  that  the  destructive  fungus  was  similar  to  a 
fungus  that  attacked  the  cotton-plant  in  the  United  States. 

Professor  I1.  H.  Easterfield  described  some  of  his  investigations  into,  the  character 
of  the  flax -plant. 

The  lectures  were  illustrated  by  lantern -slides. 

Seed- testing,  by  E.  B.  Levy. 

(This  paper  has  appeared  in  the  N.Z.  Journal  of  Agriculture,  vol.  18,  No.  3, 
pp.  130-39,  1919,  under  the  title  “  Seed-testing  :  The  New  Zealand  Official  System.  ’) 
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The  Vegetation  of  Banks  Peninsula,  with  a  List  of  Species  (Flowering- 
plants  and  Ferns),  by  R.  M.  Laing. 

(This  paper  will  appear  in  the  Transactions.) 

Press  Notice  ( Lyttelton  Times). 

Mr.  Laing  said  that  as  the  peninsula  was  a  well-defined  and  isolated  area  it  was 
surprising  that  it  had  not  received  more  attention  from  botanists.  It  tended  to  the 
insular  in  regard  to  climate,  with  comparatively  small  temperature-range,  and  a  rain¬ 
fall  of  25  in.  at  the  Rhodes  Convalescent  Home,  30  in.  at  Pigeon  Bay,  and  45  in.  at 
Akaroa,  the  higher  rainfall  at  Akaroa  being  due  to  the  south-east  wind. 

The  distribution  of  the  original  plant  covering  was  controlled  chiefly  by  the 
character  of  the  winds  and  the  quality  of  the  rainfall.  Very  little,  however,  was  now 
left  of  the  indigenous  vegetation,  except  on  the  cliff -faces.  It  had  undergone  and  was 
still  undergoing  many  changes.  Originally  about  half  the  peninsula  was  forested  ; 
now  there  was  nowhere  a  stand  of  300  acres  of  virgin  forest.  Cultivation,  tussock-fires, 
bush-fires,  sheep,  cattle,  rabbits,  and  hares  had  destroyed  the  primitive  plant  forma¬ 
tions  and  reduced  the  number  of  species. 

The  chief  plant  societies  on  the  peninsula  were  the  salt  marsh,  the  salt  meadow, 
the  coastal  rocks,  the  sand-dunes,  the  coastal  scrub,  the  tussock-grasslands,  the  inland 
cliff  and  rock,  the  forest,  the  scrub  and  heath,  the  subalpine  scrub,  and  the  subaipine 
grasslands.  Of  those,  the  tussock-grasslands,  the  forest,  the  subalpine  associations, 
and  the  inland  rock  were  the  most  interesting,  and  were  considered  most  fully.  The 
tussock  areas  were  originally  found  only  where  the  hills  were  directly  exposed  to  the 
action  of  the  drying  north-west  winds,  or  where  they  were  sheltered  from  the  moist 
easterlies  but  met  the  full  strength  of  the  cold  south-wester.  Hence  the  belt  of  tus¬ 
socks  between  Lyttelton  North  Head  and  Birdling’s  Flat,  and  again  between  Birdling’s 
Flat  and  Timutimu  (Akaroa)  Heads.  The  rest  of  the  peninsula  was  almost  entirely 
forested.  The  chief  timber-trees  in  this  forest  were  the  totara  and  the  black-pine, 
though  there  had  been  a  considerable  amount  of  white -pine,  and  one  or  two  stands  of 
rimu,  a  species  now  extinct  here.  In  addition  there  had  been  on  the  upper  limits  of  the 
forest,  above  2,000  ft.,  belts  of  mountain-totara  ( Podocarpus  Hallii )  and  New  Zealand 
cedar  ( Libocedrus ).  Many  trees  abundant  elsewhere  were  absent,  particularly  the  rata, 
the  kamahi  ( Weinmannia ),  and  the  celery-pine  (Phylloclaclus).  It  was  thus  a  taxad 
(podocarp)  forest.  Next  to  the  pines  the  largest  tree  was  the  broadleaf  ( Griselinia ). 
In  the  warmer  northerly  and  easterly  valleys  were  to  be  found  a  number  of  northern 
species  at  their  southernmost  limit,  particularly  the  karaka  and  the  nikau,  and 
generally  the  forest  of  the  outer  bays  was  that  of  a  warmer  and  moister  region  than 
that  of  the  landward  area. 

The  rock-vegetation  was  well  developed  and  highly  characteristic,  and  there  was 
a  unique  association  marked  by  species  endemic  to  the  peninsula — Veronica  Lavaudiana 
and  Senecio  saxifragoides.  Above  1’, 500  ft.  a  distinct  scrub  vegetation  began  to  appear, 
a  grass-tree  (Dracophyllum)  and  Gaultheria  antipoda  (the  snowberry)  being  the  leading 
species. 

Above  2,500  ft.,  in  the  centre  of  the  peninsula,  were  the  subalpine  grasslands, 
characterized  by  species  of  Ourisia ,  Euphrasia,  Drapetes,  Forstera,  and  Oreomyrrhis. 
It  was  difficult  to  account  for  the  presence  of  that  subalpine  element. 

There  were  certain  species  which  occurred  nowhere  else  than  in  the  peninsula 
area— a  mountain -daisy  ( Celmisia )  near  Akaroa,  Lavaud’s  Veronica  on  the  rocks  at 
1,000  ft.  and  upwards,  Senecio  saxifragoides  on  the  Lyttelton  Hills,  and  Haast’s  Cotula. 
It  was  one  of  the  remarkable  features  of  the  New  Zealand  flora  that  any  isolated  area 
usually  carried  one  or  more  endemic  species,  and  the  peninsula  was  no  exception  to 
the  rule. 

Another  remarkable  character  of  the  area  was  that  no  fewer  than  seventeen 
species  found  there  their  southernmost  limit.  In  addition  to  the  karaka  and  nikau, 
already  mentioned,  the  most  notable  were  the  pigeon-berry,  titoki,  and  broad-leaved 
cabbage-tree  ( Cordyline  indivisa ),  and  the  true  pepper  ( Macropiper  excelsum). 

A  summary  of  the  evidence  showed  that  the  area  was  an  outlier  of  Cockayne’s 
North-eastern  Botanical  District.  It  was  more  closely  related,  therefore,  to  the  Kai- 
koura  foothills  than  to  any  other.  The  subalpine  area,  however,  was  related  to  the  hills 
north  of  the  city,  particularly  Mounts  Grey  and  Karetu. 

The  paper  concluded  with  a  careful  list  of  the  species  of  the  district,  to  the  number 
of  about  four  hundred.  These  included  seventy-three  species  of  ferns  and  club-mosses, 
seven  pines,  three  beeches,  and  a  few  monocotyledons.  The  great  bulk,  however, 
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Mr.  Laing  said,  were  dicotyledonous  plants  with  a  tendency  to  the  xerophytic  form. 
The  beeches,  which  were  found  on  the  hills  behind  Akaroa,  perhaps  represented  an 
older  forest  now  disappearing  in  the  struggle  for  existence  with  the  Melanesian  forest 
that  had  swept  in  from  the  noith. 

The  chief  previous  investigators  in  the  area  were  *  Raoul,  the  two  Armstrongs, 
and  Dr.  Cockayne.  Professor  Wall  had  published  a  list  of  the  ferns  of  the  Port 
Hills,  and  the  late  T.  Kirk  collected  near  Little  River.  Assistance  had  also  been 
derived  from  Messrs.  Cheeseman  and  Petrie,  and  to  all  of  those  the  author’s  thanks 
were  due. 


Control  of  Animal-disease  in  New  Zealand,  by  C.  J.  Reakes. 

Press  Notice  ( Lyttelton  Times). 

Dr.  C.  J.  Reakes,  Director-General  of  the  Agricultural  Department,  gave  an 
address  on  the  control  of  transmissible  animal-diseases  in  New  Zealand.  He  said  that 
the  unusual  freedom  from  serious  animal-disease  enjoyed  by  New  Zealand  was  doubt¬ 
less  the  result  primarily  of  its  isolation  and  late  period  of  settlement,  and  was  owing 
to  the  fact  that  prior  to  colonization  there  were  no  land  mammals  larger  than  the 
native  rat,  with  the  exception  of  the  progeny  of  pigs  liberated  by  Captain  Cook  in  1773. 
A  further  very  important  factor  in  this  connection  was  in  the  precautionary  measures 
adopted  to  prevent  the  entrance  of  diseases,  and  the  enforcement  of  systematized  internal 
control  of  existent  disease.  That  control  was  carried  out  under  the  stringent  provisions 
of  the  Stock  Act. 

Among  those  diseases  which  did  not  exist  in  the  Dominion  and  had  never  gained 
entrance  in  it  were — Pleuro -pneumonia  contagiosa  of  bovines,  foot-and-mouth  disease, 
piroplasmosis  (so-called  “tick  fever'’),  glanders,  rabies,  surra,  rinderpest,  and  epizootic 
lymphangitis.  The  existent  transmissible  diseases  of  note  present  were — Bovine  and 
porcine  tuberculosis,  symptomatic  anthrax  (blackleg),  actinomycosis,  contagious  abor¬ 
tion  of  cattle,  contagious  mastitis,  and  variola.  Sheep-scabies  gave  much  trouble  in 
earlier  years,  but  was  finally  stamped  out  in  1893.  Anthrax  and  swine -fever  (hog- 
cholera)  had  been  present,  but  as  a  result  of  repressive  rheasures  no  anthrax  had  been 
reported  since  1909,  and  no  swine-fever  since  1902.  In  regard  to  parasitic  diseases, 
pthriasis  (lousiness)  and  infestation  by  the  sheep-tick  ( Melophagus  ovinus)  were  not 
uncommon,  but  the  dipping  operations  compulsory  under  the  Stock  Act  kept  those 
parasites  well  in  check.  Onchoceriasis,  causing  so-called  “  worm-nests  ”  in  cattle,  had 
never  appeared,  while  “  waroles  ”  were  non-existent.  Tick  infestation  of  cattle,  horses, 
and  dogs  in  the  far  North  was  noticeable  of  late,  the  parasites  responsible  being 
Haemaphysalis  punctata  and  occasionally  Ixodes  ricinus.  The  position  regarding  these 
parasites  was  receiving  serious  consideration,  bearing  in  mind  the  depreciation  which 
would  ensue  in  the  value  of  stock  in  the  event  of  their  harbouring  them  in  large  numbers. 
The  following  internal  parasites  were  present  :  Strongylus  filaria,  Strongylus  contortus, 
Strongylus  convolutus,  Gastrophalus  ovis,  and  Distomum  hepaticum  (fluke),  affecting 
sheep  ;  Strongylus  cervicornis,  affecting  young  cattle  ;  and  Strongylus  armatus,  Strongylus 
tetr acanthus,  and  Gastrophulus  equi,  affecting  horses. 

Disease -control  was  carried  out  on  preventive,  repressive,  and  educational  lines. 
The  preventive  measures  might  be  summarized  as  follows  : — 

Live-stock  of  certain  classes  was  only  allowed  entrance  from  certain  countries 
after  the  requirements  of  the  regulations  made  under  the  Stock  Act  had  been  complied 
with.  These  regulations  required — - 

(a.)  A  certificate  of  health  from  an  approved  qualified  veterinary  surgeon  in  the 
country  of  origin.  In  the  case  of  cattle,  that  must  include  certification  of 
having  passed  the  tuberculin  test,  and  in  that  of  horses  of  having  passed 
the  mallein  test. 

(b.)  Examination  by  a  Government  veterinary  surgeon  on  arrival  in  New  Zealand. 

(c.)  Detention  in  cpxarantine  for  a  stated  period. 

(d.)  Examination  by  a  Government  veterinary  surgeon  before  liberation  from 
quarantine.  That  included  the  further  application  of  the  tuberculin  or 
mallein  tests. 

Repressive  measures  for  the  internal  control  of  disease  were  carried  out  by  the 
Agricultural  Department’s  Veterinarians  and  Inspectors  of  Stock,  the  Dominion  being 
divided  into  thirty-seven  districts,  each  in  charge  of  an  Inspector.  A  Government 
Veterinarian  was  stationed  at  a  suitable  centre  in  a  group  of  districts,  from  where  he 
dealt  with  any  outbreaks  or  cases  of  disease  requiring  special  knowledge.  The  Inspectors 
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of  Stock  were  well-trained  men,  who  by  the  development  of  the  faculty  of  close  obser¬ 
vation  were  expert  in  detecting  disease  and  abnormal  conditions. 

Veterinarians  and  Inspectors  of  Stock  made  a  point  of  supplying  information  to 
stockowners  as  to  the  nature  and  causes  of  the  scheduled  diseases,  particularly  of 
methods  necessary  to  prevent  their  introduction  to  farms,  or  their  dissemination  when 
they  had  gamed  entrance.  Advice  was  also  given  in  regard  to  diseases  such  as  con¬ 
tagious  abortion,  contagious  mastitis,  and  parasitic  diseases.  Lectures  on  animal 
health  and  disease  were  delivered  by  the  Veterinarians  and  Inspectors  of  Stock  at 
suitable  centres,  and  thus  much  practical  information  was  conveyed  to  farmers.  It 
was  believed  that  further  development  of  the  Department’s  work  in  connection  with 
disease -control  would  be  even  more  of  an  educational  nature,  repressive  measures  being 
still  carried  out  where  necessary. 

Control  of  disease  was  markedly  aided  by  the  work  done  at  the  Veterinary  Labora¬ 
tory  at  Wallace vi lie,  the  institution  being  in  charge  of  a  fully  qualified  bacteriologist 
and  pathologist,  with  skilled  assistants.  The  main  features  of  the  laboratory  activities 
were  research  and  investigation,  examination  of  disease -specimens  and  samples  of 
milk,  also  the  preparation  of  vaccines. 

Among  specific  cases  of  disease -control  work  carried  out  by  the  Department  were 
the  following :  Anthrax  was  reported  in  1895,  and  was  traced  to  imported  bone 
manure.  Regulations  were  made  in  1905  compelling  the  sterilization  of  this  fertilizer 
at  its  country  of  origin  before  shipment.  It  was  ascertained  that  all  bone  manure  had 
been  imported  from  Australia  and  India,  and  Inspectors  were  appointed  by  the  New 
Zealand  Government  at  Sydney  and  Calcutta,  their  duties  involving  the  supervision 
of  the  sterilizing  process,  the  issue  of  licenses  to  bone -mills  to  export  to  New  Zealand, 
and  issue  of  certificates  of  proper  sterilization  for  each  consignment.  Following  these 
regulations,  the  last  case  of  anthrax  occurred  in  1909.  Swine-fever  (hog-cholera)  was 
first  noticed  in  1895.  Affected  and  contact  pigs  were  slaughtered,  buildings  were 
destroyed,  and  land  on  which  pigs  were  running  was  closed  for  months,  the  owners 
being  compensated  by  the  State.  The  last  outbreak  occurred  in  1902.  It  was  never 
ascertained  how  the  disease  entered  the  Dominion.  Symptomatic  anthrax  (blackleg) 
was  confined  to  the  Province  of  Taranaki  and  a  considerable  portion  of  the  Auckland 
Province.  The  affected  areas  were  gazetted,  and  no  cattle  under  eighteen  months  could 
be  sent  from  those  areas  unless  they  had  first  been  inoculated  by  a  Government  officer, 
and  branded  with  a  special  gazetted  brand.  Government  officers  inoculated  all  calves  in 
those  areas,  the  result  being  that  the  mortality  from  that  disease  had  been  reduced  to 
a  minimum,  but  owing  to  the  vitality  of  the  bacillus  in  the  soil  the  disease  would  not 
be  stamped  out  for  many  years  at  least.  For  the  year  ended  31st  March  last,  226,100 
doses  of  vaccine  were  issued  for  inoculation  purposes  in  the  affected  areas.  The  total 
number  of  deaths  from  the  disease  during  the  year  was  only  333.  The  vaccine  was 
prepared  at  the  Wallaceville  Laboratory.  Bovine  tuberculosis  was  not  widely  dis¬ 
seminated  in  New  Zealand.  The  tuberculin  test  was  largely  used,  but  principally  for 
diagnostic  purposes,  especially  in  dairy  herds,  though  it  was  still,  however,  applied  to 
complete  herds  on  request. 

A  criterion  of  the  value  of  the  results  was  afforded  by  the  returns  of  disease  dis¬ 
covered  at  the  time  of  slaughter  of  cattle  under  inspection.  The  percentage  of 
affected  animals  in  each  year  between  1910  and  1*918  ranged  between  6-62  and  7-46,  the 
last  year  being  7T0.  It  might  appear  that  the  disease  had  only  been  held  in  check  ; 
but  that,  was  true  only  in  a  sense,  seeing  that  the  number  of  cattle  in  the  Dominion 
had  progressively  increased  from  1,773,326  in  1908  to  2,869,465  in  1918,  and  that 
closer  settlement  and  improved  farming  had  brought  about  a  closer  segregation  of 
the  animals,  which  might  be  looked  upon  as  conducive  to  easier  dissemination  of 
tubercular  infection.  The  fact  that  the  percentage  of  affected  cattle  had  not  in¬ 
creased  might  be  regarded  as  proof  that  the  work  of  disease -control  in  that  direction 
had  attained  some  measure  of  success,  especially  as  during  the  war  the  staff  had  been 
depleted. 

The  present  dominant  position  of  animal  husbandry  in  New  Zealand  emphasized 
the  importance  of  a  thorough  system  and  methods  of  control  of  animal -disease  on  the 
part  of  the  State,  and  experience  had  shown  that  stringent  legislation  for  the  purpose 
of  giving  effect  to  that  could  be  effectively  administered  so  long  as  all  entrusted  with 
the  work  acted  with  fairness,  justice,  and  common-sense,  and  thereby  secured  the 
confideuce  of  stockowners,  without  which  the  object  aimed  at  would  be  much  more 
difficult  of  attainment. 

The  Chairman  congratulated  Dr.  Reakes  on  being  appointed  to  the  head  of  the 
Agricultural  Department,  and  said  that  it  was  a  good  thing  for  the  Dominion  that  it 
had  such  a  satisfactory  scientific  outlook  as  far  as  animal-diseases  were  concerned. 


260  The  N.Z.  Journal  of  Science  and  Technology.  [July 

The  Need  of  a  Comprehensive  Dominion  Herbarium,  by  D.  Petrie. 

In  bygone  years  the  Government  of  New  Zealand  did  nmch  to  promote 
the  scientific  study  of  the  native  vegetation  of  this  Dominion.  It  met  the 
expense  of  publishing  most  of  the  important  works  dealing  with  its  flora. 
These  include  Hooker’s  Handbook ,  issued  as  early  as  1864  and  1867  ;  the 
illustrated  work  (for  the  times  excellent)  on  the  native  grasses  by  John 
Buchanan  ;  a  useful  Forest  Flora  (copiously  if  somewhat  roughly  illus¬ 
trated),  edited  by  Thomas  Kirk  ;  the  same  writer’s  unfinished  Students' 
Flora ;  various  valuable  reports  on  limited  little-known  districts  by  Dr. 
L.  Cockayne  ;  the  same  author’s  charming  little  work  on  New  Zealand 
Plants  and  their  Story ;  T.  F.  Cheeseman’s  excellent  and  comprehensive 
Manual :  and,  lastly,  the  fine  volume  of  Illustrations  of  the  New  Zealand 
Flora,  edited  by  Cheeseman,  assisted  by  W.  B.  Hemsley.  No  doubt  a 
considerable  part  of  the  expense  incurred  in  the  production  of  these  works 
was  recouped  by  sales  of  copies,  but,  on  the  whole,  the  record  is  a  credit¬ 
able  one. 

The  collections  of  native  and  introduced  plants  on  which  the  above- 
mentioned  works  were  based  were  mainly  got  together  by  private  botanical 
workers.  As  these  collections  were  gathered  throughout  the  wide  region 
between  Macquarie  Island  in  the  south  and  the  Kermadecs  in  the  north, 
at  a  time  when  travel  was  slow,  inconvenient,  and  costly,  it  is  obvious 
that  great  expense  was  incurred  in  their  accumulation.  All  this  material 
was  made  available  for  the  preparation  of  the  Government  publications 
without  charge  of  any  kind.  Beyond  question,  the  cost  of  publication 
was  greatly  exceeded  by  that  involved  in  the  collection  and  preparation 
of  the  suites  of  specimens  on  which  the  published  works  were  founded. 
So  far  as  I  am  aware,  the  principal  works  dealing  with  the  New  Zealand 
flora  produced  before  the  issue  of  Hooker’s  Handbook  were  prepared  and 
published  at  the  cost  of  the  British  Government.  Of  such  works  by  far 
the  most  important  were  Hooker’s  Flora  Antarctica  and  Flora  Novae- 
Zelandiae,  in  which  a  sound  foundation  was  laid  for  future  workers  to  build 
on.  Indeed,  it  is  to  the  early  publication  and  high  authority  of  Hooker’s 
works  on  the  southern  floras  that  the  present  satisfactory  position  of 
phanerogamic  botany  in  New  Zealand  is  due.  The  part  taken  by  other 
national  Governments  in  elucidating  the  flora  of  our  Islands  need  not  be 
dwelt  on  here. 

The  New  Zealand  Government  has  also  for  some  fifty  years  con¬ 
tributed  a  modest  subsidy  to  the  New  Zealand  Institute,  enabling 
that  body  to  publish  its  annual  Transactions,  in  the  successive  volumes 
of  which  many  papers  on  botanical  subjects  by  local  workers  have 
appeared.  The  promise  of  the  present  New  Zealand  Government 
to  augment  considerably  this  subsidy  to  the  New  Zealand  Institute  is 
evidence  of  a  continued  interest  in  scientific  studies,  and  matter  for 
sincere  congratulation. 

In  all  the  other  British  colonies  of  the  size  and  importance  of  New 
Zealand  their  Governments  have  done  much  more  to  advance  the 
interests  of  botanical  science  than  has  been  attempted  in  our  Dominion. 
They  have,  many  of  them  long  since,  made  adequate  provision  for  the 
employment  of  an  expert  Government  botanist  with  a  suitable  staff  of 
assistants,  and  formed  large  and  valuable  national  herbaria  or  plant 
museums.  In  our  Dominion  no  serious  steps  have  been  taken  in  these 
directions,  and  the  need  of  such  a  national  institution  under  capable 
direction  seems  to  be  little  recognized. 
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At  the  present  moment  the  plant-collections  in  the  Dominion  Museum, 
even  though  greatly  enriched  by  the  recent  deposit  of  the  “  Colenso  V. 
collection,  are  far  inferior  in  extent  and  richness  to  the  herbaria  possessed 
by  several  private  botanical  workers.  That  this  should  be  the  case  is 
little  short  of  a  scandal.  The  past  Directors  of  this  Museum  have  probably 
never  seriously  aimed  at  the  formation  of  a  good  collection  of  native 
plants  ;  they  had  many  other  interests  to  look  after,  and  could  hardly 
specialize  in  all  the  directions  that  were  felt  to  be  desirable.  But  at  one 
time  the  nucleus  of  such  a  public  herbarium  did  exist  in  the  form  of  a 
collection  got  together  by  Dr.  Hector  and  his  assistant  John  Buchanan 
during  their  early  explorations  in  the  central  and  western  districts  of  Otago, 
and  later  in  many  other  districts  visited  in  connection  with  the  Geological 
Survey,  of  which  Dr.  Hector  was  Director.  This  collection  possessed  a 
special  value,  for  it  contained  duplicates  of  many  of  the  specimens  on 
which  Hooker  founded  new  species  in  working  up  his  Handbook.  In  1870 
Thomas  Kirk,  who  had  then  just  examined  it,  refers  to  it  as  “  the  copious 
herbarium  of  the  Colonial  Museum. ”*  Unfortunately,  this  collection  was 
much  neglected.  The  plants  were  not  poisoned,  neither  were  they  kept 
in  closely  fitting  boxes  or  in  tightly  wrapped  parcels.  Left  lying  in  loose 
sheets  of  paper  piled  up  on  open  shelving,  the  specimens  fell  an  easy 
prey  to  moths  and  the  whole  tribe  of  small  destructive  insects,  and  their 
numbers  and  condition  are  now  greatly  impaired. 

A  herbarium  of  considerable  value  was  also  formed  in  connection  with 
the  Canterbury  Museum,  under  the  direction  of  Dr.  Julius  von  Haast,  and 
at  the  expense  of  the  Canterbury  Provincial  Government.  It  too  con¬ 
tained  a  number  of  duplicate  specimens  of  new  species  described  for  the 
first  time  in  Hooker’s  Handbook.  For  many  years  these  treasures  were 
indifferently  cared  for,  and,  not  being  poisoned,  were  subject  to  serious 
deterioration.  But  under  the  present  Director  of  this  Museum  it  has  been 
greatly  enlarged  and  improved,  chiefly  through  the  enthusiastic  work  of 
Professor  Arnold  Wall,  of  Canterbury  College. 

If  this  account  of  existing  public  collections  of  the  native  and  intro¬ 
duced  plants  is  substantially  correct,  as  I  believe  it  to  be,  the  position  is 
surely  most  unsatisfactory,  and  contrasts  most  unfavourably  with  that  which 
•obtains  in  New  South  Wales,  Victoria,  Queensland,  and  other  important 
British  colonies  and  dependencies. 

The  remedy  is  not  far  to  seek  :  our  Government  should  without  delay 
set  about  creating  a  comprehensive  Dominion  Herbarium,  and  appoint 
for  its  management  an  expert  Director  of  Plant  Research.  I  do  not  like 
the  old-fashioned  name  of  Government  Botanist.  It  fails  to  suggest  that 
this  officer  should  undertake  many  duties,  such  as  experimental  investi¬ 
gations  in  plant-breeding,  the  introduction  and  testing  of  useful  exotic 
plants,  the  investigation  and  control  of  plant-diseases,  and  other  such 
activities,  that  are  now  recognized  as  important  national  interests,  but 
were  little  considered  a  generation  or  two  ago.  A  good  garden,  not  so 
much  for  the  display  of  floral,  richness  as  for  practical  economic  purposes, 
will  be  an  indispensable  appendage  to  any  worthy  herbarium  to-day. 

The  principal  functions  of  a  national’  herbarium  and  its  expert  staff 
consist  in  collecting,  permanently  preserving,  classifying,  and  investigating 
the  development  and  structure  of  as  many  as  possible  of  the  members  of 
the  vegetable  kingdom  found  within  the  national  borders.  Scarcely  less 
important  are  inquiries  into  the  uses  and  the  diseases  of  plants  of  economic 


*  Trans.  N.Z.  Inst.,  vol.  3,  p.  161,  1871. 
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importance,  and  the  nvestigation  of  other  questions  of  biological  signific¬ 
ance.  Of  secondary  importance  are  the  identification  of  plants  in  response 
to  inquiries,  and  the  acquisition  by  exchange  of  specimens  of  foreign  plants 
allied  to  native  ones  and  throwing  light  on  their  origin  and  affinities. 
This  work  is  mainly  of  a  strictly  scientific  character,  but  with  many  known 
and  also  many  unforeseen  applications  to  the  interests  of  practical  life. 
Tt  cannot,  of  course,  be  overtaken  in  a  short  time,  but  the  need  for  an 
early  start  is  obvious  and  urgent. 

Much  has  already  been  done  in  the  investigation  of  the  flowering-plants 
and  ferns  of  New  Zealand  ;  but  in  the  great  divisions  of  cryptogamic 
botany  ranking  below  the  ferns  there  is  scope  for  a  vast  amount  of 
research.  In  this  wide  field  but  little  has  been  done  by  local  workers 
to  advance  our  knowledge.  This  is  due  to  the  complete  absence  of  local 
collections  within  the  Dominion,  to  the  difficulty  in  procuring  the  litera¬ 
ture  of  the  various  divisions,  to  the  difficulty  in  preserving  specimens  for 
future  examination,  and  to  radical  changes  in  classification  since  the  older 
standard  works  were  written.  It  is  in  the  working-up  of  this  vast  domain 
that  a  national  herbarium  is  most  sorely  needed. 

I  have  described  the  herbarium  we  seem  to^  need  as  a  comprehensive 
one.  It  should  be  comprehensive  in  the  sense  that  it  would  omit  no 
section  of  vegetable  life  from  its  purview  ;  the  Algae,  the  Fungi,  the 
Lichens,  and  so  on,  would  be  as  welcome  to  its  inquiries  as  the  most  useful 
and  attractive  flowering-plants.  It  should  be  comprehensive  also  in  the 
sense  that  it  would  aim  at  acquiring  large  suites  of  specimens  of  as  many 
as  possible  of  the  species,  varieties,  and  local  forms,  gathered  from  many 
diverse  stations  within  the  range  of  each.  In  this  respect  a  great  public 
institution  would  obviously  possess  enormous  advantage  over  private 
workers.  The  possession  of  large  series  of  specimens  of  the  lower  units 
of  classification  is  necessary  for  their  correct  delimitation,  and  might  well 
help  in  throwing  light  on  the  evolution  of  new  plant-forms,  for  these  appear 
first  of  all  as  varieties  or  local  forms  or  races.  It  is  in  this  direction  that 
the  intensive  study  of  the  native  plants  is  likely  to  prove  most  fruitful.. 
The  garden  cultivation  of  local  forms  and  of  varieties  should  also  be  part 
of  the  task  of  a  Director  of  Plant  Research. 

Moreover,  the  plant  population  of  this  Dominion  is  undergoing  rapid 
change.  The  host  of  foreign  plants  that  enters  it  uninvited  from  all 
quarters  of  the  globe  goes  on  increasing  year  by  year.  The  spread  of 
settlement  and  the  pastoral  occupation  of  the  rougher  areas  likewise  go 
on  apace,  bringing  many  changes  in  their  train.  A  good  many  native 
species  are  now  greatly  restricted  in  the  number  of  individuals  growing, 
and  some  may  even  be  in  danger  of  early  extinction.  In  these  circum¬ 
stances  it  is  most  desirable  that  suitable  collections  of  the  rarer  native 
plants  should  be  made  before  adverse  changes  have  further  reduced  their 
numbers,  and  especially  that  species  threatened  with  extinction  should  be 
grown  under  garden  conditions  and  be  protected  in  a  state  of  nature  by 
suitable  plant-sanctuaries,  like  the  valuable  Ruapehu-Tongariro  Reserve, 
where  such  can  be  provided. 

In  view  of  what  has  been  set  forth  above  I  gladly  take  the  present 
opportunity  to  urge  on  the  members  of  the  New  Zealand  Institute  the 
need  for  speedy  public  action  in  founding  a  comprehensive  plant-museum 
for  the  Dominion.  And  I  would  beg  the  Board  of  Governors  of  the 
Institute  to  impress  on  the  Government  the  duty  which  it  owes  to  the 
people  of  New  Zealand  and  to  the  scientific  world  in  the  matter  of  organized 
plant  research. 
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Polymorphism  in  the  Common  New  Zealand  Limpet,  Cellana  radians 
(Gmelin),*  by  J.  Allan  Thomson. 

Some  two  years  ago,  when  attempting  to  label  a  series  of  shells  for  the 
reference  collection  of  the  Dominion  Museum,  I  found  great  difficulty  in 
naming  the  common  limpets  which  Suter  has  included  in  the  Manual  of  the 
New  Zealand  Mollusca  under  the  name  of  Helcioniscus  radians ,  with  sub¬ 
species  argenteus,  decorus,  earli,  affinis,  flavus ,  olivaceus,  and  mestayerae. 

Iredalef  has  since  shown  that  the  generic  name  Cellana  has  priority 
over  Helcioniscus,  and  that  several  of  the  names  for  subspecies  are 
preoccupied — viz.,  argentea,  affinis,  and  olivacea.  For  the  latter  he  proposes 
a  new  name,  perana,  and  unites  with  it  argentea.  Helcioniscus  mestayerae 
is,  he  states,  not  a  New  Zealand  shell.  Patella  antipodum  Smith,  which 
Suter  considered  a  distinct  species,  is  a  common  variant  of  Cellana 
radians.  Iredale  therefore  recognizes — 

Cellana  radians  Gmelin  (1791). 

,,  ,,  var.  decora  Philippi  (1848). 

,,  ,,  ,,  earli  Reeve  (1855). 

,,  ,,  ,,  ?  chathamensis  Pilsbry  (1891). 

,,  ,,  ,,  flava  Hutton  (1873). 

,,  ,,  ,,  perana  Iredale  (1915). 

Iredale  further  remarks,  A  most  delightful  field  of  study  here  reveals 
itself,  as  the  species  and  varieties  are  repeated  throughout  the  Dominion, 
and  there  must  be  a  recognizable  cause  for  the  repetition  of  distinct  forms 
in  separate  localities.  An  easily  determined  form  is  Cellana  radians  var. 
flava  Hutton.  This  beautiful  shell  is  common  at  Napier,  and  lies  upon 
the  red  sandstone  rocks,  into  which  it  makes  hollows,  so  that  it  is  difficult 
to  detach  without  cutting  the  rock  away.  Upon  the  black  hard  rocks 
intermingled  dark  shells  are  found,  and  I  believe  that  this  yellow  form 
will  only  be  obtained  when  the  soft  red  rocks  are  available  for  its  develop¬ 
ment.  Perfectly  coloured  shells  are  rare,  as  might  be  anticipated." 

Cellana  decora  (Philippi)  should  be  removed  from  the  C.  radians  group 
and  placed  in  the  synonymy  of  C.  strigilis.  On  being  shown  a  photograph 
of  the  original  figure  of  C.  decora,  kindly  supplied  by  Mr.  C.  Hedley,  the 
late  Mr.  H.  Suter  at  once  agreed  with  me  that  it  was  a  typical  strigilis. 

It  seemed  to  me  that  certain  characters  of  limpets  could  be  considered 
from  a  developmental  and  evolutionary  point  of  view.  Moreover,  Iredale’s 
suggestion  as  to  the  influence  of  the  colour  of  the  rock  on  the  colour  of  the 
shell  .seemed  worth  following  up.  I  have  therefore  collected  extensive 
series  of  shells  from  as  many  localities  as  possible,  including  Kapiti  Island, 
Titahi  Bay,  Wellington,  French  Pass,  Stephen  Island,  Ship  Cove,  Queen 
Charlotte  Sound,  Sumner,  Lyttelton,  Oama.ru,  Waitati,  Tairoa.  Heads, 
St.  Clair,  Seaview,  and  Brighton  (near  Dunedin).  Correspondents  have 
also  sent  me  series  from  Auckland  and  North  Auckland,  Hawera,  and  the 
Bluff.  I  find,  however,  that  the  species  flava  is  common  only  on  the  east 
coast  of  North  Canterbury  and  Marlborough  and  the  east  coast  of  the 
North  Island,  and  I  have  not  had  an  opportunity  of  studying  a  satisfactory 
series.  The  remarks  I  have  to  make  are  therefore  only  in  the  nature  of  a 
progress  report. 


*  This  paper  represents  the  tentative  conclusions  I  have  formed  in  reference  to 
the  polymorphism  of  the  common  New  Zealand  limpet,  but  the  research  is  bv  no  means 
concluded.  In  a  later  paper  I  hope  to  present  figures  illustrating  the  various  points. 
At  the  Congress  these  were  illustrated  by  actual  specimens, 
f  Trans.  N.Z.  Inst.,  vol.  47,  pp.  430-33,  1915. 
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The  characters  used  for  discriminating  species  and  subspecies  are  chiefly 
form,  ornament,  and  colour.  Other  characters  which  may  be  useful  are 
the  nature  of  the  muscular  scar  and  of  the  radula. 

Form. — There  are  three  main  elements  in  form  :  (1)  The  outline,  whether 
broadly  or  narrowly  oval,  elliptical,  or  circular ;  (2)  the  position  of  the  apex, 
whether  near  or  distant  from  the  front  margin  ;  (3)  the  height  of  the 

shell,  whether  low  (depressed)  or  high  (conical). 

The  form  must  be  considered  from  the  point  of  view  of  its  development. 
In  very  young  shells  the  apex  is  quite  anterior,  and  during  growth  it 
gradually  recedes  from  the  front  margin.  In  shells  of  the  same  size  it 
has  receded  in  some  farther  than  in  others.  These  may  therefore  be 
considered  as  more  advanced  in  form  than  the  latter,  or  we  may  say  that 
the  latter  are  arrested  juveniles  of  the  former. 

In  outline  the  shells  of  this  group  are  always  narrower  towards  the 
front—  i.e.,  the  shape  is  ovate ;  but  the  shells  broaden  behind  with  age. 
We  may  therefore  regard  narrow,  long  shells  as  less  advanced  than  broad 
shells  of  the  same  length.  In  general  the  shells  do  not  accommodate 
themselves  to  accidental  depressions  in  the  rocks,  but  occasionally  they 
do,  and  then  the  shape  becomes  irregular  in  outline. 

The  high  conical  shells  go  through  a  depressed  stage  with  an  anterior 
apex.  They  are  therefore  more  advanced  in  form  than  the  depressed 
adult  shells,  and  deserve  specific  recognition  on  this  account.  The  species 
jperana  and  flava  belong  here.  Perhaps  an  intermediate  species  should  be 
recognized.  The  type  of  radians  is  a  depressed  form. 

Ornament. — Three  main  types  may  be  recognized,  which  may  be  termed 
smooth,  striate,  and  ribbed  or  folded.  These  terms  are,  however,  only 
relative,  even  the  apparently  smooth  shells  being  microscopically  striate. 
In  general  the  folded  shells  show  a  development  from  smooth  through 
striate  to  folded,  but  occasionally  the  striate  stage  appears  to  be  suppressed. 
In  the  depressed  C.  radians  adult  shells  may  be  smooth,  striate,  or  folded. 
In  many  localities  the  conical  C.  perana  is  always  folded  when  adult,  but 
in  others  it  is  only  striate.  I  have  never  observed  it  smooth. 

Colour. — There  are  two  main  types  of  colour-pattern,  with  many  inter¬ 
mediates.  The  one  consists  of  simple  radial  brown  lines,  broken  or  con¬ 
tinuous,  following  the  main  ribs.  The  other  consists  of  alternately  brown 
and  colourless  broad  or  narrow  bands  crossing  the  shell  at  an  angle  with  the 
ribs,  and  generally  divaricating.  This  latter  is  found  on  the  type  of  the 
subspecies  earli,  and  may  be  termed  the  44  earli  ”  pattern.  A  third  type 
according  to  colour  includes  shells  without  any  colour-pattern.  These 
variations  in  colour  and  pattern  have  been  extensively  used  in  the  dis¬ 
crimination  of  the  subspecies. 

As  a  matter  of  fact,  a  shell  may  alter  its  pattern  during  growth.  It 
may  change  from  radial  to  44  earli  ”  pattern  or  vice  versa,  or  it  may  lose 
colour-pattern  altogether  for  a  period  and  then  resume  it.  Obviously, 
therefore,  the  pattern  can  be  used  for  classificatory  purposes  only  with 
great  caution.  Colour-pattern  is  not  a  character  in  which  there  is 
continuous  development  in  a  definite  direction.  Moreover,  the  patterns 
repeat  themselves  in  a  similar  manner  in  both  depressed  and  conical  forms. 
The  44  earli  ”  pattern  is  not  so  common  on  conical  shells,  but  it  is  occasion¬ 
ally  well  exhibited,  while  shells  without  colour-markings  are  commoner  in 
conical  than  in  depressed  forms. 

Before  discussing  the  significance  of  the  colour  and  pattern  and  its 
relation  to  environment  it  is  of  interest  to  note  the  probable  mechanism 
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of  the  alterations.  As  a  matter  of  fact,  there  is  a  primitive  colour-pattern 
in  young  shells  which  is  sometimes  retained  in  nearly  adult  forms.  It 
consists  of  very  faint  brown  divaricating  lines,  sometimes  associated  with 
broken  radials  but  very  much  weaker  than  them.  It  is  found  both  on 
depressed  and  conical  shells.  •  When  the  “  earli  ”  pattern  starts  to 
develop,  this  primitive  pattern  disappears  and  there  are  areas  of  milky- 
white  shell  without  any  colour.  It  seems  as  if  the  “  earli  ”  pattern  is 
merely  an  accentuation  of  the  primitive  pattern  on  a  larger  scale. 

I  have_  been  unable  to  connect  the  presence  of  radial  or  “  earli  ” 
pattern  with  environment.  Both  are  found  on  shells  growing  on  rocks  of 
the  same  nature,  at  high-  and  low-water  mark,  on  clean  and  weed-covered 
shells,  and  they  occur  together. 

There  is  one  observation  regarding  colour,  however,  which  seems  of 
some  importance.  The  pattern  lies  in  the  outer  layers  of  the  shell  and  is 
often  lost  by  corrosion.  In  such  cases  there  is  a  patternless  colour  in  the 
thickened  inside  layer  of  the  shell — patternless  because  it  is  not  deposited  by 
the  growing  edge  of  the  mantle.  The  muscle-impression  becomes  deepened 
in  colour,  and  there  is  further  colour  outside  it.  This  is  true  not  only  of 
the  Cellana  radians  group,  but  also  of  C.  ornata  and  C.  denticulata.  In 
C.  stellifera,  which  never  occurs  much  above  low-tide  mark,  it  is  rare  to 
find  more  than  slight  corrosion  at  the  apex,  but  in  such  shells  the  usually 
white  muscular  impression  becomes  coloured.  It  would  be  of  interest  to 
know  whether  this  phenomenon  is  general  in  limpets.  Internal  colour  is 
frequently  made  a  character  for  specific  discrimination,  but  if  it  depends 
partly  on  corrosion  it  is  obvious  that  it  should  not  be  so  used  without 
reference  to  the  corrosion  of  the  shell.  The  fact  that  corroded  shells 
possess  internal  colour  suggests  that  the  colour  is  necessary  to  the  animal 
as  a  protection  from  light  or  heat.  Corrosion  is  in  part  due  to  abrasion 
by  water  and  sand,  but  probably  it  is  due  in  most  cases  to  weathering.  The 
shells  highest  up  on  the  rocks  become  nearly  dried  during  low  tides  and 
must  be  coated  by  a  strong  solution  of  brine,  which  may  exercise  a  solvent 
action  on  them.  They  are  frequently  washed  by  rain,  and  alternately 
wetted  and  dried.  Few  shells  in  such  positions  are  not  corroded,  and  it 
is  probable  that  the  action  of  the  weather  is  more  effective  than  the 
abrasive  action  of  the  waves.  The  effect,  however,  is  the  same  in  both 
cases — viz.,  the  removal  of  the  original  colour-pattern  and  the  deposition 
of  the  internal  colour. 

As  regards  colour  and  the  nature  of  the  rock,  my  observations  do  not 
fully  bear  out  Iredale’s  suggestions.  The  shells  on  the  Bed  Bocks  near 
Wellington  differ  not  at  all  from  those  on  the  adjacent  greywacke  rocks. 
In  the  depressed  forms  ( C .  radians )  entire  lack  of  colour-pattern  is  rare, 
and  I  have  only  obtained  one  specimen,  from  Kapiti  Island,  which  is 
colourless  when  adult. 

In  a  series  from  the  white  Caversham  sandstone  cliffs  of  Seaview,  near 
Dunedin,  however,  there  seems  to  be  a  tendency  to  adaptation.  A  fair 
proportion  of  the  shells  are  rather  dark,  due  to  crowded  radial  bands, 
and  a  still  smaller  proportion  show  a  tendency  to  an  “  earli  ”  pattern. 
A  large  number  of  shells,  however,  are  of  a  yellow  colour,  with  simple, 
distant  dark  radials.  In  these  shells  the  primitive  divaricating  markings 
have  disappeared.  In  the  yellow  colour  the  shells  show  an  approach  to 
C.  jlava. 

C.  flava  I  have  been  unable  as  yet  to  study  in  situ ,  but  offer  the 
following  suggestion.  It  is  common  only  on  the  east  coast  of  the  South 
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Island  from  Stony  hurst  northwards  and  on  the  east  coast  of  the  North 
Island.  On  these  coasts  there  is  a  considerable  development  of  the  Amuri 
limestone,  and  in  an  earlier  geological  epoch  there  may  have  been  still  more 
limestone.  Or  this  glaringly  white  rock  limpets  would  be  exposed  to  intense 
light.  Presumably  C.  flava  contains  the  same  pigment  as  the  other  shells, 
but  spread  evenly  through  the  shell-substance.  This  may  afford  a  better 
protection  from  light  than  colour  spaced  in  a  pattern. 

I  doubt  if  adaptation  of  an  individual  shell  to  a  pale-coloured  (red  or 
white)  rock  is  as  complete  as  Iredale  suggests.  C.  flava  is  probably  a 
true  species  evolved  on  the  Amuri  limestone,  which  has  not  entirely  lost 
its  power  of  producing  dark  radials.  When  the  fry  settle  on  dark  rocks 
they  probably  do  not  give  rise  to  dark  species. 

Postscript  (12/ 6/19) . — Since  this  paper  was  read  I  have  collected  a  series 
of  C.  flava  from  the  “  grey  marls  ”  (Oamaruian  sandstone)  of  Waipapa 
Point,  Marlborough,  where  it  occurs  associated  with  C.  radians.  On  the 
neighbouring  Amuri  limestone  the  limpets  are  mostly  small  and  dwarfed,  and 
C.  flava  though  present  is  not  abundant.  As  Iredale  remarked,  at  Napier 
the  C.  flava  excavates  hollows  in  the  soft  “  grey  marls/  although  the 
neighbouring  C.  radians  does  not.  Obviously  the  above  suggested  explana¬ 
tion  does  not  apply  exactly.  I  shall  be  glad  to  .obtain  series  of  limpets 
from  collectors  in  all  parts  of  New  Zealand  and  the  Chatham  Islands  for 
further  study.  The  hardness  and  colour  of  the  rocks  should  be  noted, 
and  as  large  as  possible  a  series  from  young  to  adult  should  be  procured, 
uncorroded  shells  being  selected  where  possible. 


A  New  Discoglossoid  Frog  from  New  Zealand  (Liopelma  hamiltoni ), 

by  A.  It.  McCulloch  (communicated  by  J.  A.  Thomson). 

(This  paper  will  appear  in  the  Transactions). 

Abstract. 

Dr.  Thomson  exhibited  a  live  specimen  of  a  new  species  of  frog  which 
was  discovered  on  Stephen  Island  by  Mr.  H.  Hamilton  in  1916.  This 
specimen,  together  with  others  subsequently  collected  by  Dr.  Thomson, 
was  submitted  to  Mr.  A.  K.  McCulloch,  of  the  Australian  Museum,  Sydney, 
who  after  dissection  identified  it  as  a  new  species  of  Liopelma,  the  genus 
to  which  the  only  other  known  endenfic  frog,  Liopelma  hochstetteri,  also 
belonged.  Anatomically  the  species  was  a  discoglossoid  frog,  but  in  habits 
it  resembled  more  a  toad,  living  under  stones,  where  it  probably  fed  on 
beetles,  wetas,  and  worms,  and  hibernating  also  near  the  centre  of  a  large 
pile  of  stones.  During  the  summer  the  few  streams  on  Stephen  Island 
dried  up,  and  there  was  no  surface  water.  It  was  probable,  therefore,  that 
the  species  had  no  free -swimming  tadpole  stage  but  was  viviparous. 

The  Pronunciation  of  Scientific  Terms  in  New  Zealand,  with  Special 

Reference  to  the  Terms  of  Botany,  by  A.  Wall. 

(This  p£per  will  appear  in  the  Transactions). 

Press  Notice  ( Lyttelton  Times). 

Professor  A.  Wall  read,  a  paper  on  “  The  Pronunciation  of  Scientific  Terms  in  New 
Zealand,  with  Special  Reference  to  the  Terms  of  Botany.”  Having  regard  to  the 
chaotic  pronunciation  of  scientific  terms,  especially  those  of  botany,  in  New  Zealand, 
he  proposed  an  attempt  to  standardize  it  and  fix  a  system.  He  discussed  whether 
it  would  be  'preferable  to  choose  the  “insular”  or  the  “Continental”  mode  of 
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pronouncing  Latin  and  Greek  terms.  He  showed  the  extreme  difficulty  of  establishing  a 
“  Continental  ”  or  reformed  mode,  owing  to — 

(1.)  The  fact  that  the  “insular,”  or  “English,”  mode  still  obtained  largely  among 
scientific  men  in  England  : 

(2.)  The  anglicization  of  so  many  terms,  or  parts  of  them,  in  common  speech  : 

(3.)  The  supreme  difficulty  created  by  the  specific  and  generic  terms  based  upon 
personal  names — English,  Scotch,  French,  German,  and  so  on — all  of  which 
would  have  to  be  pronounced  in  a  Latin,  not  a  national,  mode  : 

(4.)  The  fact  that  there  were  great  inconsistencies  in  the  pronunciation  of  Latin 
as  taught  in  the  different  schools  in  New  Zealand  : 

(5.)  The  peculiar  English  system  of  stressing  or  accenting  words,  which  often 
completely  delatinized  them,  even  when  the  correct  sound  was  given  to 
every  syllable  : 

(6.)  The  fact  that  the  farmer  and  gardener  and  other  practical  men  who  had 
occasion  to  use  those  terms  naturally  tended  to  pronounce  them  in  the 
English  manner. 

Professor  Wall  discussed  the  alternatives,  supposing  that  the  difficulties  of  the 
“Continental”  mode  proved  insuperable,  and  decided  that  the  “Continental”  mode, 
in  spite  of  all  disadvantages  and  drawbacks,  was  the  one  that  should  be  aimed  at. 
He  thought,  nevertheless,  that  a  completely  phonetic,  scientific,  and  rigidly  logical 
system  might  never  be  achieved.  He  recommended  the  appointment  by  the  New  Zea¬ 
land  Institute  of  a  committee  to  draw  up  a  scheme  and  consider  details,  and  said  he 
hoped  that  the  result  of  the  work  of  such  a  committee,  and  of  that  paper,  would  be, 
at  any  rate,  an  approximation  to  the  logical  and  scientific  rather  than  to  the  popular 
and  slipshod  method  which  threatened  to  become  dominant  in  the  future. 

Archdeacon  H.  W.  Williams  said  that  he  was  opposed  to  some  of  Professor  Wall’s 
arguments. 

Dr.  L.  Cockayne  said  that  if  boys  or  girls  who  wished  to  take  up  science  had  to 
learn  their  own  language  and  a  scientific  language  as  well  it  would  be  very  difficult 
for  them.  He  was  radical  in  most  things,  but  he  was  a  rank  conservative  on  the 
subject  of  the  paper,  and  preferred  the  present  “go  as  you  please  ”  system. 

It  was  decided  to  recommend  that  the  committee  suggested  by  Professor  Wall 
should  be  appointed. 

A  Plea  for  Greater  Simplicity  in  Biological  Language,  by  C.  Chilton. 

Press  Notice  ( Lyttelton  Times). 

Dr.  C.  Chilton  read  a  paper  on  “A  Plea  for  Greater  Simplicity  in  Biological 
Language.”  He  said  that  there  was  an  increasing  tendency  for  authors  of  works  in  all 
departments  of  biology  to  invent  new  terms,  usually  of  Greek  or  Latin  origin,  which 
conveyed  no  meaning  to  those  who  had  no  knowledge  of  those  languages.  The  generic 
and  specific  names  of  plants  and  animals  must  be  international  in  currency,  and  were 
therefore  either  Greek  or  Latin.  The  paper  did  not  refer  to  them,  but  dealt  with  the 
names  used  for  the  different  parts  of  animals  and  plants,  the  actions  performed  by 
them,  their  relationship  to  one  another  and  to  the  environment,  and  for  the  many 
other  phenomena  comprised  within  the  study  of  biology.  Many  of  those  were  totally 
unnecessary,  and  their  constant  use  hindered  the  general  usefulness  of  many  of  the 
modern  works  on  the  physiology  of  plants,  on  plant  ecology,  cytologjq  evolution,  and 
so  on.  It  was  contended  that — 

(1.)  Those  terms  were  unnecessary,  as  simple  English  words  could  be  found  to 
express  the  same  thing  : 

(2.)  They  were  confusing,  many  of  them  sounding  and  looking  alike,  though  the 
meanings  they  were  intended  to  convey  were  totally  different  : 

(3.)  The  spelling  of  many  of  them  was  uncertain  : 

(4.)  They  taxed  the  student’s  brain  unnecessarily,  whole  lectures  being  given  up 
simply  to  explanation  of  them  : 

(5.)  By  themselves  they  conveyed  no  meaning  to  those  who  knew  no  Greek  or 
Latin,  and  they  often  hindered  further  inquiry,  the  name  being  taken  as 
.  an  explanation  of  a  phenomenon,  whereas  it  was  merely  a  stating  of  the 
fact  of  the  phenomenon  in  another  way  : 

(6.)  There  being  no  law  of  priority  with  regard  to  those  names,  different  authors 
could  invent  different  names  for  the  same  thing,  and  several  names  might 
be  in  use  for  the  same  phenomenon. 

Professor  Kirk  said  that  there  should  be  Empire  reform,  perhaps  international 
reform,  on  the  subject.  Every  New  Zealand  teacher  resented  the  piling-up  of  terms. 
There  was  scarcely  a  scientific  paper  from  the  Old  Country  that  did  not  contain  some 
term  New  Zealand  teachers  had  not  thought  it  necessary  to  teach  their  pupils.  He 
would  move  a  motion  in  favour  of  reform  the  following  day. 
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The  Status  of  Entomology  in  the  Economy  of  the  Dominion,  by 

David  Miller,  Government  Entomologist. 

The  part  played  by  insects  in  the  economy  of  a  country  is  a  feature  of 
agriculture  too  frequently  overlooked,  although,  fortunately,  legislation  in 
New  Zealand  compels  the  control  of  several  noxious  forms.  However,  there 
are  vet  many  other  species  which  are  responsible  for  a  considerable  annual 
loss  to  the  producer,  and  if  such  inroads  are  allowed  to  occur  without 
utilizing  the  most  rigid  methods  of  control  the  development  of  the  country 
must  consequently  suffer — -a  subject  worthy  of  serious  consideration,  particu¬ 
larly  at  the  present  time,  when  every  measure  possible  should  be  adopted  to 
ensure  the  conservation  of  our  resources. 

The  extreme  abundance  of  insects  as  compared  with  other  forms  of 
animal-life  may  be  illustrated  by  spreading  a  newspaper  upon  the  ground 
and  shaking  any  overhanging  vegetation  into  it,  or  by  sweeping  an  insect- 
net  through  grass  or  the  foliage  of  shrubs,  when  the  number  and  variety 
of  insects  collected  will  be  surprising.  This  is  better  understood  when  we 
realize  that  insects  are  numerically  superior  to  any  other  group  of  animals, 
insect  species  comprising,  indeed,  about  80  per  cent,  of  the  animal  kingdom 
(see  figure).  Fortunately,  however,  those  species  with  noxious  inclinations 
are  not  only  in  the  minority,  but  also  are  suppressed,  more  or  less,  by  an 
extensive  section  of  their  fellows,  which  carries  on  a  relentless  warfare  upon 
them.  Corresponding  with  the  numerical  inferiority  of  the  injurious  species 
to  those  preying  upon  them,  the  former  are  considerably  more  fertile  than 
the  latter,  but  the  fertility  varies  according  to  the  severity  of  the  attacking 
species.  Owing  to  the  factors  controlling  the  equilibrium,  under  normal 
conditions  only  a  comparative  few  out  of  the  excessive  numbers  of  young 
produced  by  a  noxious  insect  reach  maturity;  but  as  soon  as  a  favour¬ 
able  chance  occurs  there  results  a  sudden  increase  of  the  pest,  often  with 
disastrous  results. 

Insects  become  noxious  only  when  detrimental  to  man’s  economy  ;  they 
are  never  so  in  a  free  state,  since  there  they  aid  in  preserving  an  equili¬ 
brium  amongst  the  vegetation,  &c.,  just  as  the  parasitic  and  predaceous 
insects  are  a  means  towards  repressing  any  undue  increase  of  their  fellows. 
However,  both  the  former  and  the  latter  differ  in  their  economic  appli¬ 
cation.  Those  species  forsaking  their  natural  diet  for  the  products  of 
man  at  once  become  useless  and  a  danger  to  his  economy,  whereas  the 
natural  habits  of  the  predaceous  and  parasitic  forms  can  still  be  utilized 
either  as  a  main  factor  or  as  auxiliaries  in  the  suppression  of  their  noxious 
brethren. 

In  New  Zealand,  as  in  most  young  countries,  we  find  that  our  noxious 
insects  originate  from  two  sources  :  (1)  A  few  of  the  indigenous  species 
have  forsaken  their  natural  habitat  and,  by  attacking  man’s  products,  have 
become  injurious  ;  (2)  several  of  the  injurious  forms  have  been  accidentally 
introduced  from  other  countries,  and  these  are  the  most  numerous  and 
their  depredations  are  the  most  serious.  The  indigenous  noxious  forms, 
although  rapidly  increasing  at  times  under  favourable  conditions  produced 
by  cultivation,  are  still  exposed,  more  or  less,  to  the  controlling  influence 
of  certain  indigenous  factors  ;  but  the  exotic  forms,  being  liberated  in  a 
land  free  from  the  forces  suppressing  them  in  their  original  homes,  more 
readily  become  established  and  abnormally  prolific  under  the  new  condi¬ 
tions.  The  establishment  of  an  exotic  insect  pest  to  a  dangerous  extent 
does  not  in  all  cases  follow  immediately  upon  its  introduction.  Such  an 
insect  may  never  become  destructive  in  its  new  home,  and  frequently  it 
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is  of  very  rare  occurrence  over  a  'considerable  period  before  favourable 
conditions  present  themselves  for  its  abnormal  development.  This  is  illus¬ 
trated  by  the  steel-blue  saw-fly  (Sirex  juvencus),  which,  although  occurring 
in  New  Zealand  for  approximately  the  last  fifteen  years  and  at  times 
attacking  conifers,  is  as  yet  comparatively  rare.  Of  considerable  interest  to 
fruitgrowers  is  the  initial  outbreak  this  summer  of  the  pear-midge  ( Perrisia 
pyri)  in  the  Auckland  district,  but  precisely  when  this  fly  was  first  intro¬ 
duced  is  not  at  present  known.  On  the  other  hand,  the  Australian  gum- 
tree  scale  ( Eriococcus  coriaceous)  spread  with  marvellous  rapidity  practically 
from  its  introduction,  so  that  within  five  or  six  years  the  Eucalyptus 
plantations  of  Canterbury  and  Otago  were  seriously  infested.  It  is  interest¬ 
ing  to  note  that  this  scale  insect  does  no  damage  to  Eucalyptus  trees  in 
Australia,  where  it  is  preyed  upon  and  held  in  check  by  a  ladybird  beetle 
( Rhizobius  ventralis).  Consignments  of  this  latter  insect,  therefore,  were 
brought  from  Australia  and  established  in  the  infested  areas,  with  the  result 
that  the  scale  was  practically  eliminated  within  a  few  years. 

If  we  review  the  noxious  insect  fauna  of  New  Zealand  it  will  be  found 
that,  of  the  approximate  total  of  species  already  recorded,  the  indi¬ 
genous  element  equals  only  18  per  cent.  The  countries  of  origin  of  the 
exotic  82  per  cent,  are  Europe,  Australia, 

North  America,  Pacific  islands,  and  South 
Africa.  The  European  element  is  by  far  the 
most  prominent,  making  up  about  68  per 
cent. ;  of  the  others,  the  Australian  accounts 
for  approximately  9  per  cent.,  the  North 
American  2  per  cent.,  and  the  Pacific 
islands,  South  African,  and  cosmopolitan 
1  per  cent.  each.  The  most  pronounced 
elements,  therefore,  of  our  destructive  in¬ 
sect  fauna  are  the  European  and  the 
indigenous,  but  in  proportion  the  latter 
is  hardly  one-fifth  of  the  former,  although 
there  is  every  likelihood  of  additional  native 
forms  becoming  injurious. 

Considering  our  noxious  insects  from 
the  viewpoint  of  their  habitats,  it  will  be 
found  that  approximately  28  per  cent,  are 
orchard  pests,  22  per  cent,  affect  live-stock 
stored  products  and  household  goods,  and  19  per  cent,  damage  field  and 
vegetable  crops.  Although  the  orchard  pests  comprise  the  largest  group, 
the  damage  caused  by  them  varies  inversely  as  their  numbers,  owing 
to  the  extensive  use  of  contact  and  poison  sprays.  However,  if  the 
fight  against  these  pests  were  at  all  lessened  the  damage  due  to  them 
would  correspondingly  increase,  with  disastrous  results  to  the  fruit 
industry.  In  the  early  days  of  the  Dominion,  before  most  of  these 
destructive  insects  had  become  established,  exotic  fruits  could  be  grown 
without  fear  of  attack,  but  later  on  the  fruit  industry  was  so  dan-  I 
gerously  threatened  by  insect  depredations  that  it  would  have  come  to  a 
standstill  had  rigorous  measures  not  been  adopted.  It  is  of  interest  to 
note  that  approximately  two-thirds  of  these  orchard  pests  are  exotic  and  I 
one-third  indigenous. 

The  members  of  the  group  injurious  to  live-stock  and  man  are,  as  far 
as  we  know,  all  exotic,  and  do  not  as  yet  cause  such  extensive  damage 
to  their  hosts  as  they  do  in  their  native  habitats. 


Proportion  of  number  of  insect 
species  (black)  to  species  of  all 
other  animals  (white). 


and  man,  21  per  cent,  attack 
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Of  the  stored-products  and  household  pests  approximately  seven-eighths 
are  exotic  and  one-eighth  indigenous. 

Finally,  the  insects  injurious  to  field  and  vegetable  crops,  although 
numerically  inferior  to  any  of  the  others  already  discussed,  are  responsible, 
perhaps,  for  a  greater  amount  of  damage  in  proportion  to  their  numbers. 
The  reason  for  this  is  probably  due  to  the  fact  that  the  methods  for 
controlling  the  other  groups  are  better  understood  and  more  thorough, 
particularly  relative  to  the  orchard  and  live-stock  pests,  where  legislation 
necessitates  the  adoption  of  suitable  methods  for  their  suppression  ;  also, 
the  information  regarding  the  field  and  vegetable  foes  is  extremely  meagre, 
so  that  there  is  very  little  in  this  respect  upon  which  the  agriculturist  can 
base  the  disposition  of  his  crops  for  the  purpose  of  guarding  as  much  as 
possible  against  the  depredation  of  these  insects.  Unlike  the  other  groups, 
where  the  exotic  element  is  so  well  marked,  the  foreign  and  native  species 
amongst  our  field-crop  insects  are  more  or  less  equally  balanced. 

One  of  the  great  secrets  in  the  reduction  of  noxious  insects  is  the 
practice  of  clean  farming.  If  it  were  fully  realized  that  crop  refuse  and 
cuttings  and  rank  growths  fringing  fields,  ditches,  and  roadways  are 
excellent  harbours  for  various  noxious  insects  to  tide  over  the  periods 
when  crops  are  not  available  for  them,  these  breeding-grounds  would 
not  be  such  a  familiar  feature  throughout  our  agricultural  districts.  For 
example,  the  moths  of  cutworms  and  army- worms  congregate  amongst 
neglected  growths  of  weeds  and  grass  to  deposit  their  eggs  ;  the  larvae 
hatch  therefrom  and  live  upon  these  plants,  awaiting  the  crop  which 
is  eventually  placed  at  their  disposal,  and  which  they  immediately 
attack. 

Again,  in  crop-rotation  we  have  not  only  an  invaluable  factor  in  con¬ 
serving  the  soil-fertility,  but  also  a  method  of  incalculable  value  in  the 
reduction  of  noxious  insects.  Before  arranging  a  scheme  of  rotation  the 
insect  fauna  should  be  considered,  and  a  selection  made  in  such  a  sequence 
that  no  two  successive  crops  be  closely  related,  thus  breaking  the  con¬ 
tinuity  of  the  food-supply  of  any  noxious  insect  attacking  one  crop  more 
than,  or  to  the  exclusion  of,  others. 

The  advance  of  cultivation  in  a  new  country  such  as  ours  is  responsible 
for  upsetting  the  normal  equilibrium  and  establishing  sudden  and  unnatural 
changes  in  the  environment  affecting  directly  the  various  forms  of  indi¬ 
genous  life,  usually  at  the  expense  of  these  forms  themselves,  but  frequently 
to  the  detriment  of  man’s  economy.  When  the  natural  vegetation  is 
cleared,  for  example,  to  make  way  for  the  plough,  a  great  variety  of  plant- 
life,  the  home  and  food  of  innumerable  insect  forms,  is  destroyed.  These 
insect  inhabitants,  then,  must  either  perish  or  find  new  pastures  ;  some 
doubtless  give  up  the  struggle  where  they  are,  or  are  of  necessity  driven 
back  into  already  fully  stocked  areas  as  yet  untouched  by  cultivation, 
where  the  normal  factors  controlling  the  equilibrium  will  eventually  reduce 
them  ;  but  others,  unfortunately,  owing  to  lack  of  their  natural  food- 
supply,  or  because  they  are  forced  by  the  intensified  struggle  for  existence 
due  to  the  upsetting  influence  of  cultivation,  readily  advance  upon  the 
farmers’  crops,  which  consist  of  a  few  selected  plant  varieties  rendered 
more  succulent  than  their  feral  relatives  by  long  periods  of  intense  domesti¬ 
cation.  Illustrative  of  such  phenomena  are  the  New  Zealand  grass-grubs 
( Odontria  spp.),  the  subterranean  grass -caterpillars  ( Porina  spp.),  the  New 
Zealand  army-worm  ( Melanchra  composita),  the  fig-tree  borer  ( Xylotoles 
grisens),  and  the  apple-skin  moth  ( Cacoecia  excessana) . 
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Factors  encouraging  the  abnormal  development  of  insects  may  be 
brought  about  not  only  by  the  destruction  of  their  natural  habitats,  but 
also  by  the  conservation  of  their  normal  food-supply  and  the  artificial 
extension  of  conditions  favourable  for  their  welfare.  This  is  exemplified 
by  the  development  of  the  areas  of  native  flax  ( Phormium  tenax )  and  the 
resultant  attack  of  the  flax-grub  ( Xanthorhoe  praefectata) ,  an  indigenous 
species.  Formerly  this  insect  confined  itself  to  flax  growing  in  dry  areas, 
but  on  the  swamps  being  drained,  encouraging  a  luxuriant  growth  of  flax 
and  suitable  soil  conditions,  this  pest  developed  accordingly,  causing  exten¬ 
sive  loss  to  the  hemp  industry.  The  approximate  loss  through  the  agency 
of  the  flax-grub,  under  normal  market  conditions,  has  been  computed  to 
exceed  at  times  £120,000  per  annum. 

The  upsetting  influence  of  such  mutations  referred  to  above,  together 
with  the  establishment  of  exotic  pests  under  a  favourable  environment, 
are  responsible  for  the  more  serious  aspect  of  insect  depredations  in  a  new 
country  than  in  the  Old  World.  There  man’s  progress  in  the  development 
of  the  country  has  evolved  so  gradually  over  an  extensive  period  that  the 
environment  has  been  affected  in  proportion  to  the  progress  until  there 
now  exists  what  may  be  termed  a  domestic  equilibrium.  It  may  be 
expected,  therefore,  that  in  New  Zealand,  after  many  generations,  when 
the  conditions  have  recovered  from  the  inroads  of  man,  there  will  evolve 
an  artificial  balance  between  him  and  his  surroundings. 

The  practical  man,  therefore,  should  bear  in  mind  that,  since  he  is 
tampering  with  nature  when  he  opens  up  virgin  territory  for  his  own 
purposes,  unless  he  can  foresee  and  forestall  any  of  the  inevitable  results 
which  may  be  detrimental  to  him,  he  cannot  expect  to  develop  fully  the 
resources  under  his  control  ;  he  should  acquire  as  far  as  possible  a  practical 
knowledge  of  the  insects  affecting  his  products  and  of  the  best  methods 
of  holding  them  within  bounds. 

At  the  present  time  our  working  knowledge  of  the  destructive  insects 
of  New  Zealand  is  comparatively  meagre,  but  the  subject  is  now  being 
taken  up  as  a  special  work,  in  order  that  this  aspect  of  agriculture  may 
be  placed  on  a  sound  footing  and  that  the  necessary  information  may  be 
available  for  practical  purposes.  Doubtless  a  reason  for  our  ignorance  of 
humanistic  entomology  in  New  Zealand  lies  in  the  fact  that  our  entomo¬ 
logists  have  been,  more  or  less,  either  systematists  or  collectors,  with  no 
further  aim  than  the  creation  of  new  species,  the  identifications  of  which, 
from  a  practical  viewpoint,  are  contained  in  an  obscure  maze  of  scientific 
nomenclature,  while  the  humanistic  relationships  of  these  forms  still  lie 
beyond  the  horizon.  To  the  producer  this  purely  systematic,  and  con¬ 
sequently  uninviting,  state  of  our  entomology  is  useless. 

Without  the  applied  entomologist  the  systematist  and  the  collector  are 
of  no  practical  value,  but  a  combination  of  the  three  is  an  invaluable  asset 
in  the  development  of  our  resources.  It  is  necessary  for  an  insect  to  have 
a  name  and  systematic  position  ;  also,  the  applied  entomologist,  being  a 
specialist  in  the  humanistic  problems  of  insect-life,  must  at  times  rely  upon 
the  systematist  for  identifications,  especially  in  the  more  obscure  groups, 
whilst  invaluable  information  upon  the  geographical  distribution  of  insects 
is  the  result  of  the  collector’s  labours. 

Humanistic  entomology  opens  up  an  extensive  field  for  research.  Among 
the  problems  being  taken  up  at  present  are  those  dealing  with  the  ecology 
of  the  indigenous  and  exotic  field-crop  and  orchard  insects.  An  investi¬ 
gation  of  our  mosquitoes  and  other  blood-sucking  forms,  in  relation  to  the 
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health  of  the  community,  is  also  being  carried  out.  Prior  to  this  investiga¬ 
tion,  only  five  species  of  mosquitoes  had  been  recorded  from  the  Dominion, 
one  of  these  being  known  also  in  Australia.  Recent  observations  show 
that  we  have  a  considerable  number  of  forms,  some  of  which  occur  in  other 
parts  of  the  world  ;  this  feature  tends  to  indicate  that  certain  of  these  have 
been  introduced,  and  shows  the  possibility  of  the  yellow-fever  species  ( Stego - 
myia.  fasciata)  or  of  some  of  the  malarial  carriers  (Anophilinae)  becoming 
established,  since  the  conditions  in  the  northern  portion  of  the  Auckland 
district  are  favourable  for  their  welfare.  Of  the  four  factors — the  blood- 
parasite,  man,  certain  Anopheline  mosquitoes,  and  a  favourable  breeding- 
environment— necessary  for  the  spread  of  malaria,  we  have  three,  particu¬ 
larly  in  the  Auckland  district.  These  are,  the  blood-parasite  (in  individuals 
who  have  contracted  malaria  in  other  countries),  man,  and  favourable 
breeding  conditions.  Already  indications  of  the  malarial  forms  have  been 
noticed  in  certain  parts,  a  feature  which  is  being  carefully  investigated^ 
The  return  of  soldiers  suffering  from  malaria  increases  the  chances  of  this 
disease  becoming  established. 

Another  problem  awaiting  the  investigator  is  to  be  found  in  our  aquatic 
insect  fauna  and  its  value  as  nourishment  for  fresh- water  fish.  The  most 
prominent  order  of  insects  in  this  respect  is  the  Neuroptera,  of  which 
about  sixty-five  species  have  been  described  from  the  Dominion,  while  of 
these  some  76  per  cent,  are  aquatic.  In  his  work,  New  Zealand  Neuroptera, 
G.  V.  Hudson  has  published  some  valuable  information  about  their  habits. 
An  examination  of  the  stomach  contents  of  sixty  trout  showed  a  total  of 
5,494  insects,  of  which  about  87  per  cent,  were  Neuroptera. 

As  time  goes  on,  new  phases  of  entomology  will  continually  present 
themselves  ;  for  example,  forest  entomology  will  probably  be  an  important 
aspect  of  the  subject  in  the  future,  for  when  the  areas  now  being  placed 
under  exotic  timbers  become  more  extensive  the  danger  of  insect-depredation 
will  correspondingly  increase.  Those  insects  most  liable  to  attack  standing 
timbers  are  well  represented  in  the  indigenous  fauna.  The  beetles  are 
perhaps  the  most  prominent  in  this  respect,  and  we  have  in  New  Zealand, 
if  we  can  rely  upon  the  records,  some  920  species  of  timber-boring  forms 
and  some  eighty  leaf-eaters.  The  larvae  of  moths  are  also  an  important 
feature,  since  their  depredations  at  times  may  be  responsible  for  the  defolia¬ 
tion  of  the  trees.  On  the  other  hand,  every  available  method  should  be 
adopted  to  guard  against  the  establishment  of  any  exotic  forms,  some  of 
which  have  already  reached  our  shores,  but,  as  yet  are  not  sufficiently 
plentiful  to  cause  any  serious  loss. 

For  the  benefit  of  those  whose  interests  are  at  all  influenced  by  insect 
problems  an  endeavour  is  being  made  to  compile  a  work  dealing  with  such 
destructive  insects  as  occur  in  New  Zealand,  and  with  the  best  methods  of 
control.  Such  a  work,  however,  based  of  necessity  upon  the  information  at 
present  available,  will  be  merely  of  a  temporary  nature,  the  forerunner  of  a 
more  complete  and  detailed  publication  resulting  from  extended  research. 

In  order  to  carry  out  this  undertaking  successfully,  not  only  will  the 
co-operation  of  the  farming  community  be  necessary,  but  also  more  investi¬ 
gators  will  have  to  enter  the  field,  which  is  as  yet  practically  untouched. 
This  field,  being  so  closely  interwoven  with  out  natural  resources,  calls  for 
the  ablest  workers,  since  it  is  from  the  results  of  accurate  investigation 
only  that  the  factors  controlling  the  influences  detrimental  or  beneficial  to 
man  can  be  adjusted  to  suit  his  interests,  and  from  which  practical  lessons 
may  be  drawn  for  demonstrating  to  him  his  responsibilities. 

21 — Science. 
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Descriptions  of  New  Zealand  Lepidoptera,  by  L.  Meyrick. 

(This  paper  will  apper  in  the  Transactions.) 

Notes  on  the  Autecology  of  certain  Plants  of  the  Peridotite  Belt,  Nelson, 

by  Miss  M.  W.  Betts. 

(This  paper  will  appear  in  the  Transactions.) 

A  History  of  Hagley  Park,  Christchurch,  with  Special  Reference  to  its 
Botany,  by  Miss  E.  M.  Herriott. 

(This  paper  will  appear  in  the  Transactions.) 

On  the  Seedling  Form  of  the  Coral-shrufe  ( Helichrysum  coralloides 
(Hook,  f.)  Benth.  &  Hook.  L),  by  L.  Cockayne. 

1.  General. 

The  coral-shrub  ( Helichysum  coralloides)  is  one  of  those  rather  peculiar 
plants  the  shoots  of  which  resemble  certain  conifers  in  that  the  leaves  are 
small  scale-like  bodies  which  are  pressed  most  closely  to  the  stem.  It 
does  not  stand  by  itself  apart  from  all  other  species  of  that  section 
(Ozothamnus)  of  the  genus  to  which  it  belongs,  but  forms  one  of  a  series 
of  three  species  mainly  to  be  distinguished  from  one  another  by  the 
thickness  of  their  stems  including  the  appressed  leaves  in  the  measure¬ 
ment.  In  this  series  Helichrysum  microphyllum  has  easily  the  slenderest 
shoots  and  H.  coralloides  the  stoutest,  while  H.  Selago — an  aggregate 
species — intergrades  in  its  various  forms  between  the  two. 

So  far,  nothing  has  been  published  regarding  the  seedlings  of  any  of 
the  above  species  ;  but  it  might  have  been  confidently  expected  that 
they  would  possess,  for  some  time  at  any  rate,  true  leaves  somewhat  like 
those  of  their  ally,  Helichrysum  depressum,  the  seedling  form  of  which  was 
described  by  me  in  1899.*  So,  too,  would  the  analogous  form  of  the 
shoots  of  the  whipcord  veronicas,  the  seedlings  of  which  are  now  fairly 
well  known,  suggest  that  those  of  the  coral-shrub  would  be  of  an  ordinary 
type.  Notwithstanding  this  expectation,  so  greatly  did  the  seedling  of 
H.  coralloides  differ  in  appearance  from  the  adult  growing  close  by  when 
first  I  found  it  on  the  17th  October,  1918,  that  for  some  time  I  was  puzzled, 
and  thought  that  an  undescribed  species  of  a  composite  had  come  to  hanj. 
But  my  second  thoughts,  that  the  long-desired  seedling  had  come  to  light 
at  last,  were  soon  placed  beyond  doubt,  for  the  same  day  adult  plants  were 
met  with  bearing  shoots  of  a  seedling  character. 

(2.)  Distribution  and  Epharmonic  Capabilities  of  the  Coral-shrub. 

T.  Kirk  when  dealing  with  Helichysum  coralloides  in  the  Students'  Flora 
wrotef  :  “  One  of  the  most  remarkable  plants  in  the  flora,  and  one  of  the 
rarest.  I  made  careful  search  for  the  plant  in  various  parts  of  the  district 
[Marlborough]  but  only  found  it  in  a  single  station,  which  is  doubtless  the 
place  where  it  was  first  discovered.”  Cheeseman  also  records  only  five 
stations  in  the  Manual,  J  three  of  which  are  the  same  as  those  cited  by 
Kirk.  It  seems  necessary,  then,  to  say  something  as  to  the  distribution 


*  Trans.  N.Z.  Inst.,  vol.  31,  pp.  370-71. 
t  1899,  p.  313. 

t.  p.  344.  The  “  Source  of  the  Conway  River  ”  station  given,  on  my  authority,  by 
Cheeseman  in  the  Appendix  to  the  Manual,  p.  1142,  is  virtually  the  same  as  the  “  Palmer 
River  ”  station  cited  in  the  body  of  the  work,  p.  344. 
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of  the  plant  under  consideration,  not  neglecting  such  details  concerning  its 
habitat  as  allow  a  comparison  between  seedling  and  adult  forms  on  an 
ecological  basis. 

The  species  is  confined  to  the  North-eastern  Botanical  District,  but  it 
does  not  extend  throughout,  being  apparently  restricted  to  the  valleys 
and  mountain-slopes  of  the  rivers  Clarence,  Awatere,  Wairau,  and  their 
tributaries,  but  more  especially  to  the  two  first-named  river-basins.  In 
these  two  localities,  when  one  has  reached  an  altitude  of  about  2,700  ft., 
the  plant  may  be  found  in  considerable  quantity  in  rocky  places,  both  in 
gorges  and  narrow  valleys.  It  also  occurs  on  mountain-slopes,  but  at  a 
much  higher  altitude.  Personally,  I  have  not  found  it  growing  at  above 
5,000  ft.  altitude,  but  it  is  almost  certain  to  ascend  far  higher,  since,  as 
will  be  seen,  its  epharmonic  capabilities  are  considerable.  In  its  company 
there  may  grow,  especially  in  river- valleys  at  from  3,000  ft.  to  4,000  ft. 
altitude,  several  of  the  xerophytes  peculiar  to  the  botanical  district — e.g., 
Helichrysum  Sinclairii,  H.  Fowerakeri,  Olearia  insignis,  and  particularly 
Senecio  Monroi.  Other  species  of  much  wider  range  come  into  this 
interesting  rock  association — e.g.,  Aciphylla  squarrosa  (a  very  large  variety), 
Festuca  novae-zelandiae,  Helichrysum  microphyllum,  Phormium  Colensoi, 
Poa  Colensoi  var.,  Veronica  Raoulii,  and  V.  Traversii.  On  wind-swept, 
sun-scorched,  subalpine  rocks  of  the  open  mountain-side  the  species  which 
accompany  H.  coralloides  are  H.  microphyllum,  H.  Selago,  Hymenanthera 
dentata  var.  alpina,  Pimelea  Traversii,  Raoulia  bryoides,  and  Veronica 
epacridea.  As  for  the  growing-place  of  the  coral-shrub,  it  is  essentially  a 
rock-crevice  plant  which,  as  seen  above,  grows  both  on  extremely  dry 
rocks  and  on  those  which,  being  shaded,  are  moister.  Notwithstanding  its 
rock  habitat,  its  long  roots  penetrating  deeply  into  the  rock  must  furnish 
it  with  a  fair  amount  of  water. 

The  climatic  conditions  of  its  environment  are  reflected  in  its  growth- 
forms.  Thus,  obviously,  it  has  no  “  normal  ”  growth-form— not  an  unusual 
circumstance  amongst  plants,  but  a  fact  generally  neglected  by  writers  on 
organic  evolution. 

When  growing  on  subalpine  dry  rocks  on  a  mountain-side  in  a  position 
exposed  to  the  full  force  of  the  frequent  gales,  and  where  the  direct  rays 
of  the  sun  strike  and  are  moreover  reflected  from  the  rock,  it  forms  a  fairly 
dense,  rigid  cushion,  which  in  the  case  of  one  photographed  by  me  was 
46  cm.  high  by  33  cm.  diameter,  whereas  in  an  otherwise  similar  situation 
but  exposed  to  less  wind  it  is  a  small  erect  shrub  of  open  habit  perhaps 
39  cm.  high  by  25  cm.  through.  Growing  on  rocks  on  the  shady  side  of  a 
river-groge — of  which  there  are  many  such  stations  in  the  Inland  Kaikoura 
Mountains — the  plant  will  be  a  still  more  open  shrub,  60-90  cm.  high,  and 
perhaps  90  cm.  through,  with  long,  spreading  branches,  the  lowermost  of 
which  droop  downwards  from  the  rock. 

The  shoots  consist  of  a  very  slender  quite  glabrous  thin  stem,  against 
which  the  scale-like  leaves  are  most  closely  pressed.  These  stem-like 
shoots  consist  mostly  of  the  appressed  leaves  ;  they  are  cylindrical  in  form 
and  up  to  8  mm.  diameter.  The  leaves  are  oblong,  obtuse,  and  4  mm. 
long.  The  upper  (inner)  surface  is  concave,  and  covered  densely  with  a 
tomentum  of  rather  silky  white  hairs  ;  the  under  (outer)  surface  is  convex, 
glabrous,  pale  and  membranous  for  more  than  half  its  length,  but  its 
apical  half  is  thick,  hard,  horny,  and  of  a  glossy,  rather  dark-green  colour. 
The  spaces  between  the  appressed  leaves  are  filled  with  the  entangled 
white  silky  hairs  extending  from  the  inner  surfaces  of  adjacent  leaves,  but 
none  arise  from  the  slender  stem  itself.  Rising  out  of  this  white  tomentum, 
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as  if  embedded  in  it,  are  the  numerous  thickened  apical  surfaces  of  the 
leaves,  resembling  glossy  green  tubercles.  The  size  of  these  tubercles  and 
the  amount  of  white  tomentum  between  them  differ  considerably  in 
different  individuals,  so  that  some  plants  look  much  greener  than  others. 
Generally  the  green  part  of  the  leaves  forms  less  than  half  the  surface  of 
the  cylindrical  stem-like  shoot. 

Lazniewski  in  1896*  described  the  anatomy  of  the  leaves  of  Helichyrsum 
coralloides  from  specimens  furnished  by  myself  but  wrongly  identified  by 
me  as  H.  Selago,  under  which  name  the  results  were  unfortunately 
published.  The  following  are  the  main  features  of  the  anatomy  of  the 
tubercles.  There  is  a  thick  and  shining  cuticle,  beneath  which  is  a  layer 
of  epidermal  cells  with  extremely  thick  outer  walls  ;  then  there  is  one 
layer  of  rather  short  palisade  cells,  and  then  spongy  parenchyma. 
Stomata  occur  only  on  the  inner  surface  of  the  leaves.  The  author 
points  out  how  this  structure  of  the  leaf  reduces  transpiration  on  the  one 
hand,  and  on  the  other  favours  photosynthesis. 

3.  The  Seedling  Form  and  its  Environment. 

The  foregoing  account  of  the  adult  forms  of  Helichrysum  coralloides 
and  their  environment  has  paved  the  way  towards  a  proper  understanding 
of  the  seedling. 

Only  one  seedling  was  seen.  It  was  8  cm.  high.  The  main  stem 
was  straight,  unbranched  for  its  upper  3-7  cm.,  but  from  near  its  base 
eleven  short  branches  were  given  off.  The  root  was  stout,  woody,  and, 
judging  from  the  broken  portion,  not  less  than  7-5  cm.  long.  The  whole 
plant,  as  may  be  seen  from  the  figure,  was  densely  leafy  with  white 
woolly  leaves  sheathing  at  the  base,  but  in  the  early  leaves  with  the 
blade  spread  out.  There  was  no  hint  from  any  of  these  early  leaves  of 
the  remarkable  adult  leaf-form. 

The  fully  developed  leaves  of  the  main  stem  were  broadly  spathulate, 
about  12  mm.  long  and  7-5  mm.  broad,  densely  covered  on  both  surfaces 
with  long  white  entangled  silky  hairs  with  the  green  of  the  leaf  showing 
faintly,  flat  or  more  or  less  concave,  obtuse,  entire. 

On  the  younger  stems  the  leaves  were  much  smaller,  imbricating,  and 
much  less  hairy  on  the  upper  portion  of  the  under-surface,  which  also  was 
distinctly  green.  Here  was  a  hint  at  the  ultimate  character  of  the  leaf, 
while  on  the  short  stems,  seen  in  the  figure,  near  the  middle  of  the  seedling 
leaves,  is  a  stronger  hint  still  of  the  eventual  tubercle. 

The  seedling  grew  in  a  rock-crevice  on  the  shady  side  of  the  gorge  of 
the  River  Yeo,  which  rises  in  the  Turk’s  Head  Mountain  (Inland  Kaikoura 
Mountains),  at  an  altitude  of  about  3,200  ft.  On  such  shady  rocks  were 
many  examples  of  the  shrub.  Owing  to  its  comparatively  small  size  the 
seedling  is  less  exposed  to  wind  and  in  a  better  position  regarding  moisture 
when  the  rock  is  wet  than  is  the  adult.  It  can  therefore  easily  afford  to 
possess,  as  it  does,  a  considerably  less  xerophytic  form.  Nor  does  the 
adult  growing  in  such  a  shady  gorge  need  anything  like  the  xerophytic 
structure  necessary  to  permit  it  to  occupy  wind-swept  dry  subalpine  rocks. 
Indeed,  epharmonically,  it  does  assume  a  less  xerophytic  form  in  its  greater 
stature,  more  open  habit,  longer  and  less  rigid  branches  which  droop  more 
or  less.  Generally,  too,  its  companion  plants  are  much  less  xerophytic  still. 

Looking  at  the  seedling  in  the  figure,  its  resemblance  to  Haastia  Sin- 
clairii  is  rather  striking.  The  latter  is  a  plant  of  subalpine  and  alpine 


*  Beitrago  zur  Biologie  der  Alpenpflanzen,  Flora,  Bd.  82,  pp.  11-13. 
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[E.  Bruce  Levy,  photo. 

On  left  adult  shoot  of  Helichrysum  coralloides  (the  coral -shrub)  and  on  right 
the  seedling.  Both  a  shade  over  life-size. 
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shingle-Slips  where  the  climate  is  wet.  Haastia  pulvinaris,  however,  is 
an  intense  xerophyte  of  cushion  form  which  grows  in  extreme  xerophytic 
alpine  stations.  But  the  difference  between  these  two  species  of  Haastia 
is  no  more  marked  than  those  between  juvenile  and  adult  Helichrysum 
coralloides ;  indeed,  the  two  cases  are  fairly  parallel.  Were  the  here¬ 
ditary  tendency  in  the  juvenile  coral-shrub  to  become  considerably 
reduced,  there  is  no  reason  why  it  could  not  well  hold  its  own  on  shady 
rocks  ;  indeed,  its  autecological  status  is  apparently  equivalent  to  that 
of  the  associated  Helichrysum  Sinclairii,  an  erect  semi-woody  plant  with 
woolly  spreading  flat  leaves.  In  certain  New  Zealand  plants — e.g.,  Aristo- 
telia  fruticosa,  Dacrydium  laxifolium,  Pittosporum  divaricatum,  and  Ruhus 
cissoides,  to  mention  a  few — heredity  plays  a  weaker  part,  and,  given  a 
suitable  environment,  the  juvenile  form  (a  distinct  species  to  all  intents 
and  purposes)  can  persist  for  the  lifetime  of  the  individual.  Helichrysum 
coralloides  supplies,  however,  an  example  of  greater  fixity.  But  such 
stability  in  plants  generally  is  merely  a  matter  of  degree  after  all,  and, 
if  evolutionary  change  is  a  fact,  this  stability  should  increase  or  decrease 
in  process  of  time. 

Some  Geological  Inferences  from  the  Distribution  of  Ranunculus 
paucifolius,  by  A.  Wall. 

Press  Notice  ( Lyttelton  Times). 

Professor  Wall  read  a  paper  on  “  Some  Geological  Inferences  from  the  Distribution 
of  Ranunculus  paucifoliusA  He  said  that  the  main  paper,  of  which  that  formed  a 
part,  described  a  small  limestone  basin  at  Castle  Hill,  the  locality  of  the  rare  Ranunculus 
paucifolius,  and  the  plant  associations  of  that  locality.  The  relation  of  that  plant  to 
Ranunculus  chordorhizos  and  its  status  were  also  dealt  with.  An  attempt  was  made 
to  reconstruct  the  past  from  the  point  of  view  of  the  probable  history  of  the  Ranunculus 
and  its  limestone  associates,  and  the  bearing  of  that  history  upon  the  mutation  theory 
of  de  Vries  was  tentatively  considered.  The  present  paper  was  confined  to  the 
description  of  the  locality,  the  distribution  of  the  plant  within  that  locality,  the  con¬ 
ditions  under  which  the  plant  grew  and  had  presumably  grown  in  the  past,  an  account 
of  the'  association  to  which  it  belonged,  and  the  geological  problems  which  its  history 
suggested. 

The  author  considered  it  impossible  that  the  plant  should  have  originated  and 
maintained  itself  for  countless  ages  within  its  present  limits,  and  inferred  the  existence 
in  the  past  of  far  more  extensive  Tertiary  limestone  strata  than  those  now  remaining, 
thus  supporting  the  view  independently  arrived  at  by  Mr.  R.  Speight.  He  inferred 
from  the  xerophytic  character  of  the  Ranunculus  and  its  associates  that  a  steppe 
climate  must  have  obtained  here  for  ages,  thus  supporting  the  views  of  Dr.  Cockayne 
and  others.  He  could  not  agree  with  Haast,  Hutton,  and  others  that  the  flora  of  this 
whole  district  had  been  once  completely  destroyed  by  glacial  action,  fleeing  to  a  now 
non-existent  land  and  returning  later.  He  considered  the  conflicting  views  as  to  the 
probable  period  of  the  glaciation  and  concomitant  or  subsequent  “  steepe  climate  ”  and 
the  action  of  glacier  in  this  particular  area,  and  concluded  with  a  general  description  of 
the  country  as  he  supposed  it  to  have  been  at  the  time  when  that  plant  originated  or 
acquired  its  present  peculiar  characters. 


Convergent  Evolution  in  the  Crustacea,  by  C.  Chilton. 

New  Zealand  Fisheries  and  their  Future  Development,  by  the  Hon. 
G.  M.  Thomson. 

Press  Notice  ( The  Press). 

The  Hon.  G.  M.  Thomson  spoke  on  the  fisheries  of  New  Zealand,  chiefly  from  a 
biological  point  of  view.  He  deplored  the  fact  that  the  'knowledge  of  New  Zealand 
fish  was  as  yet  of  a  rather  meagre  character,  especially  with  regard  to  the  migrations 
of  various  kinds  of  fishes,  large  and  small.  It  was  one  of  the  difficulties  of  the  fishing 
trade  that  the  migrations  cf  the  fish  were  so  erratic  and  so  unknown.  With  the  idea 
of  trying  to  find  out  something  about  these  migrations,  the  Government  station  at 
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Portobello  had  decided  to  start  with  the  common  sole  and  liberate  a  large  number  of 
marked  fish.  Referring  to  the  liberation  of  turbot,  it  was  hoped — with  luck — to 
observe  some  result  in  about  seven  years.  The  liberation  of  English  crabs  and  lobsters 
had  been  carried  out,  but  so  far  no  results  had  been  observed. 

Plant-breeding  Methods  and  some  Results,  by  F.  W.  Hilgendorf. 

Press  Notice  (Lyttelton  Times). 

Dr.  E.  W.  Hilgendorf  read  a  paper  on  plant -breeding,  the  methods  followed,  and 
some  of  the  results.  The  paper  gave  a  general  basis  for  the  system  most  likely  to  afford 
satisfactory  results  in  the  breeding  of  self-fertilized  plants,  such  as  wheat  and  oats. 
The  theories  of  heredity  propounded  by  Darwin,  Gaiton,  de  Vries,  Weismann,  Johansen, 
and  Mendel  were  contrasted,  and  those  parts  of  Weismann’s  theory  which  postulated 
the  improbability  of  variation  in  the  offspring  of  animals  and  plants  developing  without 
a  paternal  parent  were  adopted  by  the  author.  The  theory  was  extended  to  embrace 
the  usual  non- variability  of  self-fertilized  plants,  and  a  large  number  of  experiments 
from  all  over  the  world  were  quoted  to  show  that  there  had  been  no  result  from 
selecting  among  plants  that  were  all  descended  from  a  single  seed  of  a  self-fertilized 
plant.  For  instance,  the  tallest  plants  descended  from  a  single  grain  of  wheat  were 
selected  out  each  year  for  thirteen  years.  The  average  height  of  the  offspring  during 
the  first  five  years  was  2'67  ft.,  and  during  the  last  five  years  2\34  ft.  In  the  case  of 
College  Hunter’s,  which  was  bred  up  from  a  single  seed  selected  at  Lincoln  College  in 
1910,  and  whose  offspring  now  covered  thousands  of  acres  in  Canterbury,  no  single 
case  of  hereditary  variation  had  been  found.  The  only  case  tending  to  display  variation 
within  a  pure  line  was  that  of  the  Australian  wheat  called  Federation  ;  but  here  the 
experimenters  were  dealing  with  a  wheat  that  was  certainly  crossbred,  and  not  with  a 
pure  line  at  all. 

The  author  concluded  that,  though  variation  in  a  pure  line  must  certainly  occur 
by  mutation,  such  occurrences  must  be  too  rare  to  form  a  basis  for  practical  improve¬ 
ments  in  plants,  and  stated  that  the  object  of  his  paper  was  to  discourage  any  attempts 
in  that  direction.  Such  work  was  based  on  the  false  analogy  of  animal- breeding, 
which  must  depend  on  cumulative  selection,  because  of  the  bi-parental  origin  of  the 
offspring. 

The  second  part  of  the  paper  consisted  in  the  display  of  some  results  obtained 
at  Lincoln  College  in  the  improvement  of  the  common  Canterbury  wheats ;  increased 
yields  had  been  obtained  from  pure  strains  of  Hunter’s,  Solid-straw  Tuscan,  Purple  - 
straw  Tuscan,  and  true  Pearl,  and  the  progeny  of  all  of  those  was  now  being  grown 
on  Canterbury  farms  with  generally  satisfactory  results. 

The  Control  of  Succession  in  Surface-sown  Grassland,  by  A.  H.  Cockayne. 

Press  Notice  (The  Press). 

Mr.  A.  H.  Cockayne  read  a  paper,  which  was  illustrated  by  an  interesting  series 
of  lantern-slides,  on  “  The  Control  of  Succession  on  Grasslands,”  which  he  characterized 
as  one  of  the  most  important  of  our  pasture  problems.  Over  large  areas  of  the  surface - 
sown  grassland  of  the  North  Island  great  changes  in  the  composition  of  the  vegetation 
occurred  before  a  state  of  equilibrium  obtained,  and  in  many  cases  the  transitional 
successions  might  be  of  grave  objection.  The  methods  adopted  for  the  avoidance  of 
these  objectionable  successions  were  not  always  successful,  as  many  thousands  of  ruined 
bush  burns  could  testify.  Whether  the  main  cause  of  the  failures  to  direct  successions 
along  the  lines  productive  of  permanently  profitable  grassland  lay  in  errors  of  seeding 
or  errors  of  management  was  a  matter  requiring  the  most  careful  investigation  and 
study. 


Compatibility  of  Spraying-mixtures,  by  W.  C.  Morris. 

(This  paper  will  appear  in  the  N.Z.  Journal  of  Agriculture.) 

Nitrification  in  Relation  to  the  Calcium-carbonate  Content  of  Canter¬ 
bury  Plains  Soils,  by  L.  J.  Wild. 

Abstract. 

The  work  necessary  to  the  completion  of  this  paper  was  interrupted  at  a 
critical  time  by  an  attack  of  pneumonic  influenza.  The  problem  may  be 
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briefly  stated  as  follows  :  It  is  generally  accepted  that  a  good  supply  of 
calcium  carbonate  is  necessary  in  the  soil  for  the  efficient  carrying-on  of  the 
process  of  nitrification,  though  it  is  difficult  to  say  in  quantitative  terms 
exactly  what  amount  constitutes  a  sufficiency.  Analyses,  of  which  the 
results  are  as  yet  unpublished,  show  that  the  quantity  of  carbonate  of 
lime  in  Canterbury  Plains  soils  is  small — from  0’1  to  0'2  per  cent. — and 
yet  nitrification  apparently  proceeds  at  a  satisfactory  rate,  since,  so  far 
as  we  know,  ordinary  crops  are  not  markedly  benefited  by  supplies  of 
nitrogenous  fertilizers.  This  research  aims  at  determining  the  effect  on  the 
rate  of  nitrification  produced  by  adding  varying  quantities  of  carbonate 
of  lime  to  typical  soils. 

Cold  Storage  of  Fruit,  by  E.  G.  Loten  and  W.  C.  Morris. 

(This  paper  appeared  in  the  N.Z.  Fruitgrower  for  April.) 

Agriculture’s  Debt  to  Science,  by  Sir  James  Wilson. 

Abstract. 

The  author  considers  the  term  “  scientific  agriculture  ”  a  most  unfor¬ 
tunate  phrase,  not  only  because  it  is  a  misnomer,  but  for  the  reason  that 
the  man  who  calls  himself  a  “  practical  ”  farmer  does  not  believe  in 
science.  Farming  is  constantly  changing  and  widening  its  scope.  If  the 
inventor  and  the  implement-maker  could  be  classed  as  scientists,  and  a 
chronological  list  were  drawn  up  from  the  time  of  the  first  breast -plough 
pushed  by  the  husbandman  to  the  time  when  huge  areas  of  prairie  have 
been  cultivated  by  means  of  steam  or  the  internal-combustion  engine,  it 
would  stand  out  that  year  by  year  some  improvement  had  taken  place  which 
had  gradually  cheapened  the  cost  of  production  and  increased  the  output. 
In  New  Zealand  the  growth  of  fodder  crops  would  be  impossible,  under 
present  conditions,  were  it  not  that  the  implement-maker  has  provided 
drills  which  sow  the  seed  with  almost  mathematical  accuracy.  Over 
climate  there  is,  as  yet,  no  control,  but  science  has  shown  how  to  minimize 
evaporation  by  various  methods  based  on  scientific  principles. 

Specific  examples  are  given  of  important  advances  in  farming  brought 
about  by  non -farmers.  Thus,  Jethro  Tull,  a  lawyer,  in  the  year  1800 
showed  the  great  advantage  of  tilling  wheat;  James  Smith,  of  Deanston, 
by  improved  drainage  enabled  intractable  land  to  be  reduced  to  a  tilth  ; 
Eaunce  de  Laune,  a  London  business  man,  showed  farmers  the  folly  of 
buying  grass  mixtures  instead  of  seeds  of  various  grasses  guaranteed  as 
to  purity  and  germination,  and  mixing  them  for  themselves  ;  the  threshing- 
machine,  replacing  the  flail,  was  the  work  of  a  clergyman. 

But  the  greatest  advance  of  all  may  be  traced  to  the  chemist.  The 
secrets  of  the  soil  were  a  closed  book  until  the  chemist  unravelled  them. 
Here  comes  in  the  work  of  Liebig,  who  renovated  depleted  soils  by  means  of 
bones,  thus  saving  the  cheesemakers  of  Cheshire  from  a  serious  position. 

The  work  of  Pasteur  and  its  supreme  benefit  to  the  New  Zealand 
dairy-farmer  is  referred  to,  as  well  as  its  having  revolutionized  medical 
and  surgical  science.  Also,  the  effect  of  leguminous  crops  on  the  soil  is 
pointed  out,  the  reason  for  their  value  being  the  researches  of  a  French 
chemist,  Georges  VilleP 

Coming  to  New  Zealand  agriculture,  the  author  points  out  the 
assistance  farmers  have  received  from  the  scientific  (pure  and  applied) 
branches  of  the  Department  of  Agriculture,  and  he  stresses  the  importance 
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of  education  in  agriculture,  concluding  thus  :  “It  has  always  remained  a 
scandal  to  our  rulers  that  those  connected  with  our  greatest  industry  have 
not  been  catered  for  as  we  have  a  right  to  expect.  Money  spent  in  this 
way  would  be  a  most  profitable  investment  to  New  Zealand.” 

Further  examples  of  the  direct  value  of  science  to  farming  are  cited — 
e.g.,  the  work  of  the  travelling  botanist  ;  Babcock’s  invention  of  the  milk 
and  cream  tester  ;  the  use  of  isolated  chambers  in  ships,  and  the  cold-air 
process  (the  latter,  the  author  declares,  marks  an  epoch  in  our  history)  ; 
plant-breeding,  with  which  the  name  of  Dr.  Hilgendorf  is  associated. 

The  paper  concludes  with  a  discussion  of  certain  matters  which  at  the 
present  time  demand  investigation  in  this  country.  The  following  are 
specially  referred  to  :  An  investigation  of  bush  sickness  ;  a  soil  survey 
(“  I  hope  the  Congress  will  pass  a  strong  resolution  in  favour  of  it,  to 
awake  from  their  slumbers  those  in  authority  ”)  ;  plant-breeding;  the  ever¬ 
lasting  study,  which  must  never  be  forgotten,  called  by  Dr.  Cockayne 
“  the  relation  of  the  plant  to  the  soil  ”  ;  the  improvement  of  the  pastoral 
runs  of  the  South  Island  ;  cheap  and  efficient  power  on  the  farm. 

The  author  conclud'es  :  “  It  is  the  duty  of  the  State  to  provide  education 
for  such  teachers,  and  trained  teachers  for  the  farming  community ;  but  this 
is  a  subject  of  itself  which  I  dare  not  touch  upon.  It  is  an  extraordinary 
fact  that  every  profession  and  most  trades  have  the  assistance  of  educational 
institutions,  while  the  oldest  and  most  important  of  all  occupations  is 
largely  left  alone  to  grope  in  the  dark,  and  farmers  have  to  find  out  for 
themselves  elementary  facts  with  which  they  should  be  familiar  when  they 
begin  their  life’s  work.  The  worker  equally  with  his  employer  on  the 
land  will  gain,  for  a  trained  man  capable  of  cheapening  production'  must 
necessarily  be  a  well-paid  man,  and  brains  and  education  must  be  paid 
for  commensurate  to  their  value.  The  New  Zealand  Institute  has  done 
much  for  science  in  our  Dominion,  and  I  look  forward  with  confidence  to 
the  time  when  it  will  lead  the  way  and  show  that  practice  and  science  must 
go  together  to  increase  production,  and  create  wealth,  to  benefit  the 
Dominion  as  well  as  the  farmer  and  his  employee.” 


Section  2. — Geology. 

The  Older  Gravels  of  North  Canterbury,  by  R.  Speight. 

(This  paper  will  appear  in  the  Transactions.) 

Geological  and  Palaeontological  Notes  on  the  Palliser  Bay  District,  by 
J.  Allan  Thomson. 

Abstract. 

The  Wairarapa  limestone,  of  Waitotaran  age,  which  McKay  describes  as 
present  on  the  eastern  side  of  the  Wairarapa  depression  from  Cape  Kidnap¬ 
pers  south  to  Martinborough,  does  not  continue  to  Palliser  Bay.  The  pro¬ 
bable  explanation  is  that  the  Haurangi  Mountains,  consisting  of  greywackes 
and  argillites,  represent  a  block  uplifted  along  a  nearly  north-south  fault  on 
their  east  side,  and  that  the  continuation  of  the  limestone  will  be  found 
in  the  fault-angle  to  the  east.  In  the  Ruakokopatuna  Valley,  near  McLeod’s 
station,  along  part  of  which  the  fault  runs,  the  western  side  is  formed  by 
greywackes  and  argillites,  but  the  eastern  by  Wairarapa  limestone  separated 
from  the  underlying  greywacke  by  a  thin  bed  of  greensand.  This  is  the  first 
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known  glauconitic  horizon  in  the  Waitotaran,  and,  as  was  expected,  it 
yielded  new  species  of  brachiopods — viz.,  Neothyris  sp.  and  Terebratulina  sp. 

The  mudstones  forming  the  cliffs  on  the  north-west  corner  of  Palliser 
Bay  rest  on  a  thin  bed  of  gritty  sandstone  containing  Terehratella  neo- 
zelandica  and  Hemithyris  antipodum,  and  this  in  turn  rests  unconformably 
on  greywackes.  The  lowest  layers  of  the  mudstone  contain  numerous  fossil 
mollusca,  of  Oamaruian  and  probably  Awamoan  age,  including  a  form 
resembling  Struthiolaria  tuberculata,  but  distinguished  by  an  enormously 
swollen  inner  lip.  Mudstones  considerably  higher  up  in  the  succession  con¬ 
tain  a  Waitotaran  fauna,  with  such  species  as  Verconella  orbita  (Hutt.), 
Cominella  purcliasi  Suter,  and  Pecten  delicatulus  Hutt.  The  succeeding 
sandy  and  gravelly  beds  at  the  mouth  of  the  Ruamahunga  River  yield 
mostly  Recent  species,  including  Pecten  delicatulus. 

The  nature  of  the  beds  and  the  succession  of  the  fossil  faunas  in  the 
Palliser  Bay  district  show  a  close  parallelism  with  those  of  the  Awatere 
series  in  Marlborough,  and  evidently  belong  to  the  same  diastrophic  sub¬ 
district,  characterized  by  a  marine  transgression  commencing  near  the  close 
of  the  Oamaruian  and  extending  throughout  the  Waitotaran,  and  affecting- 
areas  of  pre-Notocene  rocks  not  submerged  during  the  lower  Notocene 
transgressions. 

Specimens  of  Pecten  delicatulus  showing  clearly  the  ornament  of  both 
valves  were  obtained  both  from  Palliser  Bay  and  from  mudstones  inter¬ 
calated  in  the  Wairarapa  limestone  at  Twaite’s  cutting,  near  Martinborough. 
These  show  that  the  assumption  of  Hutton,  which  was  accepted  by  Suter, 
that  Pecten  difluxus  is  a  synonym  of  Pecten  delicatulus  cannot  be  upheld, 
and  the  former  must  therefore  be  regarded  a  valid  species.  There  is  a  Recent 
specimen  in  the  Dominion  Museum,  labelled  “New  Zealand/’  which  appears 
to  be  Pecten  delicatulus. 

The  Significant  Features  of  Reef-bordered  Coasts,  by  W.  M.  Davis 

(communicated  by  W.  N.  Benson). 

(This  paper  will  appear  in  the  Transactions.) 

Rough  Ridge,  Otago,  and  its  Splintered  Fault-scarp,  by  C.  A.  Cotton. 

(This  paper  will  appear  in  the  Transactions.) 

Geography  :  Some  Educational  Aspects  of  the  Subject,  by  E.  K.  Lomas. 

Education,  from  one  point  of  view,  consists  in  bringing  a  mind  into 
close  touch  with  its  environment  through  the  senses.  The  more  often  the 
mind  is  roused  to  activity  by  excitations  from  the  outside,  the  more  it 
develops.  The  special  section  of  the  environment  in  which  we  are  par¬ 
ticularly  interested — I  speak  to  a  meeting  of  geologists — is  that  included 
under  the  term  “  geology  ”  ;  and  the  only  means  we  have  of  introducing 
our  subject  into  the  schools  is  through  the  medium  of  geography,  so  that 
this. subject  should  be  an  object  of  lively  interest  to  all  present.  And  there 
is  no  doubt  about  it,  we  shall  have  to  take  more  interest  in  the  subject, 
for  several  reasons — (1)  because  the  subject  itself  is  developing  rapidly 
and  becoming  more  definite,  more  full  of  content,  more  logical  in  arrange¬ 
ment  ;  -(2)  because  it  is  an  eminently  suitable  subject  for  educational 
purposes  ;  and  (3)  because  the  amount  of  inaccurate  knowledge  prevalent 
in  the  community  regarding  certain  aspects  of  it  is  truly  alarming  and 
deplorable.  For  instance,  the  following  are  examples  of  the  kind  of  informa¬ 
tion  possessed  by  pupils  that  have  had  two  years’  instruction  in  schools 
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beyond  the  highest  standard  of  the  primary  schools,  and  have  had,  pre¬ 
sumably,  instruction  in  geography :  “A  mariner’s  compass  is  used  to 
determine  latitude  and  longitude.”  “  A  number  of  extinct  volcanoes  are 
present  in  the  Southern  Alps,  Mount  Cook  being  the  chief  one.”  Again, 
“It  is  a  glorious  sight  to  see  the  three  active  volcanoes,  Ngauruhoe, 
Tongariro,  and  Ruapehu,  smoking  away  and  hurling  masses  of  molten  lava 
up  into  the  air.”  And  again,  “  The  air  in  Mesopotamia  is  so  thin  that  it 
bursts  the  blood-vessels  of  our  men  fighting  out  there.” 

The  first  point  I  would  like  to  emphasize  in  my  paper  is  this  :  that 
members  should  wherever  possible  help  to  disseminate  accurate  know¬ 
ledge  of  geographical  facts,  especially  of  the  facts  of  physical  geography. 
Popular  lectures,  articles  in  the  daily  papers,  correct  explanations  of  any 
natural  phenomena  that  may  happen  to  arouse  public  attention — these 
things  are  needed  urgently  to-day  to  counteract  all  the  errors  and  super¬ 
stitions  of  the  schoolroom  and  of  the  market-place.  People  without 
scientific  training — and  many  teachers  are  such — find  it  extremely  difficult 
to  follow  technical  papers,  but  lectures  on  geography  can  be  given  popu¬ 
larly  yet  accurately,  and  illustrations  of  all  aspects  of  the  subject  are 
abundant  in  New  Zealand. 

The  subject  geography  is  an  eminently  suitable  one  for  primary-school 
work.  I  would  like  to  emphasize  only  one  aspect  of  this  question.  I  do 
not  want  to  talk  about  the  mental  training  possible,  nor  the  interest 
aroused  in  children  by  the  subject,  nor  the  cultivation  of  the  imagination 
possible,  nor  any  other  similar  point  in  school  method,  excellent  as  all  these 
things  are  ;  but  rather  to  emphasize  this  :  that  by  means  of  geography 
one  can  teach  nearly  all  the  science  that  is  necessary  in  the  primary  school. 
Geography  can  be  made  the  one  great  central  science  subject  of  the  school, 
including  all  the  others  except  hygiene  and  physiology.  Let  me  give  some 
illustrations.  You  teach  the  climate  of  a  country.  Climate  depends  upon 
temperature  and  rainfall.  To  teach  temperature  you  must  teach  thermo¬ 
meters,  and  thermometers  depend  upon  the  expansion  of  a  liquid.  Here, 
then,  is  a  suitable  and  a  correct  bit  of  practical  physics  for  the  school 
laboratory — a  lesson  on  the  expansion  of  liquids.  Again,  climate  depends 
on  rainfall,  rainfall  upon  winds.  Winds  are  convection  currents,  and 
convection  currents  supply  another  well-known  bit  of  practical  physics, 
the  transference  of  heat  through  gases.  Rainfall  depends  upon  evaporation 
and  condensation,  and  here  again  is  ample  scope  for  suitable  scientific 
work  ;  and  so  on.  The  possibilities  are  infinite  and  tremendous,  given  the 
right  kind  of  teacher.  Specific  heat,  the  composition  of  the  atmosphere, 
the  distribution  of  plants,  botanical  studies,  meteorology,  work  of  rivers 
and  glaciers  are  but  to  mention  other  possible  studies.  Simple  as  all  this 
seems,  it  is  seldom  done.  Not  only  can  the  science  work  be  introduced  in 
this  way,  but  it  is  infinitely  better  that  it  should  be  introduced  in  this  way. 
It  gives  the  practical  work  in  science  a  definite  place  in  the  scheme  of 
things  ;  it  is  not  an  isolated  piece  of  work  of  no  importance,  unrelated 
until  the  pupil,  years  afterwards,  happens  to  come  across  it  again  in  a 
physics  course  at  the  University.  The  work  is  done  to  solve  a  problem 
that  has  cropped  up  in  the  course  of  the  daily  work  in  geography,  and  as 
such  remains  in  the  memory  as  an  accurate  explanation  of  a  natural 
phenomenon.  If  science  were  taught  more  often  in  this  way  it  would  be 
less  vague  and  indefinite.  Such  an  example  as  the  following  would  be  an 
impossibility.  The  pupil  was  asked  to  define  “  specific  heat  ”  and  give  its 
geographical  significance,  and  this  is  the  reply  from  a  high-school  scholar  : 
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“  By  specific  heat  is  meant  the  relation  in  which  one  heat  stands  in  regard 
to  another,  taking  one  as  the  standard  heat.  The  geographical  phenomenon 
depending  upon  it  is  that  on  it  all  other  heats  depend  or  take  their  heat 
according  to  the  standard  heat.”  If  the  problem  had  come  up  in  that 
pupil’s  primary-school  days  as  to  why  the  desert  sand  is  so  hot,  such  a 
glorious  example  as  the  above  of  scientific  definitions  without  sense  or 
reality  could  not  have  arisen.  I  want  to  emphasize  again  that  geologists 
should  work  actively  to  get  physical  geography  recognized  in  the  primary 
schools  as  Xhe  most  important  scientific  subject  in  the  curriculum. 

To  come  next  to  the  secondary  schools,  why  is  it  that  geography  has 
been  so  completely  and  absolutely  neglected  ?  Has  it  not  been  that  at 
matriculation  the  subject  came  to  a  dead  stop  ?  Our  secondary  schools 
are  controlled  rigidly  by  the  requirements  of  examinations,  and  just  because 
geography  was  not  a  University  subject,  except  in  a  small  way  for  a  little- 
sought-for  degree,  and  therefore  led  nowhere,  it  was  belittled,  neglected, 
despised,  and  buried  under  a  dead-weight  of  other  more  urgent  matters. 
All  this  can  be  changed,  and  will  be  changed,  for  the  New  Zealand 
University  has  come  into  line  with  other  universities  and  recognized  the 
subject  as  one  worthy  of  a  place  in  the  course  of  study  outlined  for  the 
Arts  degree.  Under  these  new  and  altered  circumstances,  what  will  be 
the  attitude  of  the  secondary  schools  ?  I  want  to  state  here  my  next 
point,  that  the  secondary  schools  must  be  urged  to  establish  well-equipped 
geographical  laboratories,  and  must  be  given  guidance  and  instruction  in 
the  best  way  to  set  about  it.  Laboratories  are  quite  as  necessary  for  the 
adequate  teaching  of  this  subject  as  for  physics,  chemistry,  botany,  or  any 
other  science.  Every  school  should  have  a  room  set  aside  for  apparatus, 
and  equipped  with  something  more  than  just  a  globe,  an  orrery,  and  a  map. 
Take  the  question  of  maps  alone  :  we  all  know  the  poverty  of  most  schools 
in  this  particular — at  most  they  possess  two  maps  of  a  country,  one 
showing  physical  features,  one  showing  political  divisions  and  towns, 
and  that  is  all ;  whereas  modern  teaching  requires  at  least  six  or 
seven — one  showing  physical  features,  one  showing  temperatures,  another 
rainfall  and  winds  and  ocean  currents,  another  showing  vegetation,  another 
natural  regions,  another  political  divisions,  another  density  of  population. 
What  a  revolution  is  needed  here  !  Again,  in  addition,  apparatus  is 
required  for  map  -  constructions,  for  map  -  projections,  for  surveying, 
for  contouring,  for  modelling.  Only  when  these  and  others  as  well  are 
provided  will  the  practical  side  of  the  subject  receive  the  consideration 
that  it  should  ;  and  if  we  have  realized  anything  recently  we  should  at 
least  have  realized  that  for  the  British  Empire  the  adequate  study  of 
geography  is  of  supreme  national  importance. 

This  reform  in  geographical  teaching  will  come  if  the  various  Geological 
Sections  of  the  Institute  throughout  the  country  lead  the  way,  and  see  that 
sufficient  prominence  is  given  to  the  necessity  for  such  equipment,  and  also 
insist  upon  geographical  lecturers  being  appointed  in  the  various  colleges, 
and  the  subject  made  a  real  living  subject  in  the  degree  course. 

A  great  impetus  has  been  given  to  the  study  of  geography  by  the 
introduction  of  a  new  method  of  presenting  the  subject-matter  itself.  By 
the  introduction  of  what  is  known  as  “  regional  geography  ”  it  has  become 
possible  to  present  all  the  multitudinous  facts  in  a  new  light ;  a  scientific 
and  logical  presentation  can  be  made,  and  the  old  objection  to  the  subject — 
that  its  teaching  method  was  of  necessity  an  excessive  exercise  of  the 
memory — does  not  apply.  For  instance,  it  is  not  now  “  What  and  where 
is  the  capital  of  New  Zealand  ?  ”  but  “  Why  is  Wellington  the  capital  of 
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New  Zealand  ?  ”  It  is  not  now  “  What  are  the  chief  cereals  grown  in  New 
Zealand  ?  ”  but  “  Locate  the  chief  wheat,  oats,  barley,  and  maize  centres 
in  New  Zealand,  and  say  why  each  crop  is  grown  so  successfully  in  its 
special  district.” 

It  is  this  new  feature  that  makes  geography  a  subject  eminently  suitable 
for  university  work.  It  provides  scope  for  research,  scope  for  theorizing, 
scope  for  the  very  highest  powers  of  the  intellect.  The  reform  has  been 
brought  about  by  the  good  work  of  the  university  lecturers  in  different 
parts  of  the  world.  The  same  reform  could  be  brought  about  here  in  New 
Zealand  if  we  had  similar  university  men  at  work  uplifting  the  subject 
from  its  despised  place  in  the  country  to  its  proper  rank  with  its  fellows 
in  the  academic  world. 

The  reform  has  been  possible  also  because  of  the  recent  developments 
in  another  subject — botany.  Plant  ecology  has  given  the  botanists  new 
inspiration,  and  opened  up  new  fields  of  research.  Plant  ecology,  for 
geography,  has  made  possible  the  creation  of  natural  regions,  and  trans¬ 
formed  the  method  of  studying  the  subject.  The  political  unit  is  not  now 
of  supreme  importance,  but  the  natural  unit.  It  is  not  now  a  question  of 
learning  laboriously  the  list  of  products  of  a  country  whose  boundaries  are 
artificially  fixed  by  political  aspirations,  but  a  question  of  investigating 
what  products  naturally  go  together,  and  of  discovering  the  conditions 
bringing  about  this  association,  and  of  discovering  in  what  other  parts  of 
the  world  the  same  conditions  exist.  The  method  is  one  based  upon  a 
recognition  of  cause  and  effect,  and  geographical  teaching  can  now  follow 
a  definite  line  of  its  own.  Man’s  activities  are  determined  by  conditions 
on  the  earth’s  surface,  mainly  with  reference  to  natural  products  ;  natural 
products  depend  upon  climate  ;  climate  upon  heat  and  temperature  ;  and 
these  again  upon  well-known  conditions.  Only  the  main  lines  of  the  method 
are  indicated  ;  the  details  include  a  complete  investigation  of  all  geographical 
phenomena.  The  fuller  development  waits  upon  the  further  investigations 
of  the  botanists  along  the  lines  of  plant  ecology,  but  geography  is  rapidly 
becoming  a  well-organized  subject  worthy  of  every  attention. 

There  is  one  other  educational  aspect  of  the  subject  I  should  like  to 
touch  upon — that  is,  the  close  connection  that  exists  between  geographical 
conditions  and  the  progress  of  the  world’s  history.  It  seems  to  me  that 
our  history  courses  must  be  widened  to  include,  somewhere  early  in  our 
educational  system,  a  survey  of  world-history  ;  and  if  the  survey  were 
based  upon  a  recognition  of  the  immense  influence  that  has  been  exerted 
by  geographical  conditions  it  would  be  both  interesting  and  instructive. 
Geographical  conditions  made  it  possible  for  Egyptian  civilization  to  arise 
so  early  in  the  course  of  world  events  ;  they  made  Babylon  possible,  Greece 
possible,  and  Borne  ;  not  only  made  possible  the  supremacy  of  these  nations, 
but  actually  determined  the  order  in  which  they  should  rise  into  power. 
Geographical  discoveries  shifted  the  centre  of  civilization  from  inside  the 
Mediterranean  to  the  outside.  Geographical  conditions  made  Great  Britain 
the  power  she  is  to-day.  In  the  face  of  these  great  ideas  we  persist  in 
teaching  interesting  but  extremely  insignificant  historical  stories  of  what 
King  Alfred  did,  or  Queen  Elizabeth,  or  William  Pitt,  as  if  these  things 
determined  the  progress  of  the  world.  If  in  the  days  to  come  we  are  to 
develop  beyond  the  petty  boundaries  of  a  narrow  nationalism  into  the 
broader  field  of  a  grander  internationalism,  then  there  must  be  radical 
changes  in  our  historical  studies.  One  of  these  changes  will  be,  inevitably, 
a  fuller  recognition  of  the  part  played  by  geographical  conditions  in  deter¬ 
mining  the  path  of  the  world’s- progress. 
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Report  on  the  Natural  Features  of  the  Arthur’s  Pass  Tunnel,  by  F.  W. 

Hilgendorf  and  others. 

(This  paper  will  appear  in  the  Transactions.) 

Press  Notice  ( Lyttelton  Times). 

In  1908,  when  the  Arthur’s  Pass  Tunnel  was  started,  a  committee  of  the  Canterbury 
Philosophical  Institute  undertook  to  record  the  natural  features  exposed  by  the  bore  ; 
and,  as  the  tunnel  is  now  practically  completed,  Dr.  F.  W.  Hilgendorf,  convener  of  the 
committee,  read  a  report  on  the  observations  at  the  Geological  Section. 

The  rock-structure,  he  said,  was  the  same  all  the  way  through,  varying  from  coarse 
grey  to  fine  black  slaty  greywackes,  and  nothing  new  or  interesting  was  disclosed.  The 
temperature  of  the  rock  was  taken  every  10  chains,  but  the  tunnel  admitted  such  large 
quantities  of  water  that  the  true  rock-temperature  was  not  obtainable,  but  only  that 
of  the  percolating  water.  The  great  ingress  of  water  was  due  to  the  faulted  nature  of 
the  rock,  many  seams  admitting  up  to  a  cubic  foot  per  second.  Those  usually  dried 
up  in  a  few  weeks  or  months,  but  there  were  still  7  cubic  feet  of  water  a  second  flowing 
from  the  tunnel-mouth.  It  was  hoped  to  do  some  work  on  the  radio-activity  of  the 
rocks,  but  that  became  impracticable  owing  to  the  inflow  of  water. 

A  point  of  interest  was  the  stalactites  that  had  formed  between  the  concrete  blocks 
used  for  lining  the  tunnel.  Those  stalactites  were  about  a  foot  long  and  as  thick  as  a 
lead-pencil,  and  had,  as  true  stalactites  usually  had,  a  hollow  down  the  middle.  Their 
rate  of  growth  had  been  about  2  in.  a  year,  whereas  stalactites  in  limestone  caves  were 
stated  to  grow  at  the  rate  of  about  1  in.  in  ninety  years.  The  difference,  doubtless, 
was  due  to  the  fact  that  the  water  dripping  between  the  concrete  blocks  of  the  tunnel 
has  calcium  hydrate  to  work  on,  instead  of  calcium  carbonate,  as  was  the  case  in 
limestone  caves.  The  final  product,  however,  was  the  same  in  both  cases,  being  pure 
limestone.  The  straightness  of  the  tunnel  and  the  fact  that  one  end  was  825  ft.  higher 
than  the  other  led  to  the  expectation  of  a  strong  and  constant  upwards  draught,  but 
that  had  no!  been  foimd.  There  was  usually  a  flow  of  air  upwards  from  the  Otira  to 
the  Bealey  end,  but  sometimes  that  was  absent  and  sometimes  reversed. 

Range  of  Tertiary  Mollusca  in  the  Oamaruian  of  North  Otago  and 
South  Canterbury,  by  J.  Allan  Thomson. 

Abstract. 

The  Oamaruian  is  divided  into  five  stages,  four  of  which  are  marine  at 
Oamaru  and  contain  fossil  molluscs.  A  very  large  number  of  fossils  have 
been  collected  from  the  Oamaru,  Waitaki,  Waihao,  Pareora,  and  Kakahu 
districts  by  officers  of  the  Geological  Survey  and  others,  and  have  been 
determined  by  the  late  Mr.  H.  Suter.  The  plotted  lists  exhibited  show  the 
range  of  each  species  for  each  of  these  several  localities.  The  majority  of 
species  found  in  the  lowest,  or  Waiarekan,  stage  are  also  present  in  the 
highest,  or  Awamoan,  stage,  but  there  is  a  small  proportion  confined  to 
single  stages.  This  is  particularly  so  in  the  case  of  the  Awamoan  stage,  but 
the  collecting,  especially  by  Marshall  in  the  Oamaru  district,  has  been  much 
more  exhaustive  for  this  stage  than  for  any  of  the  others.  The  difference 
in  station  of  the  species  found  in  the  Ototaran  and  Hutchinsonian  probably 
accounts  for  the  absence  in  these  stages  of  many  species  common  to  the 
Waiarekan  and  Awamoan,  and  also  for  the  presence  of  other  species  absent 
from  the  two  last-named  stages.  The  general  result  of  the  analysis  is  to 
show  that  the  molluscan  fauna  did  not  change  greatly  during  the  Oamaruian, 
and  hence  distant  correlations  with  individual  stages  based  solely  on 
mollusca  are  difficult  to  establish.  A  closer  study  of  the  fossils  on 
evolutionary  lines  might  lead  to  the  discrimination  of  species  now  lumped 
together  which  might  prove  to  have  a  zonal  value. 

The  Geology  of  the  Middle  Clarence  and  Ure  Valleys,  by  J.  Allan 
Thomson. 

(This  paper  will  appear  in  the  Transactions.) 
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View  on  River  Avon,  Botanic  Gardens,  Christchurch. 
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A  Quantitative  Study  of  the  Silica-saturation  of  Igneous  Rocks,  by 

J.  Allan  Thomson. 

Abstract. 

Variation  curves  for  chemical  constituents  (mainly  oxides)  plotted 
against  silica  have  been  given  by  Harker  for  Pacific  and  Atlantic  rocks, 
but  trial  plottings  of  a  large  number  of  analyses  show  that  the  points 
representing  given  rocks  group  themselves  together  into  curved  belts  (a 
sort  of  Milky  Way)  and  do  not  tend  to  lie  on  lines,  as  Harker’s  diagrams 
might  suggest.  If  these  belts  could  be  sufficiently  defined  by  the  plotting 
of  all  reliable  analyses,  each  rock  could  be  then  classified  as  abnormally 
high,  normal,  or  abnormally  low  for  each  chemical  constituent  compared 
to  silica,  and  a  valuable  means  of  comparing  rock-analyses  would  result. 
The  combination  of  all  such  classifications  for  each  important  constituent, 
however,  would  yield  more  classes  of  analyses  than  there  are  superior 
analyses,  and  would  be  cumbersome.  The  attempt  has  therefore  been  made 
to  obtain  a  small  number  of  functions  of  the  analyses  combining  relation¬ 
ships  between  various  oxide  molecules-  such  as  exist  in  minerals.  A  norm 
somewhat  similar  to  that  of  the  American  classification  has  been  adopted, 
but  in  order  to  avoid  the  difficulty  of  attempting  comparisons  of  such  related 
molecules  as  orthoclase  and  leucite,  albite  and  nepheline,  hypersthene  and 
olivine,  in  which  the  second  mineral  in  each  of  the  groups  named  is  under¬ 
saturated  in  silica,  it  has  been  assumed  in  calculation  that  unlimited  silica 
is  available.  The  amount  of  silica  actually  used  in  satisfying  the  various 
bases  on  the  assumption  of  complete  silica-saturation  is  then  compared  with 
the  amount  shown  to  be  actually  present  by  the  analysis,  and  a  percentage 
figure  is  obtained  expressing  when  positive  the  amount  of  free  quartz 
present  in  the  norm,  and  when  negative  the  degree  of  undersaturation  of 
silica.  A  further  difference  from  the  American  norm  is  also  the  calcula¬ 
tion  of  excess  A1203  and  Fe203  to  hydrous  silicates  Al203.Si02.2H20 
and  Fe203.Si02.2H20,  since  alumina  and  ferric  iron  control  at  least  an 
equivalent  of  silica  in  the  alferric  minerals  after  possible  feldspars  and 
metasilicates  have  been  calculated.  By  this  means  a  quantitative  esti¬ 
mate  of  silica-saturation  for  any  rock-analysis  is  obtained.  This  in  turn 
is  plotted  against  total  silica,  and  a  variation  belt  obtained  as  in  the  case 
of  the  oxides.  Other  functions  used  are  the  total  feldspars  (calculated  on 
the  assumption  of  unlimited  silica),  the  total  metasilicates,  and  the  iron-ores 
and  minor  accessories.  A  trial  plotting  of  the  feldspars  has  not  shown  very 
definite  grouping  into  a  belt,  and  if  a  further  series  of  analyses  does  not 
remedy  this  defect  it  will  be  necessary  to  seek  for  other  functions  of  the 
analyses  which  do  satisfactorily  group  themselves. 

About  a  thousand  analyses  have  been  calculated  and  plotted,  but  some 
years  ago  the  research  was  laid  aside  in  view  of  the  anticipated  early  publi¬ 
cation  of  the  second  edition  of  Washington’s  Superior  Analyses  of  Igneous 
Rocks,  which  would  render  unnecessary  the  individual  collation  of  analyses 
from  original  papers.  This  publication  was,  however,  delayed  by  the  war, 
and  has  not  yet  reached  New  Zealand.  It  is  hoped  to  resume  and  com¬ 
plete  the  research  by  the  aid  of  a  Government  research  grant.  Meanwhile 
it  is  of  interest,  in  view  of  recent  discussion  of  silica-saturation  from  the 
qualitative  point  of  view,  to  point  out  that  a  quantitative  study  could 
easily  be  made. 

The  Tectonic  Conditions  accompanying  the  Intrusion  of  Basic  and 
Ultra-basic  Igneous  Rocks,  by  W.  N.  Benson. 

(This  paper  will  appear  in  an  English  or  American  journal.) 
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Note  on  the  Mechanical  Composition  of  the  so-called  Loess  at  Timaru, 

by  L.  J  Wild. 

(This  paper  will  appear  in  the  Transactions.) 


The  Organization  and  Functions  of  a  State  Geological  Survey,  by  P.  G. 

Morgan. 

Introduction. 

In  order  to  form  a  well  -  balanced  opinion  concerning  the  proper 
organization  and  functions  of  a  State  Geological  Survey,  an  investigation 
of  the  history  and  organization  of  past  and  present  Geological  Surveys 
is  necessary.  Unfortunately,  many  important  circumstances  in  the  history 
of  official  organizations  are  never  published,  largely  for  the  reason  that 
they  are  of  such  a  character,  in  the  opinion  of  those  most  responsible  for 
their  happening,  as  not  to  be  suitable  for  the  light  of  day.  Others,  again, 
are  considered  too  trivial  for  record.  However,  although  it  is  generally 
not  possible  to  ascertain  the  inner  history  of  State  departments,  there 
is  no  great  difficulty  in  making  fairly  accurate  generalizations,  which  will 
be  applicable  in  some  though  not  in  all  cases. 

Organization  of  some  Existing  Geological  Surveys. 

Great  Britain  and  Ireland. 

In  considering  the  organization  of  a  Geological  Survey  one  naturally 
turns  first  of  all  to  Great  Britain  and  Ireland,  not  only  because  Britain  is 
the  mother-land  of  New  Zealand,  but  because  there  the  first  real  though 
unofficial  geological  surveys  were  made  by  William  Smith,  the  “  Father 
of  English  Geology.”  From  1814  to  1835  J.  Macculloch  and  others, 
as  specially  appointed  officers  of  the  Trigonometrical  Survey  of  Britain, 
did  a  considerable  amount  of  geological  surveying  in  Great  Britain  and 
Ireland.  About  1835  H.  T.  de  la  Beche  was  appointed  Director  of  the 
Ordnance  Geological  Survey.  In  later  years  the  British  Geological  Survey 
became  a  branch  of  the  Board  of  Education,  having  some  measure  of 
connection  with  the  Board  of  Agriculture  and  Fisheries.*  The  connection 
with  the  Board  of  Agriculture  presumably  arose  out  of  the  attention 
given  by  the  Geological  Survey  to  superficial  deposits  and  especially  to 
the  soil.  On  the  1st  April,  1905,  the  Irish  branch  was  transferred  to  the 
Department  of  Agriculture  and  Technical  Instruction  for  Ireland. 

In  1912  the  Director  of  the  Geological  Survey  of  Great  Britain  had 
under  his  control  five  district  geologists,  twenty-two  geologists,  one  or 
more  palaeontologists,  one  or  two  petrographers,  and  one  or  two  chemists, 
and  the  Museum  of  Practical  Geology  with  its  various  officers.  Outside 
specialists  were  also  employed  by  the  palaeontological  branch.  In  1917 
the  regular  staff,  owing  to  war  conditions,  was  smaller,  but  at  least  two 
outside  geologists  were  employed  temporarily  on  field-work. 

The  principal  function  of  the  British  Geological  Survey  is  officially 
defined  as  the  preparation  of  a  complete  geological  map  of  Great  Britain 
and  Ireland.  There  is  no  topographical  branch,  the  splendid  maps  of 
the  Ordnance  Survey  supplying  all  that  is  wanted  as  a  base  for  geological 
survey.  Considerable  attention  is  paid  to  agronomic  geology,  and  hence 
most  of  the  geological  maps  show  the  surface  formations  particularly  well. 
The  maps  now  being  published  are  mostly  on  the  scale  of  1  in.  to  the 


*  Colliery  Guardian,  vol.  112,  p.  659,  6th*.Oct.,  1916. 


22 — Science. 


290  The  N.Z.  Journal  of  Science  and  Technology.  [July 

mile  (1/63,360).  Numerous  manuscript  maps  on  the  6  in.  scale  (1/10,560) 
have  been  compiled,  and  copies  of  these  are  available  to  the  public  for 
reference  at  the  offices  of  the  Survey  in  London  or  Edinburgh.  One  may 
here  remark  that  the  mile-to-the-inch  scale  for  geological  maps  is  perhaps 
hardly  large  enough  for  local  use,  and  is  inadequate  for  the  requirements 
of  miners  and  others  who  are  interested  in  mineral  deposits. 

Since  the  beginning  of  the  war  nearly  all  the  work  done  has  had  a 
direct  economic  bearing,  and  numerous  reports  on  economic  minerals  have 
been  published.  Educational  propaganda  is  carried  on  to  some  extent 
by  means  of  the  Museum  of  Practical  Geology,  which,  however,  was 
closed  during  the  greater  part  of  the  war. 

A  feature  of  the  British  Geological  Survey  is  that  frequently  a  number 
of  geologists  are  associated  in  the  survey  of  a  comparatively  small  district, 
and  combine  to  write  a  joint  report  of  moderate  length.  Discussion 
among  the  authors  no  doubt  tends  to  well-considered  reports  and  the 
elimination  of  doubtful  statements  Hypothetical  views  and  impeachments 
of  the  work  of  other  geologists  are  almost  absent  from  the  reports,  which 
as  a  rule  are  evidently  intended  to  embody  nothing  but  facts.  The 
writer  is  of  opinion,  however,  that  the  system  is  not  economical  of  effort 
or,  on  the  whole,  conducive  to  the  highest  degree  of  efficiency.  As  a 
rule,  two  geologists  will  do  better  work  in  the  survey  of  an  area  of  small 
size  than  a  greater  number. 

The  field  methods  of  the  British  Geological  Survey,  as  described  by 
Sir  A.  Geikie  in  his  Field  Geology ,  are  presumably  those  in  use  at  the 
present  day.  They  are,  of  course,  not  altogether  suitable  for  thinly 
populated  and  partly  unsurveyed  countries  like  New  Zealand. 

Outside  criticism  avers  that  the  Geological  Survey  of  Great  Britain 
receives  poor  Government  support.  It  is  known  that  the  salaries  paid 
to  members  of  the  staff  are  not  commensurate  with  their  abilities  and 
scientific  attainments.  It  is  said  that  the  Survey  does  not  fulfil  all  the 
functions  that  might  be  expected  of  it,  one  reason  for  this  being  that  it 
has  no  connection  with  the  Home  Office,  which  has  charge  of  the  mining 
industry  of  the  country.  Without  much  doubt,  however,  one  may  lay 
the  blame  for  the  disabilities  and  shortcomings  of  the  British  Geological 
Survey  at  the  door  of  that  short-sighted  commercial  spirit  which  gave 
Napoleon  the  opportunity  for  his  famous  gibe  that  the  British  people  are 
‘ ‘  a  nation  of  shopkeepers.”  According  to  a  report  by  Sir  Lionel  Phillips/5 
the  Geological  Survey,  so  far  as  its  limitations  permit ,f  is  well  organized, 
and  has  rendered  very  valuable  service  to  the  country. 

Continent  of  Europe. 

Previous  to  the  war  probably  all  European  countries  except  some 
of  the  Balkan  States  had  official  Geological  Surveys.  The  Belgian 
Geological  Survey,  although  organized  in  its  present  form  only  since  1896, 
ten  years  later  had  completed  and  published  a  geological  map  of  the 
whole  of  Belgium,  on  the  scale  of  1/40,000.  A  manuscript  map  of  the 
whole  country  on  the  scale  of  1/20,000  was  also  available  to  the  public. { 
It  should  be  noted,  however,  that  official  surveys  in  Belgium  began  as 


*  Summarized  in  the  Colliery  Guardian,  vol.  116,  p.  1087,  22nd  Nov.,  1918. 

•j*  Italics  those  of  present  writer. 

j  Michel  Mourlon,  “  Le  Service  geologique  de  Belgique,  son  But,  son  Organisa¬ 
tion,  ses  Resultats,”  p.  4,  1906.  Extract  from  Annates  de  la  Societe  geologique  de 
Belgique,  t.  xxxiii,  Memoires. 
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early  as  1836,  and  that  a  general  geological  map  by  Andre  H.  Dumont 
was  published  in  1854.*  According  to  Mourlon,  the  Belgian  Geological 
Survey’s  chief  activities  were  (1)  geological  mapping,  (2)  economic  appli¬ 
cations  of  geology,  and  (3)  care  of  its  library  and  the  detailed  cataloguing 
of  geological  literature. 

Scanty  information  concerning  the  Geological  Surveys  of  other  European 
countries  is  at  hand.  Woodwardf  gives  short  accounts  of  the  early  history 
of  the  Geological  Surveys  of  France,  Germany,  Austria-Hungary,  Italy, 
Russia,  &c.,  but  little  or  nothing  concerning  their  organization  can  be 
gleaned  from  his  remarks. 

O 

India . 

At  the  present  time  the  most  important  Geological  Surveys  in  the 
British  dominions  are  those  of  Canada  and  India.  The  present  Indian 
Geological  Survey  may  be  said  to  have  begun  in  1851,  when  Thomas 
Oldham  became  Superintendent.  A  geologist  had  been  appointed  to  the 
Trigonometrical  Survey  of  India  as  early  as  1818,  but  when  Oldham 
arrived  in  Calcutta  he  found  the  Geological  Survey  represented  by  “a 
room,  a  box,  and  a  messenger. 

At  the  present  time  the  technical  staff  of  the  Indian  Geological  Survey 
comprises  the  Director,  several  superintendents,  numerous  assistant  super¬ 
intendents,  sub-assistants,  a  palaeontologist,  a  chemist,  a  curator  of  the 
museum,  &c.  The  general  policy  is  directed  by  a  Board  of  Scientific 
Advice-,  on  which  the  Director  has  a  seat,  and  thus  everything  in  the 
nature  of  political  and  lay  control  seems  to  be  eliminated.  The  Survey 
devotes  itself  largely  to  economic  geology,  but  also  does  much  work  of  a 
high  order  in  pure  geology.  Detailed  geological  mapping  does  not  appear 
to  be  given  a  prominent  position  in  the  Survey’s  activities.  European 
specialists  at  one  time  were  frequently  employed,  especially  in  connection 
with  palaeontological  research,  but  this  system  was  not  altogether  satis¬ 
factory,  and  the  Survey  now  relies  mainly  on  its  own  men  for  all  classes 
of  geological  research.  From  its  museum  collections  of  typical  geological 
specimens  are  liberally  distributed  to  other  Indian  museums  and  educational 
institutions. 

Canada. 

The  Geological  Survey  of  Canada  was  instituted  in  1842,  when  W.  E. 
Logan,  who  had  assisted  De  la  Beche  in  the  survey  of  South  Wales,  was 
appointed  Director.  Among  his  successors  were  A.  R.  C.  Selwyn  and  the 
two  Dawsons  (J.  W.  and  G.  M.).  At  the  present  time  the  Canadian 
Geological  Survey  is  the  largest  and  most  active  organization  of  its  kind 
in  the  British  dominions.  It  is  controlled  by  the  Minister  of  Mines,  under 
whom  is  a  permanent  official,  the  Deputy  Minister  (Mr.  R.  G.  McConnell, 
a  geologist),  in  charge  of  the  Geological  Survey  Branch  and  the  Mines 
Branch.  The  Geological  Survey  staff  consists  of  the  Directing  Geologist, 
seven  district  geologists,  numerous  geologists  and  assistant  geologists, 
palaeontologists,  mineralogist,  topographers,  biologists,  anthropologists, 
geographers,  draughtsmen,  photographers,  librarians,  editors  of  publica¬ 
tions,  accountants,  and  clerical  staff.  These  officers  are  distributed  among 
a  number  of  “  divisions.”  The  Victoria  Memorial  Museum  is  also  under 


*  H.  B.  Woodward,  History  of  Geology,  p.  92,  &c.,  1911. 
t  H.  B.  Woodward,  op.  cit.,  pp.  91,  92,  &c 

±  H.  B.  Woodward,  op.  cit,  p.  90,  quoting  “  Fifty  Years  of  Geological  Survey  in 
India,”  Nature,  p.  105,  31st  May,  1900. 
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the  charge  of  the  Geological  Survey.  For  the  field-work  during  the 
summer  months  many  temporary  technical  assistants  are  engaged,  mostly 
young  graduates  or  senior  university  students.  These  serve  for  a 
modest  salary,  and  form  the  recruiting  material  for  the  permanent  staff. 
University  professors  and  other  scientists  of  standing  may  also  be  engaged 
temporarily. 

At  the  present  time  the  Canadian  Geological  Survey  devotes  the 
greater  part  of  its  energies  to  economic  geology.  The  Mines  Branch  of 
the  Mines  Department  investigates  some  subjects,  such  as  the  supply  of 
roadmaking  materials,  which  might  conveniently,  one  would  think,  be 
assigned  to  the  Geological  Survey.  Detailed  geological  mapping  and  the 
higher  branches  of  pure  geology  appear  to  be  more  neglected  than  is 
proper  in  a  well-balanced  organization.  The  Survey,  as  might  be  expected, 
organizes  many  expeditions  into  unexplored  country,  and  in  these  expe¬ 
ditions  makes  a  point  of  studying  the  botany,  zoology,  ethnology,  &c., 
of  the  unknown  areas  traversed.  It  will  therefore  be  seen  that  in  some 
respects  its  activities  extend  far  beyond  the  scope  of  an  ordinary  geological 
survey. 

For  the  fiscal  year  that  ended  on  the  31st  March,  1916,  parliamentary 
grants  of  $614,388-30  were  available  for  the  work  of  the  Canadian 
Geological  Survey.  Of  this  amount  $510,311-37,  or  considerably  over 
£100,000,  was  expended.  The  work  of  the  Survey  is  conducted  under 
the  authority  of  various  Acts  of  Parliament. 

Apparently  the  various  divisions  enjoy  a  considerable  measure  of  self- 
control.  It  does  not  appear  likely  that  at  the  present  time  political  or 
other  lay  influence  is  able  directly  to  bear  on  the  work  of  the  Survey,  but 
the  following  remarks  in  the  Director’s  Summary  Report*  for  1911  indicate 
that  in  past  years  such  was  not  the  case  : — 

“  Four  years  ago,  when  the  Survey  was  able  to  announce  that  it  had 
been  removed  entirely  from  politics  and  outside  influences,  and  that 
appointments  and  promotions  would  hereafter  be  based  strictly  on  merit, 
the  most  prominent  students  in  the  colleges  began  to  train  for  positions 
on  the  staff.  By  restricting  the  appointments  as  student  assistants  on 
field  parties  to  students  of  at  least  two  years'  standing  in  approved 
universities  or  technical  colleges  who  were  studying  for  the  professions 
of  geology,  mining,  or  topography,  the  Survey  has  been  enabled  to  try  out 
each  year  about  sixty  prospective  technical  men  especially  selected  by 
their  respective  professors.'’ 

United  States. 

Federal  Survey.  —  The  Geological  Survey  of  the  United  States  was 
brought  into  being  in  1879  by  an  Act  of  Congress.  It  was  preceded  by 
various  Federal  Surveys,  such  as  the  Geological  Exploration  of  the  Fortieth 
Parallel,  under  Clarence  King  ;  the  Geological  and  Topographical  Survey 
of  the  Territories,  under  F.  V.  Hayden  ;  and  the  Geographical  and  Geo¬ 
logical  Survey  of  the  Rocky  Mountain  Region,  under  J.  W.  Powell.  At 
the  present  time  it  is  a  branch  of  the  Department  of  the  Interior,  but,  so 
far  as  can  be  judged,  is  free  of  all  lay  and  political  control  except  that 
exercised  by  Congress  in  deciding  upon  the  annual  appropriations  for  its 
work.  The  Survey  appears  to  have  complete  freedom  in  expending 
the  grants,  and  complete  self-determination  in  its  internal  organization. 
The  organization  is  somewhat  complex.  There  are  six  branches  :  (1)  The 
Geologic  Branch,  (2)  the  Topographic  Branch,  (3)  the  Water  Resources 
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Branch,  (4)  the  Land-classification  Board,  (5)  the  Publication  Branch,  and 
(6)  the  Administration  Branch.  The  Geologic  Branch  has  four  di vision s- 
namely,  ( a )  Division  of  Geology,  (b)  Division  of  Alaskan  Mineral  Iiesources, 
(c)  Chemical  and  Physical  Research,  and  (cl)  United  States  Mineral 
Resources.  The  other  branches  are  also  variously  divided.  The  Survey 
co-operates  formally  or  informally  with  the  various  State  Surveys  in 
geological  and  palaeontological  work. 

The  main  function  of  the  United  States  Geological  Survey  is  defined  by 
law  to  be  the  making  of  a  geological  map  of  the  United  States.  For  this 
purpose  it  has  had  to  make  extensive  topographical  surveys.  It  examines 
all  water  resources,  and  classifies  the  public  mineral-bearing  lands.  It 
collects  exhaustive  mineral  statistics,  and  gives  information  on  all  geological 
and  allied  subjects.  Its  mineral  and  other  collections  are  handed  over  to 
the  Smithsonian  Institute,  with  which  the  Survey  maintains  close  relations. 
The  publications  of  the  Survey  are  very  numerous,  and  a  considerable 
proportion  of  each  is  distributed  free  of  charge  not  only  to  residents 
in  the  United  States  but  to  foreign  men  of  science,  provided  the  latter 
can  offer  something  in  exchange.  As  is  well  known,  the  United  States 
Geological  Survey  devotes  great  attention  to  economic  geology,  and  the 
great  progress  made  in  this  branch  of  geology  during  the  past  quarter 
of  a  century  has  been  due  mainly  to  its  work. 

At  times,  especially  during  its  early  years,  the  Survey  had  difficulty  in 
getting  Congress  to  vote  sufficient  appropriations  for  its  work.  The  fact 
that  some  of  the  appropriations  may  be  made  late  in  the  fiscal  year 
impedes  organization,  and  has  more  than  once  caused  serious  embarrass¬ 
ment  and  some  loss  of  efficiency.  The  scale  upon  which  appropriations 
are  made  may  be  judged  from  the  grants  for  the  fiscal  year  1914-15, 
which  amounted  to  SI, 620. 520.  The  expenditure  for  the  same  year  was 
$1,468,035. 

The  permanent  employees  of  the  United  States  Geological  Survey 
generally  begin  in  minor  positions,  such  as  field  assistant,  and  are 
advanced  after  having  proved  their  competency.  Numerous  university 
professors,  young  graduates,  and  senior  students  are-  employed  temporarily 
in  field-work.  Permanent  officers  are  allowed  leave  of  absence  to  take 
outside  engagements.  There  is  much  to  be  said  both  for  and  against  this 
course. 

State  Surveys. — State  Geological  Surveys  in  the  United  States  began 
with  the  surveys  made  in  North  Carolina  by  Denison  Olmsted  and  Elisha 
Mitchell  from  1824  to  1827.  The  State  appropriation,  however,  consisted 
only  of  $250  a  year  to  cover  travelling-expenses,  and,  although  Olmsted 
and  Mitchell  were  able  men  and  did  good  work,  Merrill*  describes  the 
survey  as  an  abortive  attempt.  The  first  real  State  survey  was  that  of 
Massachusetts,  began  in  1830  under  the  direction  of  Edward  Hitchcock.  It 
was  followed  by  a  regular  boom  in  State  surveys,  some  qf  which,  however, 
petered  out  in  a  few  years.  During  the  next  half-century  many  other  State 
Surveys  came  into  existence,  but  most  of  these,  as  well  as  the  earlier 
Surveys,  had  a  chequered  career  and  many  came  to  an  untimely  end. 
Among  the  causes  of  failure  were  financial  depressions  and  the  Civil  War 
of  1861-65  ;  but  the  chief  causes  are  included  in  the  statements  that  the 
general  public  was  then  (as  to  a  large  extent  it  still  is)  uneducated  in  the 


*  G.  P.  Merrill,  Contributions  to  the  History  of  American  Geology  (from  the 
Report  of  the  U.S.  Nat.  Mus  for  1904),  p.  295,  1906.  See  also  pp.  266-68. 
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value  of  geology,  and  that  geology  as  an  instrument  of  economic  research 
was  poorly  equipped  during  the  period  under  discussion.  As  a  rule,  the 
surveys  were  begun  in  the  expectation  that  great  economic  results  would 
follow  almost  at  once,  but  usually  disappointment  followed  hard  on  expec¬ 
tation,  Since  the  Federal  Survey  got  well  under  way  the  State  Surveys 
have  gathered  strength  ;  old  Surveys  have  been  revived,  and  new  ones 
started.  In  1911  thirty-six  State  Surveys  were  in  existence,  and  since 
then  the  number  has  been  increased.  Only  four  States  have  never  had 
a  Geological  Survey  of  any  kind. 

The  organizations  of  the  State  Surveys  are  varied.  A  co’mmon  plan  is 
to  control  the  Survey  by  means  of  a  board  composed  partly  of  politicians 
or  their  nominees,  and  partly  of  technical  men,  including  the  State  Geo¬ 
logist.  Quite  often  the  State  Geologist  is  Professor  of  Geology  in  the  State 
University,  and  devotes  only  part  of  his  time  to  official  surveys.  In  that 
case  he  may  control  one  or  two  permanent  officers,  but  more  often  perhaps 
is  assisted  only  by  his  senior  students.  Under  these  circumstances  the 
grants  for  geological  surveys  are  generally  not  very  liberal.  In  other  cases, 
especially  of  late  years,  the  State  Geologist  and  his  staff  are  permanent 
officers  of  the  State,  and  generous  appropriations  for  geological  survey  are 
made. 

Extremely  good  work  has  been  done  by  some  State  Surveys,  and  in 
recent  years  the  results  obtained  in  other  States  have  been  almost  without 
exception  creditable.  At  one  time  and  another  many  State  geologists  have 
worked  under  great  difficulties,  and  good  results  may  be  attributed  rather 
to  their  abilities  and  personal  sacrifices  than  to  the  system  under  which 
they  were  compelled  to  work.* 

Political  influences  have  had  a  great  deal  to  do  with  the  fortunes  of  the 
State  Surveys,  and,  as  can  be  easily  imagined,  have  often  exercised  an  evil 
effect  upon  their  work. 

Australia. 

A  Federal  Geological  Survey  for  Australia  was  suggested  a  few  years 
ago,  and  in  1910,  at  the  request  of  the  Australasian  Institute  of  Mining 
Engineers,  a  scheme  of  operations  was  drawn  up  by  Dr.  J.  M.  Bell,  at  that 
time  Director  of  the  Geological  Survey  of  New  Zealand.  This,  together 
with  a  supplement  by  Professor  E.  W.  Skeats,  was  submitted  to  a  com¬ 
mittee  of  the  Institute,  but  nothing  came  of  the  proposals.  At  the  present 
time  the  Federal  Government  has  a  petroleum  geologist  (Dr.  Arthur  Wade) 
with  assistants  at  work  in  Papua,  and  till  recently  had  a  geologist  in  the 
Northern  Territory.  Whether  anything  further  in  the  direction  of  a  Federal 
Survey  will  be  done  now  that  scientific  research  is  so  much  discussed,  even 
by  politicians,  remains  to  be  seen. 

All  the  Australian  States  have  Geological  Surveys  of  their  own,  most  of 
which  were  begun  many  years  ago.  The  various  organizations  are  similar 
in  general  principle.  The  control  of  the  Surveys  rests  in  a  Minister  of 
Mines,  under  whom,  in  charge  of  the  Mines  Department,  is  an  Under¬ 
secretary  of  Mines  or  similar  official,  generally  a  non-technical  man.  The 
Geological  Survey  is  a  branch  of  the  Mines  Department,  consisting  of  the 
Director  or  Chief  Government  Geologist  and  several  other  technical  officers. 
The  larger  Surveys  have  a  palaeontologist,  a  chemist,  and  in  one  case  a 


*  For  accounts  of  State  and  Federal  surveys  in  the  United  States  see  G.  P.  Merrill, 
op.  cit.  ;  21st  Ann.  Rep.  of  U.S.  Geol.  Survey,  pt.  1,  pp.  19-21,  1900;  U.S.  Geol.  Survey 
Bull.  No.  227,  1904;  and  U.S.  Geol.  Survey  Bull.  No.  465,  1911. 
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petrographer.  A  mineral  museum  may  also  form  part  of  the  equipment. 
All  the  surveys  make  a  specialty  of  economic  geology,  and  as  a  rule  not 
much  attention  is  given  to  detailed  geological  mapping  of  non-mineral  areas. 
Such  work  as  is  done  on  purely  scientific  lines,  without  an  immediate  visible 
economic  object,  is  in  most  cases  pretty  obviously  a  labour  of  love,  is 
probably  done  largely  by  working  overtime,  and  is  suffered  rather  than 
encouraged  by  the  controlling  political  authorities.  Several  of  the  Aus¬ 
tralian  Surveys  have  undergone  violent  vicissitudes.  This  applies  particu¬ 
larly  to  the  Geological  Survey  of  Victoria,  which  in  its  early  years,  under 
A.  R.  C.  Selwyn,  made  some  excellent  detailed  surveys,  of  a  character  not 
since  surpassed  in  any  part  of  Australasia. 

The  organization  of  the  South  Australian  Geological  Survey  is  unusual. 
It  is  controlled,  as  usual,,  by  the  Minister  of  Mines,  and  is  in  charge  of  Mr. 
L.  Keith  Ward,  who  is  styled  “  Director  of  Mines  and  Government  Geo¬ 
logist.”  He  is  also  Supervisor  of  Boring  Operations,  and  a  Warden  under 
the  Mines  Act.  Mr.  Ward’s  geological  staff  is  a  small  one,  consisting  of  an 
assistant  geologist  and  a  draughtsman.  In  1913  he  defined  the  objects  of 
the  survey  as  the  systematic  examination  of  the  geology  of  South  Australia, 
the  investigation  of  economic  problems,  the  guidance  of  those  endeavouring 
to  develop  natural  resources,  the  publication  of  the  various  investigations 
(with  maps,  &c.),  and  the  making  of  type  collections. 

Neiv  Zealand. 

Hochstetter’s  investigations  of  1858-59  may  be  regarded  as  the  first 
official  geological  work  done  in  New  Zealand,  for  it  was  carried  out  at  the 
expense  of  the  Auckland  and  Nelson  Provincial  Governments.  Soon  after, 
Surveys  were  established  in  Otago,  Canterbury,  and  Wellington  provincial 
districts,  under  James  Hector,  Julius  von  Haast,  and  J.  C.  Crawford  respec¬ 
tively.  In  1865  Hector  was  appointed  as  the  first  Director  of  the  Geological 
Survey  of  New  Zealand,  a  position  that  he  filled  until  his  retirement  in 
1903.  For  many  years,  with  the  assistance  of  E.  H.  Davis,  S.  H.  Cox, 
F.  W.  Hutton,  Julius  von  Haast,  Alexander  McKay,  James  Park,  William 
Skey  (chemist),  John  Buchanan  (botanist  and  draughtsman),  and  others, 
the  Survey  flourished,  but  gradually  Government  support  waned,  and  after 
1893  practically  the  whole  burden  of  field-work  rested  on  the  shoulders  of 
McKay,  Hector  being  fully  occupied  with  his  duties  as  Director  of  the 
Colonial  Museum,  Manager  of  the  New  Zealand  Institute,  &c.,  whilst  other 
members  of  the  regular  staff  had  resigned  to  take  outside  appointments, 
and  their  places  remained  unfilled. 

Up  to  the  time  of  Hector’s  retirement  the  Geological  Survey,  Colonial 
Museum,  and  Colonial  Laboratory  formed  a  harmonious  whole,  but  a  com¬ 
plete  separation  of  the  three  institutions  now  took  place.* 

At  the  end  of  1904  J.  M.  Bell  was  appointed  Director  of  the  Geo¬ 
logical  Survey,  a  position  that  he  held  till  1911.  The  organization  and 
scheme  of  geological  work  introduced  by  Dr.  Bell  have  endured  to  the 
present  time,  but  there  have  been  great  variations  in  the  strength  and 


*  The  official  history  of  the  early  Geological  Survey  and  its  branches  is  not  easy  to 
trace.  At  the  end  of  1885  or  the  beginning  of  1886  the  Geological  Survey  was  trans¬ 
ferred  from  the  control  of  the  Colonial  Secretary  to  that  of  the  Minister  of  Mines. 
Probably  the  Museum  was  also  transferred,  for  in  1892  the  Meteorological  and  Museum 
branch  was  formed.  This  in  the  year  1902-3  was  transferred  to  the  Colonial  Secretary’s 
Department.  The  Laboratory  remained  part  of  the  Mines  Department  until  1909-10, 
when  it  was  transferred  to  the  Department  of  Internal  Affairs. 


296  The  N.Z.  Journal  of  Science  and  Technology.  [July 


personnel  of  the  Survey.  The  following  statement  of  yearly  expenditure 
on  the  Survey  since  1905  will  sufficiently  illustrate  this,  and  needs  no 
elaboration. 


Financial  Year. 

Expended. 

Financial  Year. 

Expended. 

1904-5 

£ 

Not  known. 

1911-12 

£ 

3,676 

1905-6 

4,611 

1912-13 

4,285 

1906-7 

7,570 

1913-14 

4.017 

1907-8 

9,790 

1914-15  . . 

3.789 

1908-9 

11,726 

1915-16  . . 

3,814 

1909-10 

6,951 

1916-17 

2,897 

1910-11 

5,120 

1917-18  . 

3,116 

For  many  years  previous  to  1905  the  annual  expenditure  on  geological 
survey  was  very  small.  After  the  appointment  of  Dr.  J.  M.  Bell  as 
Director,  at  the  end  of  1904,  the  Survey  was  reorganized,  and  the  expendi¬ 
ture  rapidly  increased  until  1909,  when  there  was  a  sudden  check.  The 
considerable  decrease  in  expenditure  since  1914  is  due  to  war  conditions, 
and  the  observance  of  a  rule  that  vacant  positions  were  not  to  be  filled 
during  the  continuance  of  the  war. 

At  the  present  time  the  Geological  Survey  is  a  branch  of  the  Mines 
Department,  which  is  in  charge  of  the  Under-Secretary  of  Mines,  the  chief 
executive  officer  of  the  Minister  of  Mines.  Appointments  to  the  staff 
are  made  by  the  Public  Service  Commissioner  in  accordance  with  the  Public 
Service  Act  and  regulations  thereunder.  Practically  no  differentiation 
between  professional  and  clerical  officers  is  made  in  respect  to  conditions 
of  employment,  promotion,  holiday  leave,  superannuation,  &c.  It  follows 
that  those  professional  men  who  join  the  Public  Service  at  the  age  of 
twenty-five,  thirty,  or  more  are  at  a  disadvantage  as  compared  with  the 
clerical  employees,  who  begin  their  official  career  at  the  age  of  fifteen  or 
sixteen. 

For  many  years  the  Geological  Survey  was  carried  on  by  the  statutory 
authority  of  an  Act  passed  in  1867  “  to  establish  an  Institute  for  the 
advancement  of  science  and  art  in  New  Zealand,  and  to  make  provision 
for  the  carrying-out  of  the  Geological  Survey  of  the  colony.”  This  Act, 
the  New  Zealand  Institute  Act,  1867,  was  repealed  by  the  New  Zealand 
Institute  Act,  1903,  which  omits  all  mention  of  the  Geological  Survey. 
Thus  the  Geological  Survey  has  no  statutory  functions,  though  the  Director 
is  by  virtue  of  the  Mining  and  Coal-mines  Acts  a  member  of  the  Boards  of 
Examiners  constituted  under  those  Acts. 

Organization  and  Functions  of  a  Geological  Survey. 

The  organization  and  activities  of  some  existing  Surveys  having  been 
described  so  far  as  available  data  permitted,  the  proper  or  ideal  organiza¬ 
tion  and  functions  of  a  State  Geological  Survey  in  a  country  like  New 
Zealand  will  now  be  discussed. 

Owing  to  the  many-sided  nature  of  the  science  of  geology  it  is  clear 
that  a  Geological  Survey  staff  ought,  if  circumstances  permit,  to  consist 
of  a  fairly  large  number  of  officers,  so  that  there  may  be  a  proper  division 
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of  labour.  Besides  field  geologists  well  trained  in  stratigraphy  and 
geological  mapping,  some,  if  not  all,  of  whom  ought  also  to  be  experts 
in  economic  geology,  an  official  Survey  needs  one  or  more  palaeontologists, 
chemists,  draughtsmen,  &c.,  and,  in  countries  that  are  not  thoroughly 
mapped,  topographical  surveyors.  In  this  country  it  is  not  necessary  to 
have  botanists,  zoologists,  or  anthropologists  attached  to  the  Survey,  as 
is  the  case  in  Canada,  for  totally  unexplored  areas  are  small.  Biological 
material  ought,  however,  to  be  collected  as  far  as  possible  by  field 
geologists  working  in  out-of-the-way  districts,  and  submitted  to  experts  ; 
but  experience  shows  that  the  systematic  collecting  of  plants,  animals,  &c., 
imposes  a  heavy  additional  burden  on  the  geologist,  and  not  much  in 
this  direction  ought  to  be  expected.  If,  as  often  happens,  functions  which 
are  distinct  from  geology  are  tacked  on  to  a  Geological  Survey,  the  staff, 
of  course,  needs  to  be  correspondingly  enlarged. 

The  salaries  paid  to  the  technical  officers  of  a  Geological  Survey  ought 
to  be  on  a  generous  scale.  In  their  determination  due  regard  ought  to 
be  given  to  the  following  facts  : — 

(1.)  The  preparatory  training  of  a  geologist,  more  especially  in  economic 
geology,  takes  many  years. 

(2.)  Field-work  requires  a  geologist  possessing  a  high  degree  of  physical 
endurance,  considerable  organizing-power,  some  ability  to  control 
men,  and  other  qualities  which  are  rarely  found  combined  in  one 
and  the  same  individual.  In  order  to  obtain  good  results,  long- 
hours  have  to  be  worked. 

(3.)  The  hardships  and  dangers  of  field-work  in  rough  unsettled 
country  are  considerable. 

(4.)  The  long-continued  separation  of  field-workers  from  their  families 
and  nominal  homes  involves  some  very  real  disadvantages. 

(5.)  The  preparation  of  long  geological  reports  requires  intense  applica¬ 
tion  and  some  literary  ability,  the  latter  a  quality  which  not 
every  scientist  can  be  expected  to  possess  in  a  high  degree. 

The  life  of  a  field  geologist  in  many  countries  is  a  hard  one,  and 
provision  to  enable  him  to  retire  from  it  when  his  physical  powers  begin 
to  wane  ought  to  be  made. 

Hardly  any  one  will  dispute  the  view  that  appointments  to  the  staff 
of  a  scientific  organization  ought  to  be  made  by  its  head,  or  with  his 
advice,  and  in  the  manner  and  under  the  conditions  that  he  thinks  will 
produce  the  best  results.  In  particular,  the  permanent  officers  as  a  rule 
require  to  be  carefully  tested  by  a  probationary  period  during  which 
they  are  entirely  on  the  footing  of  temporary  employees.  A  set  of 
rules  suitable  for  clerical  appointments  is  not  likely  to  be  suitable  when 
technical  officers  are  to  be  chosen,  yet  this  condition  prevails  in  New 
Zealand. 

Occasional  visits  to  foreign  countries  are  highly  desirable  in  the  case 
of  scientific  workers,  and  this  statement  applies  with  great  force  to  New 
Zealand.  The  Civil  Service  Regulations  make  some  recognition  of  the 
principle  involved,  but  the  authorities  are  obviously  hampered  by  the 
effort  to  meet  the  requirements  of  a  vast  clerical  and  miscellaneous  staff, 
and  by  the  idea  that  a  visit  to  a  foreign  country  for  the  purpose  of 
obtaining  useful  knowledge  is,  after  all,  really  a  holiday,  of  far  more 
benefit  to  the  individual  than  to  his  employer. 

The  most  important  point  in  the  organization  of  a  State  Geological 
Survey  is  to  secure  an  efficient  control.  In  practice  the  first  requisite  is 
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to  eliminate  interference  with  its  work  by  laymen.  It  is  not  advisable 
here  to  describe  the  various  methods  by  which  unqualified  persons  attempt 
to  exercise  an  influence  on  the  work  of  State  Geological  Surveys.  Suffice 
it  to  say  that  these  methods  come  largely  under  that  somewhat  vague 
term,  “  political  influence,”  or  “  pull,”  which,  like  charity,  covers  a  multi¬ 
tude  of  sins,  as  well  as  some  good  deeds.  It  must  be  admitted  that  the 
public,  through  its  elected  trustees,  the  members  of  Parliament,  and  more 
especially  the  members  of  the  Government  in  power  for  the  time  being, 
is  entitled  to  exercise  control  over  a  State  Survey.  The  evils  of  political 
influence,  however,  can  be  sufficiently  proved  by  reference  to  foreign  States, 
without  necessarily  admitting  that  they  exist  in  New  Zealand.  The 
politician  ought  not  to  be  wholly  blamed  for  all  the  ill  results  of  his 
interference.  He  is  in  duty  bound  to  do  something,  and  his  want  of 
knowledge  in  many  matters  under  his  control  is  a  necessary  evil  of 
democracy  as  at  present  constituted. 

All  lines  of  reasoning  point  to  the  desirability  of  the  elimination  of 
direct  political  control  in  the  case  of  scientific  organizations.  Probably 
the  best  practical  method  of  efficiently  directing  a  State  Geological 
Survey  is  to  place  it  under  a  board  of  experts,  the  members  of  which 
would  be  appointed  partly  by  the  Government  and  partly  by  scientific 
bodies.  In  order  to  prevent  uncalled-for  interference  by  bureaucratic 
officials,  the  powers  and  functions  of  the  Survey  ought  to  be  defined  by 
Act  of  Parliament. 

In  general  a  State  Geological  Survey  is  instituted  for  the  purpose  of 
assisting  in  the  development  of  the  natural,  and  particularly  of  the 
mineral,  resources  of  the  country.  This,  then,  has  usually  to  be  regarded 
as  its  main  function  or  duty.  In  any  case,  the  detailed  geologic  mapping 
of  the  greater  part  of  the  country  is  necessary  before  scientific  predictions 
concerning  the  occurrence  of  most  useful  minerals  can  be  made. 

The  layman  is  apt  to  take  a  narrow  view  of  the  proper  activities  of  a 
Geological  Survey,  and,  in  particular,  the  collection  and  study  of  fossils 
appears  to  him  a  useless  pursuit,  undertaken  by  the  palaeontologist  either 
from  idle  curiosity  or  because  his  nature  impels  him  so  to  act.  In  either 
case  it  appears  to  the  outsider  that  the  scientist  is  merely  seeking  his  own 
personal  gratification,  an  impression  that  some  workers  certainly  do  little 
to  remove.  The  truth,  however,  is  that  palaeontology  is  the  most  essential 
branch  of  geology,  for  without  it  geology  could  not  exist  as  a  science. 
It  is  indispensable  in  the  study  of  coal  and  oil  fields,  and  only  in  the  case 
of  mineral  deposits  in  igneous  rocks  or  surface  gravels  can  it  be  regarded 
as  unimportant. 

Among  the  functions  that  may  well  be  assigned  to  a  Geological  Survey 
is  the  preliminary  soil  survey  of  the  country.  An  intensive  soil  survey 
such  as  is  ultimately  required  in  all  agricultural  countries  is  beyond  its 
scope,  and  would  be  better  assigned  to  a  special  Survey  in  which  agri¬ 
culturists  would  be  prominent.  This  appears  to  be  the  course  really 
advocated  by  L.  J.  Wild*  in  his  paper  of  1917  proposing  a  soil  survey  for 
New  Zealand,  though  his  main  line  of  argument  seeks  to  prove  that 
geological  formations  do  not  give  rise  to  “  unique  ”  soil  types,  a  claim 
which  has  probably  never  been  made  by  a  geologist  of  extended  field 
experience.  A  Geological  Survey  may  further  help  the  agriculturist  by 


*  L.  J.  Wild,  On  the  Proposal  for  a  Soil  Survey  of  New  Zealand,  Trans.  N.Z. 
Inst.,  vol.  49,  pp.  476-90,  1917. 
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investigating  limestone  and  phosphate  resources,  &c.  Similarly  it  may 
help  the  roadmaker  and  the  railway  engineer  both  in  obtaining  supplies 
of  macadamizing  or  ballasting  material,  and  by  indicating  areas  liable 
to  slips  or  slumps,  such  as  much  of  the  “  papa  ”  country  of  this  Dominion. 
The  investigation  of  water  resources  is  a  highly  desirable  class  of  work 
for  a  Geological  Survey,  whether  water  be  required  for  irrigation  or  for 
power  purposes.  The  prompt  answering  of  inquiries  for  information  con¬ 
cerning  geology,  minerals,  &c.,  is  very  desirable,  and  when  this  is  done 
a  heavy  correspondence  is  likely  to  result.  By  means  of  its  publications, 
by  establishing  a  central  museum,  and  by  distributing  rock  and  mineral 
specimens,  a  Geological  Survey  may  do  important  educational  work. 

One  matter  of  importance  may  be  emphasized,  and  that  is  the  provision 
of  proper  accommodation  for  the  indoor  work  of  a  Geological  Survey.  The 
office  accommodation  should  include  a  separate  room  for  each  senior  and 
his  assistant.  The  offices  should  be  of  ample  size,  properly  furnished,  well 
lighted,  and  so  situated  that  the  inmates  are  not  disturbed  by  street 
noises,  &c.  Surely  men  who  for  the  greater  part  of  the  year  endure  the 
inconveniences  of  field  life  are  entitled  to  good  conditions  when  thev 
return  to  the  town  to  write  their  reports  and  carry  out  necessary  researches. 
A  laboratory  where  chemical  tests  may  be  made  is  a  necessity,  and  even 
with  small  surveys  the  attachment  of  a  trained  chemist  to  the  staff  is  to  be 
advocated.  A  petrographical  laboratory  and  facilities  for  photographic 
work  are  also  required.  The  draughting-room  should  be  large,  and  contain 
or  have  attached  to  it  ample  provision  for  the  storage  of  large  numbers 
of  maps.  A  library  is,  of  course,  indispensable,  and  space  for  books  should 
not  be  stinted.  Ample  storage  for  mineral  and  rock  specimens,  together 
with  space  for  sorting  the  accumulated  material,  is  a  necessity  if  the  work 
of  the  Survey  is  to  proceed  properly,  and  if  it  is  expected  to  distribute 
specimens  to  museums  and  educational  institutions. 

A  mineral  museum  is  attached  to  the  Geological  Survey  in  most 
countries,  but  New  Zealand  since  1903  has  been  an  exception  to  the  rule, 
nor  does  the  accommodation  provided  for  its  Geological  Survey  in  various 
other  respects  reach  a  proper  standard. 

Summary  and  Conclusion. 

The  technical  staff  of  a  Geological  Survey  in  a  partly  unsurveyed 
country  should  consist  of  economic  geologists,  topographers,  one  or  more 
palaeontologists,  a  chemist,  draughtsmen,  &c.  In  practice  its  first  duty  is 
the  thorough  and  detailed  mapping  of  the  whole  country,  areas  of  economic 
importance  being  given  special  attention.  Concurrently  with  this  the 
development  of  the  country’s  mineral  resources  must  be  given  every 
attention ;  but  prospecting  is  not  part  of  a  geologist’s  work,  any  more  than, 
say,  collecting  plants  or  insects  (work  which  may  be  of  a  thoroughly  useful 
character  all  the  same).  Palaeontology  and  other  research  work  must  be 
given  due  attention,  and  not  allowed  to  be  discarded  owing  to  the  cry  for 
commercial  results.  The  investigation  of  water  resources,  and  to  some 
extent  of  soils,  may  usefully  be  added  to  the  activities  of  a  Geological 
Survey.  The  Survey  ought  to  endeavour  to  assist  the  miner,  the  prospector, 
and  the  engineer  as  much  as  possible,  and  this  it  will  be  able  to  do  all  the 
better  if  a  broad  view  of  its  scope  is  taken.  Its  investigations  are  likely 
to  be  of  service  to  agriculture  and  many  other  industries.  A  Geological 
Survey,  if  given  proper  facilities,  may  be  of  great  educational  value. 
Ample  housing-accommodation  for  its  various  activities  is  a  necessity. 
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Section  3. — Chemistry,  Physics,  and  Engineering. 
An  Improved  Planisphere,  by  D.  M.  Y.  Sommer ville. 

(This  paper  appeared  in  t]je  May  number  of  this  Journal,  pp.  193-05.) 


Tables  of  Mathematical  Functions,  by  C.  E.  Adams. 

Press  Notice  ( Lyttelton  Times). 

Dr.  0.  E.  Adams,  Government  Astronomer,  Wellington,  gave  a  lecture  on  “  Tables 
of  Mathematical  Functions.”  He  said  that  he  had  been  led  to  construct  the  tables 
by  a  request  for  help  from  Mr.  Evan  Parry,*  recently  Government  Electrical  Engineer 
in  New  Zealand,  who  found  that  the  ordinary  tables  of  natural  logarithms  were  not 
sufficiently  minute  for  his  practical  use  in  electrical  work.  Mr.  Parry  had  assured  him 
that  tables  of  that  character  were  required  by  electrical  engineers  generally. 

Mr.  Powell  said  that  the  tables  were  of  very  high  value,  and  that  Dr.  Adams 
should  be  congratulated  on  his  work.  The  lecture  was  further  discussed. 


The  Leather  Industry,  by  A.  V.  Mountford. 

Press  Notice  ( Lyttelton  Times). 

Mr.  A.  V.  Mountford,  Christchurch,  read  a  paper  on  the  manufacture  of  leather, 
which  he  said  was  one  of  the  earliest  human  arts.  He  sketched  the  early  history  of  the 
industry.  Many  of  the  present  methods,  he  said,  were  the  result  of  thousands  of  years’ 
experience,  and  they  had  been  developed  mainly  by  the  ingenuity  and  judgment  of 
uneducated  workmen.  It  was  regrettable  that  the  scientific  principles  underlying  the 
industry  were  very  imperfectly  understood.  The  industry,  in  its  modern  developments, 
was  greatly  indebted  to  botany  and  chemistry  in  the  discovery  of  an  abundant  quantity 
of  tanning-materials.  Science  also  had  led  to  economy  in  labour  and  in  the  use  of 
materials.  Mr.  Mountford  showed  the  physical  structure  of  skin,  and  described  the 
principal  processes  of  manufacture. 


The  North-west  Winds  of  Canterbury,  by  H.  F.  Skey. 

The  origin  of  the  usual  high  temperature  of  the  north-west  winds  on 
the  Plains  is  of  considerable  interest.  The  thermodynamic  explanation  is 
probably  chiefly  that  of  a  fohn  wind,  but  it  seems  to  the  writer  that  a 
considerable  amount  of  kinetic  energy  of  the  wind  runs  down  into  heat 
during  the  passage  of  the  Southern  Alps  and  their  wide  extent  of  foothills. 
This  heat  and  the  latent  heat  of  precipitation  on  the  passage  are  sufficient 
to  account  for  the  phenomenon.  Thus  a  comparatively  moist  north-west 
wind  is  assumed  to  come  off  the  Tasman  Sea  and  to  be  is  forced  over 
the  ranges.  As  it  rises,  its  temperature  and  pressure  diminish  and  its 
degree  of  humidity  rises.  After  it  attains  the  dew-point  clouds  are 
formed  and  rain  is  precipitated,  and  a  very  large  part  of  the  latent  heat 
passes  into  the  air,  which  remains  saturated  at  a  higher  temperature 
but  at  the  same  pressure,  as  if  no  condensation  and  no  frictional  heating 
had  occurred. 

When  this  air  descends  the  eastern  slopes  of  the  ranges  it  is  compressed 
as  it  descends,  its  degree  of  humidity  decreases  and  its  temperature  rises 
as  work  is  performed  on  it,  and  in  virtue  of  the  heat  of  condensation,  &c., 
which  it  has  absorbed  its  temperature  must  be  much  above  what  it  was 
at  an  equal  altitude  before  it  crossed  the  ranges. 


*  E.  Parry,  The  Electrical  Properties  of  Three-phase  Transmission -lines,  this 
Journal,  p.  127,  March,  1919. 
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The  existence  of  cloud  in  the  mass  of  air  crossing  the  divide  mast 
prevent  some  lowering  of  temperature  by  radiation,  and  again  after  the 
ranges  are  left  behind  and  the  air  becomes  once  more  transparent  its  higher 
portions  gradually  cool  by  radiation,  ultimately  reaching  the  dew-point, 
and  a  cloud  stratum  is  again  formed  over  the  plain,  with  a  well-defined 
edge  towards  the  hills,  and  we  see  the  familiar  north-west  arch  from  any 
spot  nearer  the  sea. 

These  must  be  the  general  phenomena  ;  but  conditions  over  the  Tasman 
Sea  are  variable,  and  it  is  probable  that  sometimes  the  north-west  wind 
off  that  sea  is  comparatively  dry,  and  the  phenomena  might  be  very  much 
less  in  degree,  so  much  so  that  a  somewhat  cold  north-west  wind  may  be 
experienced  on  the  eastern  side. 

The  correctness  or  otherwise  of  the  explanation  might  be  verified 
by  the  temporary  establishment  of  a  chain  of  meteorological  posts  of 
observation  across  the  island,  to  give  sets  of  simultaneous  observations. 
It  is  not,  of  course,  to  be  assumed  that  a  north-west  wind  here  does 
always  come  straight  across  the  Island.  The  effect  will  be  the  same, 
though,  provided  the  condition  attained  in  the  height  of  its  rise  is  that 
outlined  above. 

Undoubtedly  some  criticism  of  the  above  explanation  will  be  forth¬ 
coming,  and  in  view  of  the  great  popularity  of  the  weather  as  a  subject 
for  discussion  one  need  not  be  surprised  if  some  one  blames  Maxwell’s 
demons  for  the  dust. 


The  Harmonic  Analysis  of  Tidal  Observations  and  the  Prediction  of 
Tides,  by  C.  E.  Adams. 

Abstract. 

Practically  all  existing  methods  used  for  the  harmonic  analysis  of  tidal 
observations  have  many  numerical  approximations  employed  in  their  prac¬ 
tical  applications.  It  therefore  becomes  difficult  to  determine  whether  the 
method  of  harmonic  analysis  gives  the  best  representation  of  the  tide 
curve. 

In  the  method  here  described  no  arithmetical  approximations  are  used, 
so  that  a  criterion  is  obtained  to  test  the  application  of  Fourier’s  series  to 
tidal  observations. 

A  description  is  given  of  the  method  of  prediction  of  tides  used  in  New 
Zealand.  An  illustrated  description  of  this  process  appeared  in  the  Survey 
Reports  of  the  Lands  and  Survey  Department  for  the  years  1910-14,  and 
to  these  reports  reference  should  be  made  for  the  details.  The  process  is 
a  graphic  one,  controlled  by  calculation.  The  results  of  the  predictions 
for  Wellington  and  Auckland  are  published  in  the  New  Zealand  Nautical 
A Imanac  by  the  Marine  Department. 

A  Slide-rule  for  solving  the  Quadratic  Equation,  by  D.  M.  Y.  Sommer- 

VILLE. 

Press  Notice  ( Lyttelton  Times). 

Professor  D.  M.  Y.  Sommerville,  Wellington,  exhibited  and  described!  a  slide-rule 
specially  constructed  for  finding  the  roots  of  a  quadratic  equation.  In  principle  it  con¬ 
sisted  of  two  movable  scales  sliding  side  by  side  between  two  fixed  s°a<  .  The  movable 
scales  are  set  to  the  values  of  the  two  terms  of  the  equation,  and  the  roots  of  the 
equation  are  obtained  by  reading  off  the  coincident  numbers  on  the  two  slides. 
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The  Porsity  of  Porcelain,  with  Special  Reference  to  High-pressure 
Insulators  for  Electric  Transmission-lines,  by  C.  C.Farr. 

The  following  tests  arose  out  of  a  desire  expressed  to  me  by  the 
engineers  of  the  Lake  Coleridge  electric-supply  system  that  a  method 
should  be  devised  by  which  it  could  be  ascertained  whether  or  not  the 
porcelain  of  which  the  insulators  on  the  Lake  Coleridge  transmission¬ 
line  were  made  was  of  a  porous  nature.  Some  of  the  failures  of  these 
insulators  seemed  ascribable  to  this  cause  only,  and  positive  proof  of  the 
fact  was  desired.  It  so  happened  that  I  had  in  the  physical  laboratory 
of  Canterbury  College  a  gas-compressing  pump  capable  of  compressing 
up  to  2,250  lb.  per  square  inch,  and  it  was  apparent  that  this  might  be 
used  with  advantage  for  the  purposes  of  the  test. 

It  was  decided  after  some  discussion  to  immerse  specimens  cut  from 
the  insulator  in  a  coloured  solution  (fuchsin  was  chosen,  though  red  ink 
does  as  well)  and  subject  them  to  an  air-pressure  of  somewhere  in  the 
neighbourhood  of  2,000  lb.  per  square  inch  for  a  period  to  be  determined 
by  experiment.  For  this  purpose  a  solid  block  of  mild  steel  was  obtained, 
of  rectangular  cross-section  and  of  dimensions  5  in.  by  5  in.  by  9  in., 
and  into  this  a  cylindrical  cavity  3  in.  in  diameter  and  6J  in.  deep  was 
bored.  On  to  this  a  well-fitting  cover  of  the  same  steel  1  in.  thick  was 
bolted  by  eight  bolts,  and  this  with  the  aid  of  a  leather  washer  between 
the  cover  and  the  pressure-chamber  was  found  to  be  capable  of 
maintaining  a  pressure  in  the  chamber  of  2,000  lb.  for  many  hours. 
Suitable  valves  for  shutting  off  the  pressure-chamber  from  the  pump 
were  inserted,  and  a  pressure-gauge  for  determining  the  pressure  in  the 
chamber. 

Preliminary  experiments  showed  that  signs  of  penetration  of  the  fuchsin 
solution  into  the  porcelain  of  some  specimens  was  to  be  noticed  in  about 
twenty-four  hours. 

Specimens  from  two  shipments  of  insulators  made  by  maker  X  were  tested, 
and  from  one  by  maker  Y.  These  specimens  were  pieces  cut  from  selected 
places  in  the  insulator,  and  weighing  from  25  to  100  grammes  each.  They 
were  first  dried  as  well  as  could  be  done  by  maintaining  them  at  a  tempera¬ 
ture  of  roughly  150°  C.  for  some  forty-eight  hours,  in  an  oven  supplied 
by  the  Public  Works  Department.  They  were  then  carefully  weighed  dry 
and  then  in  water,  so  that  the  density  might  be  determined.  About  ten 
at  a  time  were  next  placed  in  the  pressure-chamber,  which  was  then  filled 
with  fuchsin  solution.  Air-pressure  of  the  intensity  mentioned  in  the 
tests  was  maintained  in  the  chamber  for  the  periods  stated  in  the  tests 
to  be  quoted.  The  samples  were  then  taken  out  and  washed  and  dried 
with  a  cloth,  and  re  weighed  to  determine  the  weight  of  the  absorbed 
moisture.  As  a  check  on  the  increase  and  to  acquire  further  information 
the  specimens  were  then  cut  at  a  selected  line  (we  learnt  how  to  do  this), 
when  the  passage  of  the  fuchsin  solution  into  the  material  of  the  insulator 
could  be  seen  by  the  red  coloration,  if  any. 

Comparative  Tests  of  Insulators  from  Shipments  1  and  2  of 

Insulators  by  Maker  X. 

Ten  specimens  were  cut  from  the  second  shell  of  an  insulator  chosen 
from  each  of  these  shipments.  Five  were  from  the  glazed  part  of  the 
shell  of  each  insulator,  and  five  from  the  unglazed  crown.  The  ten 


*  At  the  Congress  this  paper  was  accompanied  by  a  demonstration  by  G.  F.  Ferguson. 
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glazed  pieces  were  tested  together,  and  subsequently  the  ten  more  or  less 
unglazed  pieces. 

TEST  No.  1.— TEN  GLAZED  PIECES. 

Average  pressure,  2,0001b.  per  square  inch  (maximum,  2,1001b.; 
minimum,  1,950  lb.),  maintained  for  fifty  hours. 


Shipment  1 . 


Specimen. 

Weight  dry. 

Grammes. 

Density. 

Increase 
in  Weight. 
Grammes. 

A 

.  .  52-862 

2-337 

•006 

B 

.  .  61-367 

2-324 

•012 

C  . . 

.  .  51-688  ' 

2-325 

•004 

D 

.  .  47-155 

2-342 

•006 

E 

.  .  39-630 

2-341 

•007 

Shipment  2. 

A  .. 

.  .  37-786 

2-244 

•005 

B 

.  .  45-770 

2-231 

•009 

C  .. 

. .  44-242 

2-232 

•006 

D 

.  .  43-774 

2-243 

•010 

E 

. .  37-738 

2-266 

•009 

These  ten  specimens  were  all  subsequently  broken  in 
case  did  the  fracture  show  any  sign  of  colour. 

half,  and*  in 

TEST  No.  2- — UNGLAZED  PIECES. 

The  rest  of  the  specimens  from  these  two  shipments  were  weighed, 
their  densities  were  determined,  and  they  were  subjected  similarly  to 
immersion  for  fifty  hours  in  fuchsin  solution  on  which  an  average  pressure 
of  2,050  lb.  per  square  inch  was  maintained.  These  specimens  were  from 
the  crown  of  the  second  shells,  mostly  totally  unglazed  on  both  sides.  In 
some  cases  there  was  a  small  patch  of  glazing  on  one  side. 


Specimen. 

I 

Gr 

J 

H 

i 

K 


F 

G 

H 

I 

J 


Shipment  i. 

Weight  dry. 

Grammes. 

Density. 

Increase’  in 
Weight. 
Grammes. 

.  54-873 

2-355 

•016 

.  30-647 

2-355 

•007 

.  50962 

2-354 

•016 

.  48-526 

2-355 

•021 

.  54-579 

2-355 

•020 

Shipment  2. 

.  51-051 

2-294 

•002 

.  65-335 

2-288 

•022 

.  70-039 

2-283 

•020 

.  60-863 

2-283 

•013 

.  32-644 

2-327 

•004 

of  shipment  1 

and  H  of 

shipment  2- showed 

e  on  being  broken  later. 

H  of  shipment  1 
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In  specimen  H  of  shipment  2  a  slight  coloration  was  noticed  in  one 
patch,  but  apparently  there  was  no  general  penetration  in  the  section  where 
the  cut  was  made. 

Insulators  by  Maker  Y. 

TEST  No.  3. 

This  experiment  was  made  with  nine  specimens  of  an  insulator  made 
by  maker  Y.  These  specimens  were  chosen  from  all  parts  of  the  insulator, 
and  two  of  them,  G  and  J,  were  somewhat  thick  irregular  lumps  of  porcelain. 
In  Gl  before  the  test  was  made  a  slight  hole  was  noticed,  which  had  the 
appearance  of  being  the  entrance  to  a  sort  of  channel  formed  by  an  air- 
bubble  imprisoned  in  the  clay  in  process  of  manufacture,  and  drawn  out 
into  an  elongated  duct.  These  were  noticed  more  than  once  in  this  make 
of  insulator.  With  these  nine  specimens  of  Y  make  one  small  piece  of 
an  X  insulator  was  included,  as  from  its  appearance  porosity  was  suspected. 
An  average  pressure  of  2,0501b.  per  square  inch  was  maintained  for  fifty 
hours. 


Specimen. 

Weight  dry. 

Density. 

Increase  in 
Weight. 

Grammes. 

Grammes. 

Y  A 

.  .  93-534 

2-281 

•013 

Y  B 

.  .  51-750 

2-288 

•000 

Y  C 

.  .  42-116 

2-289 

•002 

YD 

.  .  44-594 

2-289 

•004 

YE 

.  .  73-394 

2-316 

•016 

Y  F 

.  .  62-832 

2-285 

•000 

Y  G 

.  .  92-076 

2-278 

•030 

Y  H 

.  .  44-723 

2-286 

•001 

Y  J 

.  .  90-592 

2-283 

•044 

X  special  piece 

.  .  42-957 

2-353 

•120 

The  specimens  were  afterwards  broken  in  chosen  lines  and  examined. 
In  the  case  of  the  nine  specimens  of  *Y  make  no  penetration  of  dye  into 
the  body  of  the  material  was  noticed,  except  in  the  case  of  Gr ;  but  several 
tiny  holes  revealed  themselves — probably  the  entrances  to  small  air-bubbles 
imprisoned  during  the  manufacture.  These  were  more  evident  in  the  thick 
crown  pieces,  A,  G,  and  J,  than  in  the  thinner  C  “  petticoat  ”  pieces.  It 
is  probably  the  filling-up  of  some  of  these  with  liquid  that  led  to  the 
comparatively  large  increase  in  weight. 

On  the  other  hand,  the  picked  specimen  of  X  manufacture  showed* 
most  distinct  general  penetration,  as  was  expected,'  but  as  the  character 
of  this  penetration  was  better  brought  out  by  the  next  experiment  nothing 
more  will  be  said  of  it  here. 

Insulators  suspected  of  being  Porous. 

TEST  No.  4 

In  this  test  samples  of  three  insulators  were  taken,  all  of  which 
were  suspected  of  being  porous.  They  had  been  on  the  transmission¬ 
line  for  some  three  years,  had  been  taken  down  because  they  were 
suspected,  and  had  been  subjected  to  “  Megger  ”  tests  and  “  fifty- 
cycle-pressure  ”  tests,  of  which  the  following  details  have  been  supplied 
to  me. 
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Megger  and  Fifty -cycle-pressure  Tests  on  Three  Old  Stock  X  Insulators 

for  the  66,000-volt  Line. 


No.  of 
Insulator. 

First  Shell. 

Second  Shell. 

Third  Shell. 

Fourth  Shell. 

Crown  to  Pin. 

Meg. 

50 -eye. 

Meg. 

50-cyc. 

Meg. 

50  eye. 

Meg. 

50-cyc. 

Meg. 

50-cyc. 

347  S  .. 

o  • 

0 

150 

45  KV 

30 

40  KV 

70 

50  KV 

250 

100  KV 

Failed. 

Failed. 

O.K. 

O.K. 

808  B  . . 

0 

0 

40 

30  KV 

500 

50  KV 

60 

50  KV 

600 

100  KV 

Failed. 

O.K. 

O.K. 

O.K. 

258  S  .. 

0 

0 

80 

50  KV 

100 

50  KV 

30 

50  KV 

600 

100  KV 

O.K. 

O.K. 

O.K. 

O.K. 

By  “  0  ”  is  meant  too  low  to  be  recorded  on  the  voltmeter,  and  by  “  O.K.  ”  that 
the  shell  stood  up  to  the  test. 


Preliminary  experiments  (not  recorded  here)  had  shown  that  insulators 
showing  the  fracture  appearance  that  these  did  could  be  made  to  absorb 
colouring-matter,  and  it  was  therefore  decided  to  make  the  test  more 
severe  by  increasing  the  time  during  which  the  specimens  were  under 
pressure,  with  a  view  to  seeing  into  the  character  of  the  penetration.  They 
were  therefore  subjected  to  sixty-nine  hours’  average  pressure  of  2,0001b. 
per  square  inch.  The  samples  were  all  from  insulators  of  X  make. 


Specimen. 

Weight  dry. 

Density 

Increase  in 
Weight. 

Grammes. 

Grammes. 

A  .. 

. .  87-107 

2-320 

•436 

B  .. 

. .  86-534 

2-342 

•462 

C  .. 

. .  77-066 

2-338 

•719 

D  .. 

. .  62-383 

2-338 

•352 

E  .. 

. .  78-891 

2-350 

•242 

F  .. 

. .  56-142 

2-329 

•436 

G  .. 

. .  46-019 

2-324 

•546 

H  .. 

. .  64-585 

2-253 

•202 

I 

. .  36-373 

2-354 

•007 

J  .. 

. .  25-914 

2-364 

•024 

Specimen  A  was  a  totally  unglazed  piece  from  the  crown  of  the  second 
shell  of  insulator  258  S  ;  specimen  B  was  a  partly  glazed  piece  of  insulator 
808  B — second  shell  near  but  not  on  the  crown  ;  C  was  from  the  “  neck  ” 
of  the  first  shell  of  insulator  347  S,  partly  glazed  (about  an  inch  from 
where  it  was  taken  there  was  visible  the  track  where  the  spark  had  passed  in 
the  fifty-cycle-pressure  test)  ;  D,  unglazed  piece  from  crown  of  second  shell 
of  insulator  258  S  ;  E,  totally  unglazed  portion  from  third  shell  of  insulator 
347  S  ;  F,  almost  completely  glazed  part  of  808  B  ;  G-,  piece  of  808  B 
completely  glazed  on  both  sides  ;  H,  quite  unglazed  piece  from  near  the 
crown  of  the  second  shell  of  347  S  ;  I,  beak-shaped  piece  embracing  part 
of  the  crown  of  third  shell  of  258  B,  quite  unglazed  ;  J,  small  piece, 
partially  glazed,  of  third  shell  of  insulator  258  B,  from  near  the  neck  of 
that  shell. 

It  seems  hardly  necessary  to  point  out  that  such  an  expression  as 
“  completely  glazed  ”  used  above  refers  only  to  the  faces  exposed  in 
the  manufacture  of  the  shell.  In  the  preparation  of  the  specimen  in 
23 — Science.  *■ 
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general  four  other  faces  were  also  exposed,  on  which,  of  course,  no  glazing 
existed. 

After  immersion  under  pressure  for  sixty-nine  hours  the  specimens 
were  taken  out,  washed,  and  weighed,  and  then  cut  across  somewhere  about 


in  the  middle  of  the  specimen,  and  the  faces  exposed  by  this  cut  are  shown 
in  the  accompanying  photograph. 

The  increase  in  weight  indicated  that  the  penetration  had  been  marked, 
but  the  photograph  brings  out  some  interesting  and  important  points. 
Unfortunately,  the  fuchsin  colouring  photographs  very  badly,  and  so  the 
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penetration  edge  was  lightly  pencilled  round  and  the  coloured  part  cross- 
hatched.  ^he  two  pieces  resulting  from  cutting  each  specimen  are  shown  in 
general  one  under  the  other,  except  in  the  case  of  specimen  I,  where  they 
are  side  by  side.  A  rotation  of  the  lower  piece  round  its  upper  edge  makes 
it  fit  the  top  piece. 

Some  features  about  the  penetration  may  be  pointed  out.  Many  of  the 
specimens  show  distinct  evidence  of  a  porous  core — alb  of  them,  indeed, 
except  C,  which  seems  to  be  porous  throughout,  and  I  and  J,  which  show 
no  penetration  at  the  section  where  the  cut  was  made.  One  or  both  edges 
of  this  core  are  often  almost  a  straight  line  parallel  with  the  upper  or  lower 
face  of  the  specimen — parallel,  that  is  to  say,  to  the  natural  surface  of  the 
material.  This  feature  is  to  be  seen  in  specimens  A,  B,  D,  E,  G,  and  H, 
but  possibly  shows  itself  best  in  B,  where,  as  in  most  of  the  specimens,  the 
dye  has  entered  from  both  of  the  artificially-formed  sides  and  has  got 
nearly  right  across.  It  would  seem  to  meet  with  greater  obstruction  in 
its  passage  in  from  the  left  side  (in  the  photograph)  than  from  the  right 
(of  specimen  B).  The  penetration  on  the  right  side  of  this  specimen  is 
actually  about  1  in.,  and  that  on  the  left  about  J  in.  The  dye,  however, 
has  not  penetrated  at  all  from  either  the  top  or  the  bottom,  which  were 
the  natural  shell  surfaces.  It  would  seem,  therefore,  that  there  is  in  the 
specimens  an  abrupt  change  in  the  character  of  the  porcelain  as  one  proceeds 
from  the  natural  surfaces  inwards,  for  the  colour  change  is  abrupt  and  not 
gradual  (fading  away  at  the  edges).  It  is,  indeed,  quite  as  abrupt  as  the 
photograph  shows. 

With  regard  to  specimen  C,  it  will  be  seen  that  it  absorbed  0-719  of  a 
gramme  of  liquid  in  a  weight  of  77-066— a  somewhat  remarkable  perform¬ 
ance,  surely.  It  is  not  surprising,  therefore,  that  on  its  being  broken  the 
dye  should  show  itself  over  nearly  the  whole  break  ;  yet  even  here  there  is  a 
non-porous  layer,  which  shows  in  the  photograph  at  the  bottom  edge  of 
the  top  half  and  at  the  top  edge  of  the  bottom  half.  It  is,  however,  at 
its  widest  part  only  about  -3  millimetres  wide.  The  horizontal  surfaces  of 
this  specimen  are  the  natural  faces,  and  both  are  glazed. 

Conclusions. 

It  seems  possible  to  draw  the  following  conclusions  from  these  experi¬ 
ments  : — 

(1.)  That  density  and  porosity  have  little  or  no  connection  with  one 
another. 

.  (2.)  That  porcelain  can  be  made  which  shows  no  penetration  under 
the  pressures  which  were  maintained,  and  for  the  times  for  which 
they  were  maintained,  in  these  experiments. 

(3.)  That  porcelain  is  not  always  so  made. 

(4.)  That  when  it  is  otherwise  a  porous  layer  with  abrupt  edges  very 
often  exists  in  the  mass  of  the  substance. 

It  is  hoped  to  carry  out  more  experiments  with  a  view  to  studying 
the  matter  further. 

My  thanks  are  due  to  Mr.  L.  Birks  and  Mr.  G.  F.  Ferguson,  Electrical 
Engineers  of  the  Public  Works  Department,  at  whose  request  the  investiga¬ 
tion  was  carried  out,  for  advice  and  help ;  and  to  Mr.  T.  E.  Kilworth,  the 
mechanical  assistant  in  the  laboratory,  to  whose  mechanical  skill  the  work 
owes  much. 
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Interference  of  Power  Circuits  with  Telephone  Circuits,  by  E.  Parry. 


The  question  of  the  extent  of  the  interference  of  power  circuits  with 
the  working  of  Post  and  Telegraph  circuits  in  their  vicinity  is  an  ever¬ 
present  one  to  engineers  engaged  in  these  services. 

As  the  result  of  experience  a  considerable  amount  of  information  has 
been  accumulated  on  the  subject.  Generally  speaking,  however,  the 
present-day  knowledge  amounts  to  little  more  than  a  record  of  isolated 
events,  and,  so  far  as  I  know,  no  effort  has  been  made  to  systematize  the 
results  in  such  a  manner  as  to  afford  a  means  whereby  results  can  be 
predicted  under  circumstances  which  differ  from  those  prevailing  at  the 
time  the  observations  were  made. 

This  paper  is  written  partly  with  the  object  of  establishing  a  general 
basis  for  co-ordinating  the  results  of  experience  and  for  calculating  before¬ 
hand  the  effects  resulting  from  any  given  relative  disposition  of  the  circuits 
and  from  any  given  method  of  working,  and  partly  with  the  object  of 
determining  approximately  the  intensity  of  the  electromagnetic  and  electro¬ 
static  fields  surrounding  the  Lake  Coleridge  transmission-lines  in  particular, 
and  is  published  for  two  reasons.  One  reason  is  that  the  Public  Works  , 
Department,  in  conjunction  with  the  Post  and  Telegraph  Department, 
is  about  to  institute  an  experimental  investigation  into  the  influence  of 
power  circuits  upon  telegraph  and  telephone  circuits,  for  which  purpose 
a  knowledge  of  the  magnitude  of  the  forces  acting  is  desirable  in  order  to 
design  and  adjust  the  apparatus  to  suit.  The  other  reason  is  that  telephone 
circuits  for  service  purposes  are  supported  on  the  same  poles  as  the  power 
wires  on  the  system  mentioned,  and  a  knowledge  of  the  magnitude  of  the 
indirect  forces  is  necessary  in  order  to  appreciate  the  nature  and  extent 
of  the  protective  apparatus. 

Dealing  first  with  the  effect  of  electrostatic  induction  :  Referring  to 
fig.  1,  let  A  represent  a  conductor  carrying  a  sinusoidal,  electric  current  at 
a  difference  of  potential  between  it  and  the  earth  of  va  volts,  and  let  D 
represent  a  telephone  or  telegraph  wire  subject  to  the  influence  of  A. 
Let  EE  represent  the  ground,  and  A'  and  D'  the  images  of  A  and  D. 
Then  if  vA  be  the  effective  value  of  the  voltage  induced  in  D  corresponding 
to  va  in  A,  the  following  relationship  may  be  proved  to  exist  between 
the  quantities  involved  : — 

v« =  VaX  HTTca 


where  Md  is  the  mutual  capacity  of  D  and  A  with  its  image  A',  Ma  is  mutual 
capacity  of  A  and  D  with  its  image  D',  Cd  is  the  capacity  of  D  to  earth. 
Also — 


Md  = 


where 


b1b2  —  apa. 


a , 


M  =± _ _ 

XTJ-a  7  7 

a±a2  —  o1o2 


2  loge 


AA' 


a . 


2  log( 


Cd: 

DD' 

r& 


a . 


bA 


ct1a2 


b  1=2  loge  b2  =  2  loge 

where  ra  is  the  radius  of  A  and  rd  is  the  radius  of  D. 

Applying  the  foregoing  to  a  three-phase  transmission-system  in  relation 
to  a  telephone  circuit :  Let  the  three-phase  conductors  be  arranged  sym¬ 
metrically  as  in  fig.  2,  where  they  are  represented  by  A,  B,  and  C,  and  let 
D  represent  the  telephone- wire.  Dealing  first  with  the  electrostatic  effect, 


*  0.  Reavyside,  Electrical  Papers,  vol.  1,  p.  44. 
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the  influence  of  the  three-phase  circuit  may  be  readily  determined  by 
treating  it  as  three  independent  circuits  and  neglecting  the  screening 
effect  of  one  on  the  other.  This,  of  course,  does  not  give  an  exact  result, 
but  at  the  same  time  it  is  approximate  enough  for  the  present  purpose. 
An  attempt  at  greater  exactness,  whilst  involving  a  good  deal  of  extra 
work,  is  liable  to  be  upset  by  unknown  and  uncertain  factors  which  are 
not  taken  into  account  in  the  calculations,  and  the  object  of  the  experi¬ 
ment  is  to  obtain  a  factor  or  coefficient  which  may  be  applied  to  the  simplest 
form  of  equation  which  is  capable  of  being  applied  to  the  conditions.  As 
regards  the  telegraph  or  telephone  circuit,  it  will  be  assumed  that  there 
is  no  apparatus  connected  thereto,  and  that  the  resistance  to  earth  is 
infinite  ;  in  other  words,  the  line  is  entirely  insulated.  It  is  a  compara¬ 
tively  simple  matter  to  take  insulation  resistance  and  also  the  resistance 
and  inductance  of  the  connected  apparatus  into  account,  but  such  is 
outside  the  scope  of  the  present  investigation.  Let  va,  vh,  vc  represent  the 


difference  of  potential  to  neutral  of  the  wires  A,  B,  and  C  respectively  and 
at  the  same  instant  of  time  :  then  at  any  time 


Va  +  Vb  -j-  Vc  =  0. 

If  vd  be  the  instantaneous  value  of  the  voltage  to  earth  of  D  when  the 
voltages  in  A,  B,  and  C  are  va,  vh,  and  vc  respectively,  we  have 


where 


Vd  —  va&a  -j-  vhkh  -f-  vJcq 
Md  Md  Md 

'  -  Ma  +  Cd’  b  Mb  +  Cd’  c  Mc  -f  Cd 


If  we  choose  a  particular  instant  when  va  =  V,  the  maximum  value  of  the 
D.P.  to  neutral  of  the  circuit,  then 

=  v  (  -  !  +  j  and  vc  =  V  (  -  |  —j 


Proceeding  now  to  evaluate  the  equations :  Let  A,  B,  and  C  of 
fig.  2  represent  the  three  conductors  of  the  Lake  Coleridge  -  Christchurch 
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transmission-line,  which  are  symmetrically  arranged  with  a  spacing  of  6  ft. 
between  centres.  The  diameter  of  each  conductor  is  04  in.,  the  height  of 
B  and  C  above  the  ground  32  ft.  2  in.,  the  height  of  A  above  ground  is 
37  ft.  5  in.  The  telegraph-wire  D  is  assumed  to  be  placed  at  a  height  of 
18  ft.  above  the  ground,  and  to  be  composed  of  No.  11  S.W.G.  wire, 
0*116  in.  in  diameter. 

The  D.P.  between  phases  is  66,000  volts,  or  38,100  volts  between  each 
phase  and  neutral. 

Pig.  3  shows  the  maximum  value  to  earth  of  the  electrostatically  induced 
E.M.F.  in  the  wire  D  due  to  the  impressed  voltage  mentioned  in  the 
power  circuit  for  different  distances  between  the  vertical  planes  through 
A  and  D  respectively.  It  will  be  seen  on  examination  that  the  maximum 
induced  voltage  at  1  chain  is  185  volts,  at  2  chains  it  is  48  volts,  whilst  at 
6  chains  it  has  fallen  to  6  volts,  subject  in  each  case,  of  course,  to  large 
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disturbances  in  the  event  of  unbalancing  of  the  power  circuits  due  to 
a  short  circuit  on  one  phase,  the  magnitude  of  which  depends  upon 
the  location  of  the  fault  and  the  nature  of  the  short  circuit ;  there  is 
also  a  relatively  smaller  disturbance  due  to  fluctuations  of  electro-motive 
force  in  the  power  circuits  and  the  swaying  of  the  conductors,-  all  values 
being  calculated  on  the  assumption  that  the  telegraph-wire  is  perfectly 
insulated. 

The  special  case  of  a  service  telephone  circuit  carried  on  the  same 
poles  as  the  power  wires  remains  to  be  considered.  In  the  case  of  the 
Lake  Coleridge  line  the  telephone-wires,  consisting  of  No.  8  galvanized-steel 
wires,  are  placed  at  a  vertical  distance  of  6  ft.  5  in.  below  the  plane  of 
wires  B  and  C,  and  2  ft.  6  in.  apart,  symmetrically  arranged  one  on  each 
side  of  the  pole.  Considering  one  of  these  wires  and  proceeding  to 
calculate  the  induced  E.M.F.  upon  one  of  the  telephone-wires,  and  calling 
this  wire  D  as  before,  we  have  the  following  dimensions  and  distances, 
viz. :  AD  =  11  ft.  7 \  in.  ;  A'D  =  AD'  =  63  ft.  3  in.  ;  BD  =  6  ft.  8J  in.  ; 
B'D  =  BD'  =  58  ft.  ;  CD  =  7  ft.  7J  in.  ;  C'D  =  CD'  =  58  ft.  3  in.  ; 
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AA  =  74  ft.  10  in.  ;  BB'  =  64  ft.  4  in.  ;  CC'  =  64  ft.  4  in.  ;  DD'  =  51  ft. 

6  in.  ;  ra  =  rb  =  rc  =  0*2  in.  ;  rd  =  0-08  in. 

AA'  898 

log - =  log  — —  =  log  4490  =  8-4096 

fa  0’2 

BB'  772 

log - =  log  -  =  log  3860  =  8-2584 

ra  &  0*2  & 

CC'  772 

log - -  =  log  —  -  log  3860  =  8-2584 

ra  0-2  & 

DD'  618 

log  — =  log  — —  =  log  7725  =  8-9516. 


r  d 

DA'  AD'  7^9 

log  DA~  =  log  AD  =  13Tb  =  log  544  =  1,6938 


DB' 


BD'  692 


rvp  ^°o  i)  ]  \ 


DB 

DC' 


BD  80-5 
CD' 


l0g  DU  =  l0g  rfFT  =  lo§ 


699 


CD 


9D5 


log  8-596  =  2-1513 
log  7-6393  =  2-0333 


With  respect  to  circuit  A  we  have — 
AA' 

<h  =  2  log - =  2  X  8-4096  =  16-8192 


a2  =  2  log 


DD' 


2  X  8-9516  =  17-9032 


DA' 


A  =  A  =  2  log  -  =  2  X  1-6938  =  3-3876 

UA 


Md:.== 
Ma  = 
Cd  = 


A 


3-3876 


3-3876 


AA  —  a,a2  (3-3876)2— (16-8192  X  17-9032)  -289-6417 

A  3-3876  _  3-3876 

ala2  -  AA  ~  (16-8192  X  17-9032)  -  (3-3876)2  “  28<T64l7 


=f  —  0-01169 
=  +0-01169 


CL 


bA  —  CLi  CL-2 
Md 


16-8192 
-  289-6417 
-0-01169 


Ma  +  Cd  “  0-01169  -  0-0581 


With  respect  to  circuit  B  we  have- 


=  -  0-0581 

-  0-01169 


0-04641 


0-2518 


a,  =  2  log  —  =  16-5168 
DD' 

=  2  log -  =  17-9032 

rd 

DP' 

bx  —  A  =  2  log  gg-  =  4-3026 


M„ 


A 


a 


-  AA  - 
A 

a&2 

Cl\0/-2 

bA 

a 

~  bA  - 

a,  a 

Md 

Mb  -j~  Cd 


=  -  0  01552 
=  A  0-01552 
=  —  0-05959 
=  +  0-3522 
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With  respect  to  circuit  C  we  have — 

CC' 

a,  =  2  log  —  =16-5168 

a.2  —  2  log  =  17*9032 
rA 

DC' 

bx  —  b2  —  2  log  =  4-0666 


Md  = 


6i 


bib  $  ci\di 


b. 


Mc  =  -  , 

axa.2  —  bfa 


=  -  0-01457 


=  +  0-01457 


Cd  = 


ax 


bxb  2  —  axa.2 


-  0-05916 


Md 


K  Mc  +  Cd 


=  +  0-3267 


Proceeding  to  evaluate,  we  have — 

v&  =  v&Jca  +  vhkh  -f  vckc 

when 

«.  =  y  =  38100  V2  =  53720  volts, 

%  =  V  (  - 1  +j  =  -  26860  +j  46521 

»e  =  V  f  -  I  —3  =  -  26860  -  j  46521 


(53720  x  0-2518)  -  (26860  x  0-3522)  -  (26860  X  0-3267) 

+  (j  46521  x  0-3522)  -  (j  46521  x  0-3267) 

==  -  4780  +  j  1200  =  4940  / 165°  54' 

It  will  be  seen  that  under  normal  working-conditions  each  telephone- 
wire  in  the  position  indicated  is  subject  to  a  maximum  voltage  of  4,940  volts, 
hence  the  necessity  of  employing  drainage  coils  and  transformers  insulated 
for  a  high  voltage,  insulating-platforms,  and  other  devices  for  the  security 
of  the  employees. 

Next,  as  regards  electromagnetic  induction,  the  effect  is  not  nearly 
so  great  as  in  the  case  of  electrostatic  induction,  and  may  be  neglected 
except  when  the  two  circuits  run  for  a  considerable  distance  in  parallel. 
The  phenomenon  depends  upon  the  magnitude  of  the  current  and  not 
the  voltage,  and  as  in  high-tension  transmission-lines  the  voltage  is  high 
and  current  small  the  relative  importance  of  the  two  phenomena  is  of 
the  same  order.  The  nature  of  the  induction  is  also  different,  and  the 
D.P.  due  to  electromagnetic  induction  varies  as  the  length  of  conductor 
subject  to  induction.  Moreover,  in  the  case  of  twin  telephone  or  telegraph 
circuits  the  induced  E.M.F.  on  one  wire  will  tend  to  balance  the  other, 
so  that  the  net  effect  in  practice  is  quite  negligible. 

In  fig.  2  let  s  be  any  distance  in  the  direction  AD,  BD,  or  CD,  and  let 
ia,  ib,  ic  be  the  instantaneous  value  of  the  current  in  A,  B,  and  C  respectively. 

2^  2^  2ft 

The  flux-density  at  a  point  distant  s  from  either  is  — -a,  — b,  — c.  The  flux  in 

s  s  s 

an  elementary  length  ds  in  the  direction  of  s  and  of  1  centimetre  length  in 

ds  ds  ds 

the  direction  of  the  length  of  the  conductor  is  2 i&  — ,  2ih  — ,  2 ic  — . 
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The  total  number  of  lines  through  D  due  to  the  currents  in  A,  B,  and  C  is 

■°°ds 

'CD  ^ 


2  — +2  ih  f 

JXD  ^  jVbd  s 


00  ds  r 
-4-2  i  / 

0  jyt 


these 


If  we  chose  the  instant  when  the  phase  of  the  current  in  A  is  at  a 
maximum  and  call  the  value  of  it  I,  then  at  the  same  instant  the  current  in 

B  is  I  \  +  j  and  in  C  it  is  I  J  —  j  Substituting 

values  for  ia,  ih,  and  ic,  and  integrating,  we  have  for  the  flux  due  to  the 
three  currents  at  the  phase  chosen 

’  BD  .CD  .  /-  CD 
0g  AD2  + 1  V3  °g 


BD 


The  inductance  of  the  line  D  with  respect  to  A,  B,  and  C  is  therefore 

,  BD.CD  ,  .  CD 

log  — - j-  'j  V3  log  cms.  per  centimetre. 


/  BD  CD  cD\ 

01  l0g  — AT)2 - ^  /  ^3  log  — -J  X  10-9  X  160934  henry s  per  mile. 

Call  this  L,  then  the  flux  per  mile  of  line  is  IL,  and  the  D.P.  per  mile  is 
the  time  rate  of  change  of  the  flux,  which  for  sinuous  alternations  may  be 
represented  by  jl'pL,  where  p  =  2 nn  and  n  is  the  frequency  in  cycles 
per  second,  which  gives  the  D.P.  per  mile  of  line  both  in  magnitude  and 
phase. 

Fig.  4  shows  the  maximum  induced  voltage  per  mile  in  line  D  when 
the  current  in  A  is  at  its  maximum  and  of  the  magnitude  100  amperes 
(maximum  value). 

At  a  distance  of  25  ft.  it  will  be  seen  that  the  maximum  induced  E.M.F. 
amounts  to  1*88  volts  per  mile,  its  phase  relatively  to  that  of  A  is 
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327°  13',  whilst  relatively  to  the  earth  the  difference  of  potential  is 
0-585  volts  maximum,  and  its  phase  169°  8'.  If  there  be  a  return  circuit 
at  a  distance  of  26  ft.  from  the  centre-line  of  the  power  circuit  the 
induced  E.M.F.  is  by  computation  1-845  volts  and  its  phase  328°  52',  so 
that  the  induced  potential  difference  between  the  two  wires  is  0-064  volts 
per  mile  and  the  phase  271°  22'. 

It  is  interesting  to  find  the  value  of  the  electromagnetically  induced 
E.M.F.  in  the  wires  of  the  twin  service  telephone  circuit  already  referred 
to.  Taking  first  the  wire  in  the  position  for  which  the  electrostatically 
induced  E.M.F.  has  been  calculated,  we  have 


BD.CD  6-71  X  7-625  1  1 

~AD~  (11*625)““  “  2*64  °g  2434 

5S  =  S  =  1'136  l»g  1-^  =  0-1275 

Vs  X  0-1275  =  0-2208 


0-9708 


log 


BD.CD 

~4D^ 


-\-jVs  log 


CD 

BD 


—  0-9708  +  j  0-2208. 


Let  the  value  of  I  be  100  amperes,  and  let  n  =  50  cycles  per  second  ; 
then  p  —  27 m  =  314-16,  and  the  D.P.  induced  per  mile  of  the  wire  D  is 

j  x  100  X  314-16  (—  0-9708  -j-  j  0-2208)  160934  X  10~9 
=  5-056  (-  0-2208  -  j  0-9708) 

=  -  1*116  —  j  4-907 
=  5-03  /257°  IF  volts. 


The  maximum  value  of  the  electromagnetically  induced  E.M.F.  is  according 
to  the  above  calculation  5-03  volts  per  mile,  and  its  phase  is  257°  IF  at 
the  instant  when  the  phase  of  the  current  in  A  is  at  its  maximum. 

With  regard  to  the  other  telephone  conductor,  inasmuch  as  the  two 
are  symmetrically  placed  with  respect  to  the  centre-line  of  the  pole,  the 
induced  voltage  will  be  the  same,  but  the  two  induced  voltages  will  be 
different  in  phase,  so  that  there  will  be  a  potential  difference  between  the 
two  telephone-lines  at  any  particular  instant.  Calculating  the  induced 
voltage  as  before,  we  obtain  the  following  value — viz.,  5-03  j 282°  49'  volts 
per  mile — the  phase  being  relative  to  the  phase  of  conductor  A  as  a  datum. 
There  is  thus  a  difference  in  phase  between  the  two  telephone  conductors 
of  25°  38',  which  at  any  instant  gives  a  difference  between  the  two  con¬ 
ductors  of  2-1  volts  and  a  phase  of  155°  relatively  to  A,  so  that  the  full 
specification  of  the  potential  difference  between  the  two  lines  situated  as 
above  is  2-1  155°. 

The  Effect  of  Low  Power-factor  from  the  Standpoint  of  Electric-power- 
station  Operators,  bv  E.  E.  Stark. 

Along  with  the  benefits  of  the  alternating-current  system  are  some 
inherent  features  which  render  the  system  less  desirable  than  the  original 
direct-current  system.  These  objectionable  features  are  due  to  the  alter¬ 
nating  current  having  to  pass  through  a  circuit  surrounded  by  iron.  This 
causes  the  current  in  a  circuit  to  lag  behind  the  electro-motive  force  by  a 
time  element  which  is  sometimes  expressed  in  degrees. 

When  the  current  and  voltage  are  not  coincident  there  are  portions  of 
the  period  of  each  complete  wave  or  phase  in  which  the  apparatus  acts  as 
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a  motor,  and  then  others  in  which  it  acts  as  a  generator.  This  phenomenon 
is  noted  in  the  ordinary  steam-engine.  During  one  cycle  of  the  piston  of 
the  engine  the  steam  is  driving  the  piston  forward  ;  on  the  return  stroke 
one  side  of  the  piston  is  compressing  the  gas  which  is  in  the  cylinder,  and 
during  that  particular  portion  of  the  stroke  the  cylinder  is  being  acted  upon 
as  a  generator  of  power,  while  during  the  other  portion  of  the  stroke  it  is 
an  absorber  of  power  from  the  steam. 

The  following  are  the  effects  of  this  lag  of  current  behind  the  E.M.F.  of 
an  electric  transmission  system  : — 

(a.)  At  the  central-station  generator  the  field  of  the  machine  has  to  be 
increased  in  strength  to  deliver  the  proper  voltage  ; 

(. b .)  In  the  cables,  generator,  transformers,  and  switchboard  equipment 
the .  current  necessary  to  deliver  a  given  amount  of  energy  is 
higher  than  it  would  be  with  no  lag,  and  therefore  in  all  of  these 
there  is  a  large  amount  of  unnecessary  heating  ; 

(c.)  In  the  transmission-line  the  existence  of  a  larger  current  increases 
the  loss  in  transmission  ; 

( d .)  In  all  the  transformers  there  is  in  addition  to  the  heating  effect 
an  additional  loss  in  voltage  due  to  the  demagnetizing  effect  of 
a  lagging  current. 

Now,  the  problem  that  I  have  to  discuss  and  endeavour  to  solve  is  of 
a  triple  nature  :  (1)  Can  this  condition  be  corrected  ?  (2)  If  it  can  be 
corrected,  who  is  to  bear  the  expense  of  the  machinery  for  correcting  it  ? 
(3)  If  it  is  not  corrected,  who  shall  pay  for  the  additional  losses  and  extra, 
capacities  required  ? 

It  has  been  the  custom  for  the  alternating-current  supplier  in  endeavour¬ 
ing  to  compete  with  the  direct-current  supplier  or  with  the  steam  or  gas 
engine  to  neglect  these  points  and  represent  to  the  consumer  that  he  will 
pay  only  for  the  actual  energy  that  will  be  delivered  to  his  machine. 
However,  I  am  of  the  opinion  that  the  power-supplier  stands  in  a  relation 
to  the  consumer  slightly  different  from  that  of  the  seller  of  the  electrical 
machinery. 

In  making  a  scale  of  prices  on  actual  energy  used  the  effect  of  lagging 
current  has  been  heretofore  entirely  neglected  by  the  large  majority  of 
generating-station  engineers.  It  is  not  until  the  central-station  engineer 
comes  face  to  face  with  the  fact  that  he  has  an  overloaded  transformer, 
or  that  he  has  a  large  and  excessive  voltage-loss  on  his  lines,  or  that  his 
generator  is  loaded  up  with  wattless  and  non-paying  current,  that  he  begins, 
to  worry  about  a  means  of  correcting  these  conditions. 

In  order  to  correct  the  very  low  power-factor  of  a  certain  alternating- 
current  motor  the  manufacturers  used  condensers  made  of  tinfoil  and 
paraffin  paper,  which  were  connected  across  each  phase  of  the  lines.  To 
one  familiar  only  with  direct  current  the  use  of  these  condensers  was 
rather  an  eye-opener.  When  an  ammeter  was  put  in  the  circuit  between 
the  motor  and  the  main  supply  a  current  of  10  amperes  might  be  read  ; 
if  the  condenser  alone  were  put  on  the  circuit  the  current  would  also  be, 
say,  10  amperes.  Now,  when  both  the  motor  and  the  condenser  were 
inserted  in  the  same  circuit  in  parallel  the  current  was  in  the  neighbour¬ 
hood  of  5  amperes  instead  of  what  would  naturally  be  expected — viz.,  20. 
The  usual  trade  explanation  of  this  was  that  the  condenser  supplied  the 
motor  with  the  wattless  or  non-energy-producing  portion  of  the  current. 

Now,  from  a  study  of  the  catalogues  and  of  the  motors  themselves  it  4 
is  easy  to  observe  that  the  power-factor  decreases  with  a  decrease  of  load  : 
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there  will  be  20,  30,  40,  and  even  60  per  cent,  of  wattless  current  when  the 
motors  of  the  standard  makers  are  operating  on  partial  loads. 

Recently  a  large  slow-speed  motor  was  installed  on  the  Christchurch 
system,  which  for  the  major  portion  of  its  time  is  operating  on  nearly 
one-third  or  one-quarter  load.  This  particular  motor  is  giving  us  a  wattless 
current  of  close  on  60  per  cent,  and  a  power  current  of  40  per  cent.  :  the 
real  energy  registered  on  the  Council’s  wattmeter  and  bringing  in  the  income 
is  only  40  per  cent,  of  the  apparent  energy  taken  by  the  motor. 

Another  indication  of  this  is  noted  on  the  substation  at  Montreal  Street, 
where  there  is  at  present  1,000  kilowatt  capacity  in  transformers.  There 
is  a  1,350  kilovolt-ampere  load  and  an  actual  energy-  or  revenue-producing 
load  of  900  kw.  This  is  due  to  the  large  aggregate  of  induction  motors 
connected  to  the  line  running  at  fractions  of  a  full  load. 

Several  years  ago,  owing  to  an  amalgamation  of  companies,  the  prac¬ 
tice  of  using  condensers  in  parallel  with  the  induction  motor  was  abandoned. 
Now,  I  claim  that  the  large  manufacturing  companies  have  not  done  their 
duty  to  the  central-station  companies  for  some  years,  in  that  they  should 
have  sold  condensers  with  each  alternating-current  motor  but  have  not 
done  so.  Some  manufacturing  companies  are  now  energetically  advocating 
the  use  of  synchronous  motors,  condensers,  and  phase-advancers  to  correct 
this  troublesome  condition.  My  idea,  however,  is  that  the  conditions 
should  be  corrected  by  the  consumer  himself  at  the  motor,  and  not 
have  a  current  of  low  power-factor  go  through  the  transmission-lines  and 
the  meter  to  some  station  near  by  where  synchronous  motors  or  condensers 
are  to  be  installed  The  real  blame  of  getting  his  plant  in  this  condition 
would  naturally  come  back  on  the  central-station  supplier,  as  he  has  been 
so  blinded  by  his  desire  to  get  load  that  he  has  omitted  to  insist  that  the 
manufacturers  furnish  motors  which  will  not  give  such  low  power-factors. 
The  result  is  that  his  prices  for  current  are  at  variance  with  the  actual 
current  taken  up  by  the  consumer  from  the  lines  :  there  are  consumers 
whose  load  gives  a  power-factor  of  60  per  cent.,  others  40  per  cent.,  and 
others  again  95  or  even  100  per  cent.  All  these  consumers  are  charged 
a  uniform  rate.  This  is  not  just  to  the  consumer  giving  a  load  of  a  high 
power-factor.* 

I  have,  therefore,  to  suggest  to  the  central-station  supplier  that  the 
charge  should  be  made  upon  the  current  taken,  irrespective  of  whether  it 
is  power-producing  current  or  wattless  current. 

Several  months  ago  the  New  Zealand  Public  Works  Department  sent 
out  a  circular  letter  to  all  the  meter-manufacturers  and  asked  for  meters 
which  would  record  the  wattless  as  well  as  the  energy  current  on  lines. 
The  replies  that  came  described  combinations  of  energy  and  wattless-current 
meters,  and  showed  very  expensive  instruments.  All  the  meter-manufac¬ 
turing  companies  seemed  to  forget  that  the  first  meters  that  were  on  the 
market,  of  the  type  of  the  old  Shallengerger  meter,  were  of  very  simple 
design  and  would  record  the  whole  current.  The  indications  of  such  meters, 
if  multiplied  by  the  voltage  of  the  system,  would  give  kilovolt-ampere- 
hours  instead  of  kilowatt-hours  or  the  units  usually  recorded  by  the 
present  systems. 


*  The  following  table  shows  the  heating  effect  of  current  at 
with  energy -supply  constant : — 

various 

power -factors 

Power -factor 

Iff) 

0-9  0-8 

0-7 

0-6 

0-5 

Current  in  circuit  (per  cent.). . 

100 

111  125 

143 

167 

200 

Additional  heating  effect  (per  cent.)  . . 

0 

23  56 

105 

178 

300 
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I  suggest  for  discussion  the  adoption  of  a  system  of  charging  power- 
users  based  on  the  kilovolt-amperes  in  place  of  the  kilowatts.  If  it  is 
desired  not  to  raise  the  price  for  electricity,  but  only  to  equalize  the 
rates,  an  average  power-factor  could  be  taken  or  assumed  on  a  given 
system  and  a  reduction  made.  Let  us  say  for  our  particular  system 
that  we  have  an  average  power-factor  of  65  per  cent.  We  can,  therefore, 
take  our  present  prices  for  power  and  reduce  them  by,  say,  15  to  20  per 
cent.,  and  then  charge  by  the  kilovolt-ampere-hour  ;  and  the  consumer 
with  a  low  power-factor  might  find  it  a  payable  investment  to  install  a 
correcting  device  of  his  own.  The  power  company  supplying  lagging 
current  is  not  entirely  compensated  even  when  the  consumer  pays  for 
kilovolt-ampere-hours  at  ordinary  rates. 


National  Hydro-electric  Schemes  for  New  Zealand,  by  H.  Hill. 

Press  Notice  ( The  Press). 

Mr.  Hill  stated  that  so  small  indeed  was  the  known  quantity  of  coal  available  in 
this  country  compared  with  what  was  known  to  exist  in  Great  Britain  that  if  used  at 
the  same  rate  as  the  present  annual  British  supply  of  280,000,000  tons  the  entire  coal¬ 
fields  of  the  Dominion  would  be  worked  out  in  four  years  If  coal  was  indispensable 
to  the  maintenance  of  high  industrial  efficiency  in  a  country,  as  was  once  supposed  to 
be  the  case,  New  Zealand  could  not  hope  to  reach  the  standard  by  reason  of  the  dearth 
of  its  coal  deposits.  But,  if  scientific  knowledge  was  worth  the  having,  our  industrial 
and  economic  positions  were  assured.  What  was  lacking  in  coal  was  more  than  pro¬ 
vided  for  in  the  lakes,  the  rivers,  and  the  waterfalls  distributed  throughout  the  country. 
The  future  of  New  Zealand  depended  in  a  large  measure  upon  the  utilization  of  its  stored 
waters  for  national  development.  Owing  to  the  large  non-productive  amount  of  money 
spent  upon  the  war  and  the  heavy  liabilities  incurred  thereby,  some  development  work 
would  be  called  for  with  a  view  to  increasing  the  annual  output  of  the  country.  Prices 
such  as  were  being  paid  for  New  Zealand  products  could  not  continue  at  their  present 
high,  almost  phenomenal,  rates,  so  that  unless  production  increased  with  us  a  lowering 
of  prices  would  cause  distress  and  possibly  disorder.  Under  such  circumstances  it  was 
to  the  highest  interest  of  the  State  to  adopt  plans  that  would  cause  an  easement  in  some 
line  of  domestic  or  industrial  use.  If,  for  example,  the  community  had  had  to  use  coal 
and  oil  and  gas  for  domestic  or  other  use,  and  a  new  power  could  be  found  whereby 
coal,  gas,  and  oil  could  be  set  aside,  to  the  advantage  of  all,  the  undertaking  should 
be  carried  out  without  delay.  Mr.  Hill  referred  to  the  beneficial  effects  of  hydro¬ 
electric  power,  and  said  with  monopoly  at  its  back  it  was  difficult  to  understand  why 
there  should  be  so  much  delay  in  formulating  a  national  electrical  scheme  for  the 
Dominion.  Mr.  E.  Parry’s  grand  North  Island  scheme  should  be  undertaken  forth¬ 
with,  the  work  to  include  the  electrification  of  the  East  Coast  Hailway.  The 
people  in  the  South  Island  should  insist  on  a  national  scheme  for  national  benefits, 
as  in  the  case  of  the  railways.  National  schemes  for  each  Island  might  cost  a 
large  sum,  but  the  money  spent  would  be  reproductive,  and  would  not  actually  add  to 
the  public  debt.  It  was  urged,  therefore,  that  each  Island  should  come  under  a 
Water-power  Board  acting  for  the  Government,  but  independent  of  it  and  of  political 
influences. 


Photographs  of  the  Solar  Corona,  by  C.  E.  Adams. 

Through  the  kindness  of  Dr.  W.  W.  Campbell,  Director  of  the  Lick 
Observatory,  Mount  Hamilton,  California,  the  Hector  Observatory  has 
received  a  very  valuable  gift  of  three  photographs  on  glass  of  the  solar 
corona.  The  photographs  were  taken  by  the  Crocker  Eclipse  Expedition 
of  the  Lick  Observatory  on  the  8th  June,  1918,  at  the  total  eclipse  of  the 
sun.  The  expedition  was  located  very  close  to  the  central  line  of  the 
shadow,  at  Goldendale,  Washington,  in  longitude  8  h.  3  m.  west  of  Green¬ 
wich  and  latitude  45°  49'  north.  The  photographs  were  taken  on  10  in. 
by  12  in.  plates  with  a  40  ft.  camera  pointed  directly  at  the  sun,  and  the 
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three  copies  on  glass  are  also  on  10  in.  by  12  in.  plates  The  particulars 
of  the  photographs  are — 

No.  1  :  Exposure  J  s.,  at  0  m.  2  s.  of  totality.  Diameter  of  image, 
4*65  in. 

No.  2  :  Exposure  4  s.,  at  0  m.  21  s. — 25  s.  of  totality  Diameter  of 
image,  4-8  in. 

No.  3  :  Exposure  2  s.,  at  1  m.  50  s. — 52  s.  of  totality.  Diameter  of 
image,  5T  in. 


The  Solar  Corona,  8th  June,  1918;  Goldendale,  Washington,  U.S.A. 

Crocker  Eclipse  Expedition,  Lick  Observatory,  University  of  California.  Camera,  40  ft. 

Exposure,  J  second,  at  0m.  2s.  of  totality. 

The  figure  is  from  No.  1  photograph,  but  does  not  show  all  the  fine 
detail  of  the  original: 

Ten  exposures,  varying  from  as  short  as  possible  up  to  32  s.,  were  taken 
with  the  40  ft.  camera. 

The  coronal  streamers  are  shown  with  greater  sharpness  than  at  any 
preceding  eclipse  observed  by  the  Lick  Observatory. 
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Very  full  data  for  the  observation  of  the  eclipse  were  published  by 
the  Nautical  Almanac,  and  some  months  before  the  eclipse  Professor 
R.  H.  Tucker  observed  the  position  of  the  moon  with  the  meridian  circle 
of  the  Lick  Observatory  and  found  it  very  slightly  ahead — about  20  s.  of 
the  predicted  place  in  its  orbit.  The  total  phase  of  the  eclipse  actually 
occurred  3  s.  later  than  the  Lick  Observatory  prediction — that  is,  17  s.  of 
time  in  advance  of  the  Nautical  Almanac  prediction. 

The  computed  duration  of  totality  was  1  m.  57-3  s.,  while  the  observed 
duration  was  1  m.  57*4  s.  Attempts  were  made  to  test  the  Einstein  and 
relativity  effects  by  photographing  the  stars  near  the  sun,  when  stars 
fainter  than  the  eighth  magnitude  were  recorded  on  the  plates.  It  is  hoped 
that  evidence  may  be  obtained  of  the  effect  of  the  sun  on  rays  of  light ; 
and  by  comparing  photographs  taken  of  the  same  region  when  the  sun  is 
not  there  interesting  results  are  expected. 

The  Lick  Observatory  had  exceptionally  good  luck  at  this  eclipse  : 
the  whole  observing  programme  was  carried  out  with  complete  success, 
and  the  sky,  which  had  been  completely  cloudy  all  day,  cleared  up  less 
than  1  m.  before  totality  began,  and  remained  cleared  until  a  few  seconds 
after  the  end  •  of  totality.  The  small  region  of  unclouded  sky  containing 
the  totally  eclipsed  sun  seemed  to  be  quite  clear,  and  was  the  bluest  sky 
seen  by  the  expedition.  Equally  important,  the  atmosphere  during 
totality  was  very  tranquil ;  the  seeing  was  excellent. 

Dr.  Campbell  lays  very  strong  stress  on  the  great  importance  in  future 
eclipse  expeditions  of  studying  the  weather  conditions  at  the  time  of  day 
totality  takes  place,  as  many  local  peculiarities  may  be  overlooked  if  the 
weather  observations  are  taken  at  other  times  of  the  day.  He  urges  that 
these  observations  should  be  taken  for  some  years  in  advance  of  each 
observable  eclipse.  It  is  hoped  that  for  the  eclipse  in  September,  1922, 
across  Australia  such  observations  will  be  undertaken,  along  the  line  of 
totality,  during  the  month  of  September  in  1919,  1920,  and  1921. 


Determination  of  the  Position  of  the  Moon  by  Photography,  by  C.  E. 

Adams. 

Abstract. 

An  exhibit  was  made  of  photographs,  taken  at  the  Lick  Observatory, 
of  the  moon  and  surrounding  stars,  to  determine  with  great  accuracy  the 
position  of  the  moon.  This  work  was  undertaken  to  enable  Professor 
R.  W.  Brown,  the  eminent  mathematical  astronomer  at  Yale,  to  check  his 
new  tables  of  the  moon.  On  the  original  plates  stars  as  faint  as  the  tenth 
magnitude  were  successfully  photographed  at  full  moon.  The  exposures 
were  usually  4  minutes  on  the  stars,  then  J  second  on  the  moon,  and  then 
another  4  minutes  on  the  stars.  The  excellent  star-images  secured  speak 
well  of  the  Crossley  reflector  telescope,  which  was  driven  without  any 
guiding,  and  the  photographs  prove  that  the  position  of  the  moon  and 
terrestrial  longitude  can  be  determined  with  high  precision. 


The  Almucantar  Method  of  Observations  for  the  Determination  of  Time 
and  Latitude,  by  C.  E.  Adams. 


A  Nomogram  for  Transit  Instrument  Star  Factors,  by  C.  E.  Adams. 
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Section  4. — General. 

Moriori  Art,  by  H.  D.  Skinner. 

Press  Notice  ( Lyttelton  Times). 

Mr.  H.  D.  Skinner,  Lecturer  on  Ethnology  at  the  University  of  Otago,  introduced 
his  lecture  on  the  material  culture  of  the  Morioris  by  saying  that  the  Moriori  people, 
who  inhabited  the  Chatham  Islands  in  pre-European  times,  were  virtually  extinct, 
a  result  of  the  massacres  which  followed  the  Maori  invasion  of  the  group  in  1835. 
Almost  the  whole  of  first-hand  information  about  the  Morioris  was  due  to  the  work 
of  Mr.  Alexander  Shand,  one  of  the  greatest  of  all  those  who,  in  the  last  century  and 
a  half,  had  done  ethnological  field-work  in  the  Pacific.  Moriori  traditions  preserved 
by  Mr.  Shand  stated  that  their  ancestors  came  to  the  Chathams  more  than  seven 
centuries  ago  from  a  land  that  there  was  no  difficulty  in  recognizing  as  New  Zealand, 
and  that  since  that  time  they  had  been  completely  isolated.  As  the  Chathams  pro¬ 
duced  no  trees  large  enough  for  canoes  to  be  made  from  them,  the  claim  to  isolation 
might  safely  be  allowed.  The  special  interest  of  Moriori  material  culture  lay  in  the 
light  it  threw  on  the  history  of  Maori  material  culture  and  art.  jk 

In  his  opinion,  New  Zealand,  in  pre-European  time,  was  divided  into  two  culture 
regions,  whose  boundaries  coincided  in  a  general  way  with  those  of  the  two  Islands. 
Between  these  two  regions  was  a  broad  intermediate  area  where  the  two  cultures 
blended.  This  division  into  two  regions  was  based  solely  on  the  evidence  of  material 
culture  and  art,  but  it  was  believed  that  a  considerable  amount  of  evidence  in  support 
might  in  future  be  drawn  from  the  study  of  Maori  dialects,  and  perhaps  from  the  study 
of  the  physical  characteristics  of  the  Maori  tribes. 

Moriori  material  culture  might  be  looked  on  as  a  fragment  of  the  southern  culture 
of  New  Zealand.  In  one  or  two  respects — for  example,  the  peculiar  wash-through 
boat — it  had  developed  features  of  the  parent  culture  until,  to  a  superficial  view,  they 
appeared  entirely  new.  But  even  these  could  be  traced  to  a  New  Zealand  source, 
while  in  very  many  classes  of  manufactured  article  it  was  not  possible  to  distinguish 
the  Chatham  Island  article  from  that  made  in  Otago.  They  thus  had  proof  that  seven 
centuries  ago,  when  the  Morioris  left  New  Zealand,  the  southern  culture  of  New 
Zealand  had  developed  most  of  the  features  it  presented  at  the  beginning  of  the  nineteenth 
century.  The  Moriori  evidence  proved  that  the  difference  between  the  two  culture 
regions  in  New  Zealand  was  ancient. 

It  seemed  not  impossible  that  future  investigations  would  indicate  a  relationship 
between  the  northern  culture  and  the  material  culture  of  the  Western  Pacific, 
especially  of  the  Solomons  and  the  islands  and  coasts  north-west  of  them.  The 
southern  culture,  on  the  other  hand,  seemed  to  find  its  nearest  relationship  in  the 
material  culture  of  Easter  Island.  It  seemed  probable  that  that  culture  had  been 
obliterated  in  intermediate  islands  by  later  waves  of  migration  and  by  the  influence  of 
intercommunication. 

The  lecture  was  illustrated  by  lantern-slides  showing  the  arts  and  crafts  of  the 
Morioris.  Comparative  slides  demonstrated  their  close  relationship  with  the  arts  and 
crafts  of  the  South  Island  of  New  Zealand. 

Some  Notes  on  the  Language  of  the  Chatham  Islands,  by  Archdeacon 
H.  W.  Williams. 

(This  paper  will  appear  in  the  Transactions.) 

The  Natural  Laws  of  Poetry,  by  J.  C.  Andersen. 

The  essential  difference  between  poetry  and  prose  is  not  so  much  in 
spirit  as  in  mechanism.  The  difference  is  not  in  the  arrangement  of  the 
words,  or  even  in  the  loftiness  of  the  thought  expressed  ;  #and  consequently, 
unless  the  two  are  presented  on  the  printed  page  in  a  different  way,  the 
reader  is  at  first  unable  to  say  whether  poetry  or  prose  is  intended.  If 
rimed ,  the  riming  words  will,  of  course,  quickly  give  the  indication,  even 
though  the  words  be  run  on  without  linear  division,  as  in  some  space¬ 
saving  German  editions  ;  so  will  the  presence  of  poetic  diction  ;  but  many 
batches  of  blank  verse,  if  printed  as  prose,  will  be  read  as  prose.  The 
concluding  paragraph  of  44  The  Dream,”  by  Byron,  for  instance,  might 
well  pass  for  prose.  It  runs  : — 

It  was  of  a  strange  order,  that  the  doom  of  these  two  creatures  should  be  thus 
traced  out  almost  like  a  reality- — the  one  to  end  in  madness — both  in  misery. 
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Upon  reading  this,  one  is  not  in  the  least  inclined  to  stop  suddenly  in  the 
reading  and  say,  “  Oh,  but  this  is  poetry  ”  ;  yet  it  is  intended  as  blank 
verse.  Written  as  blank  verse,  it  is  read  in  quite  a  different  way : — 

It  was  of  a  strange  order,  that  the  doom 
Of  these  two  creatures  should  be  thus  traced  out 
Almost  like  a  reality — the  one 
To  end  in  madness — both  in  misery. 

It  is  now  divided  into  four  lines  or  verses,  each  containing  five  definite 
units  or  periods  ;  and  so  definite  are  these  periods  that  once  a  few  of  them 
have  been  heard  the  beat  of  the  succeeding  ones  can  be  anticipated.  This 
definite  recurrence  is  altogether  absent  from  prose.  The  rhythm  of  prose 
is  irregular  and  unobtrusive  ;  the  rhythm  of  poetry  is  regular  and  obtru¬ 
sive.  The  outward  indication  that  the  matter  is  to  be  read  as  poetry  is 
the  printing  of  the  words  in  lines  and  stanzas  of  regular  but  apparently 
indefinite  lengths. 

Prose,  as  a  rule,  appeals  to  the  intellect,  poetry  to  the  emotions ;  and, 
in  oratory,  as  the  sentiments  become  more  emotional  the  language  tends 
to  become  more  regularly  rhythmical.  This  is  well  seen  in  the  appeals  of 
Brutus  and  Mark  Antony  to  the  populace,  in  “Julius  Caesar.”  So  marked 
is  the  effect  of  rhythm  on  the  emotions  that  the  lilt  of  a  stanza  even  in 
a  foreign  tongue  gives  pleasure. 

The  first  regular  and  most  readily  discerned  division  is  that  marked 
by  the  rime  in  lyric  poetry.  There  is  a  regular  succession  of  sentences, 
the  ends  being  indicated  by  the  rimes. 

There  blew  a  drowsy,  drowsy  wind,  deep  sleep  upon  me  fell, 

The  Queen  of  Fairies  she  was  there  and  took  me  to  hersel. 

Here  each  sentence  forms  a  verse,  and  the  verses  rime  in  pairs.  It  will 
be  noted,  however,  that  besides  the  pause  at  the  rime  there  is  a  minor 
pause  in  each  verse  that  divides  the  sentence  of  which  it  is  composed  into 
two  clauses : — 

There  blew  a  drowsy,  drowsy  wind,  deep  sleep  upon  me  fell, 

The  Queen  of  Fairies  she  was  there  and  took  me  to  hersel. 

Advantage  is  taken  of  this  pause  in  printing  ;  the  verse  is  divided  into 
two  parts,  so  that  the  above  verses,  when  printed,  are  printed  in  four  lines, 
making  the  common  four-lined  stanza  with  which  we  are  so  familiar.  And, 
as  the  rime  usually  marked  the  end  of  the  verse,  when  the  verse  was 
broken  into  lines  the  ends  of  all  the  lines  were  often  tagged  with  rimes, 
the  result  being  in  this  case  the  cross-rimed  four-lined  stanza  :- — 

Bid  me  to  live,  and  I  will  live 
Thy  protestant  to  be  ; 

Or  bid  me  love,  and  I  will  give 
A  loving  heart  to  thee. 

Further,  as  the  rimes  appeared  at  pauses,  the  multiplying  of  the  pauses 
in  the  grammatical  construction  often  meant  the  multiplication  of  the 
nnies  * _ 

The  fair  breeze  blew,  the  white  foam  flew. 

The  furrow  followed  free  ; 

We  were  the  first  that  ever  burst 
Into  that  silent  sea. 

Still  smaller  pause  divisions  are  indicated  in  Browning’s 

How  sad  and  mad  and  bad  it  was, 

But  then  how  it  was  sweet. 

Apparently,  then,  the  first  great  subdivision,  the  verse,  resolves  itself 
into  quite  a  number  of  smaller  subdivisions.  In  the  foregoing  examples 
the  subdivisions  are  rendered  apparent  by  the  rimes  ;  but  even  in  the 
absence  of  rimes  there  is  a  recurrence  almost  as  palpable — a  recurrence  of 
24 — Science. 
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accents  ;  and  the  rimes  gain  much  of  their  power  through  coinciding  with 
these  accents. 

In  ordinary  speech  certain  words,  or  parts  of  words,  are  singled  out  by 
being  accented  ;  and  the  fluctuations  produced  in  the  flow  of  speech  bv 
the  continuous  alternation  of  accented  and  non-accented  syllables  are 
readily  detected  by  the  ear.  It  is  noticed,  too,  how  a  word  accented  at 
one  time  may  be  unaccented  at  another  :  the  accents  constantly  vary  as 
the  thoughts  vary,  weaving  a  rude  species  of  accentual  rhythm  that  has 
no  perceptible  regularity.  In  obedience,  however,  to  some  law,  when  the 
speech  becomes  emotional  the  accents  appear  to  group  themselves  at  more 
regular  intervals  ;  and  when  the  speech  becomes  poetry  the  regularity  be¬ 
comes  absolute.  The  accentual  rhythm  accords  with  a  rhythm  that  has  been 
awakened  in  the  speaker  and  in  the  listener  :  it  has  become  metrical.  The 
accents  are  largely  independent  of  ordinary  word  accents  :  they  accentuate, 
in  fact,  not  the  words,  but  a  rhythm  upon  which  the  words  float. 

An  illustration  may  be  given  from  a  work  that  is  professedly  prose  in 
form — the  novel  Lorna  Doone : — 

Then  the  woods  arose  in  folds,  like  drapery  of  awakened  mountains,  stately 
with  a  depth  of  awe  and  memory  of  the  tempests.  Autumn’s  mellow  hand  was 
on  them,  as  they  owned  already,  touched  with  gold,  and  red,  and  olive  ;  and 
their  joy  towards  the  sun  was  less  to  a  bridegroom  than  a  father. 

Yet  before  the  floating  impress  of  the  woods  could  clear  itself,  suddenly 
the  gladsome  light  leaped  over  hill  and  valley,  casting  amber,  blue,  and  purple, 
and  a  tint  of  rich  red  rose,  according  to  the  scene  they  lit  on,  and  the  curtain 
flung  around  ;  yet  all  alike  dispelling  fear  and  the  cloven  hoof  of  darkness,  and 
all  the  wings  of  hope  advancing,  and  proclaiming  God  is  here.  Then  life  and 
joy  sprang  reassured  from  every  crouching  hollow  ;  every  flower,  and  bud,  and 
bird  had  a  fluttering  sense  of  them  ;  and  all  the  flashing  of  God’s  gaze  merged 
into  soft  beneficence. 

So  perhaps  shall  break  upon  us  that  eternal  morning,  when  crag  and  chasm 
shall  be  no  more,  neither  hill  nor  valley,  nor  great  unvintaged  ocean  ;  when  glory 
shall  not  scare  happiness,  neither  happiness  envy  glory  ;  but  all  things  shall  arise 
and  shine  in  the  light  of  the  Father’s  countenance,  because  itself  is  risen. 

In  this  quotation  the  beautiful  rhythm  that  throbs  throughout  the  book 
trembles  on  the  verge  of  metre,  and  in  parts  surrenders  itself  entirely  to 
metre.  The  phrase 

Then  the  woods  arose  in  folds 

is  more  than  prose  ;  it  is  a  half-catch  at  lyric  ;  and  it  rounds  to  full  lyric  in 
Stately  with  a  depth  of  awe  and  memory  of  the  tempests 
and  again  in 

Suddenly  the  gladsome  light  leaped  over  hill  and  valley  .  .  . 

Yet  all  alike  dispelling  fear  and  the  cloven  hoof  of  darkness  .  .  . 

Then  life  and  joy  sprang  reassured  fiom  every  crouching  hollow  .  .  . 

So  perhaps  shall  break  upon  us  that  eternal  morning, 

When  crag  and  chasm  shall  be  no  more,  neither  hill  nor  valley, 

Nor  great  unvintaged  ocean. 

Is  it  not  palpable  that  prose  has  almost  been  abandoned  ?  Yet  it  is  not 
in  the  poetry  of  the  words  only,  nor  is  it  in  the  poetry  of  the  words  chiefly, 
that  this  abandon  lies.  There  are  passages  as  beautiful  in  Lorna  Doone 
which  are  yet  not  as  metrical.  How  is  the  metrical  effect  brought  about  ? 
Is  it  by  the  division  of  the  passage  into  sentences  of  approximately  equal 
length  ?  Not  altogether ;  though,  as  seen  in  the  earliest  ballads,  the 
sentences,  forming  the  lines  or  verses,  are  equal  in  length.  But  there  is 
another  rhythm  within  the  lines  themselves. 

In  what  do  the  two  following  sentences  differ  ? 

I  could  not  see  what  her  face  was,  my  heart  so  awoke  and  trembled, 


and 


Yet  all  alike  dispelling  fear  and  the  cloven  hoof  of  darkness. 
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Each  contains  sixteen  syllables,  and  both,  in  part,  sway  to  the  same 
rhythm,  yet  on  the  first  reading  the  first  line  is  unmetrical,  the  second 
completely  metrical.  In  counting  the  natural  accents,  it  is  found  that  the 
first  has  eight : — 

I  could  not  see  what  her  face  was,  my  heart  so  awoke  and  trembled  ; 
the  second  has  seven  : — 

Yet  all  alike  dispelling  fear  and  the  cloven  hoof  of  darkness. 

In  the  first  line  two  accents  come  together  on  the  words  44  face  was,”  and 
two  on  the  words  “  heart  so  ”  ;  in  the  second  line  the  accents  are  separated 
by  an  unaccented  syllable,  and  in  one  instance  by  two  unaccented  syllables. 
Rearrange  the  accents  in  the  first  line  so  as  to  accord  with  the  arrange¬ 
ment  in  the  second,  removing  the  accent  from  “  face  ”  to  “  her,”  and 
omitting  the  accent  on  44  so  ”  :  in  both  lines  the  accents  are  then  separated 
by  one  unaccented  syllable,  and  in  one  instance  by  two,  and  both  lines  are 
perfectly  metrical : — 

I  could  not  see  what  her  face  was,  my  heart  so  awoke  and  trembled  ; 

Yet  all  alike  dispelling  fear  and  the  clbven  hoof  of  darkness. 

The  accent  on  the  44  her  ”  is  crude,  no  doubt,  but  the  metrical  effect  has 
been  brought  about.  Is  this  effect,  then,  due  to  the  fact  that  an  evenness 
of  flow  has  been  brought  about  by  the  distribution  of  syllables  so  that 
every  accented  syllable  is  accompanied  by  an  unaccented  syllable  ?  This 
is  not  the  full  explanation,  though  it  is  the  explanation  that  was  accepted 
for  many  years,  and  is  still  accepted  by  a  large  class  of  writers  and  readers. 
But  in  the  two  lines  above  there  are  two  accented  syllables  accompanied 
each  by  two  unaccented  syllables  :  44  my  heart  so  awoke,”  and  44  dispelling 

fear  and  the  cloven  hoof.”  If  the  words  are  read  aloqd,  however,  it  will 
be  observed  that  there  is  an  inclination  to  say  44  so  woke  ”  instead  of  44  so 
awoke,”  or  at  least  to  say  44  so  awoke  ”  in  the  same  time  that  would  be 
occupied  in  saying  44  so  woke  ” — in  the  same  time,  that  is,  that  would  be 
occupied  in  saying  44  my  heart,”  or  44  I  could,”  or  44  not  see.”  Here  the 
clue  is  picked  up  :  unconsciously  the  reader  gives  to  the  accents  not  an 
equal  number  of  syllables,  but  equal  time-spaces  ;  so  that  if  time  were 
beaten  with  the  foot  the  accents  would  fall  regularly  on  the  beats.  More  ; 
once  this  beat  has  been  perceived  by  the  subconsciousness,  sentences 
ordinarily  unmetrical  will  be  accommodated  to  the  pulsations,  and  become, 
for  the  time  being,  metrical ;  so  that  after  the  metrical  sentence 

Then  life  and  joy  sprang  reassured  from  every  crouching  hollow 

the  sleeping  metre  awakens  in  the  line 

And  spread  with  that  young  blue  which  never  lives  beyond  the  April. 

And  I  will  engage  that,  whilst  on  a  first  reading,  or  a  second,  or  a  third, 
or  until  the  metrical  feeling  has  been  awakened,  the  lines  beginning 

Suddenly  the  gladsome  light  leaped  over  hill  and  valley 

will  be  read  as  prose,  the  reader  will,  once  the  metre  has  been  perceived, 
lose  all  feeling  of  prose,  and  gain  a  feeling  of  wonder  that  the  poetic  metre 
was  so  long  hidden.  Another  short  quotation  may  be  given  — 

Thel  answered,  0  thou  little  virgin  of  the  peaceful  valley 
Giving  to  those  that  cannot  crave,  the  voiceless,  the  o’er-tired, 

Thy  breath' doth  nourish  the  innocent  lamb  ;  he  smells  thy  milky  garments, 

He  crops  thy  flowers,  whilst  thou  sittest  smiling  in  his  face  . 

These  verses  are  from  Blake’s  Book  of  Thel,  and  they  are  printed  as  poetry  ; 
and  Blackmore’s  lines,  which  are  every  whit  as  poetical,  are  printed  as 
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prose.  The  chief  difference  is,  Blackmore’s  are  not  consistently  metrical  ; 
so  that  it  is  evident  that  the  difference  between  poetry  and  prose  is  not  so 
much  in  spirit  as  in  mechanism. 

A  sentence  is  metrical,  then,  when  the  words  of  the  sentence  are  marked 
off,  are  measured  off,  by  the  accents.  The  accents  mark  off  certain  pulsa¬ 
tions  that  are  regular  as  the  beating  of  the  heart.  Between  the  accents 
lie  periods  of  time,  each  period  comparatively  equal  to  the  periods 
immediately  preceding  and  succeeding,  and  in  these  periods  are  contained 
a  greater  or  less  number  of  syllables  ;  or  the  period  may  be  altogether 
silent.  In  poetry,  therefore,  a  second  rhythm  makes  its  appearance — a 
rhythm  so  powerful  that,  as  has  been  observed,  a  foreign  language  is  able 
to  give  pleasure  when  floating  on  its  pulsations  ;  so  powerful  that  it 
modifies  the  flow  of  ordinary  speech,  compelling  regularity  where  there 
was  previously  little  or  none.  Underlying  the  audible  rhythm  of  poetical 
speech  there  is  an  inaudible  rhythm  of  time,  and  it  is  with  this  temporal 
measured  rhythm  that  the  speech  has  been  brought  into  unison.  The 
accents  of  the  words  now  form  regular  pulsation,  and  such  pulsation 
coincides  with  the  pulsations  of  the  underlying  temporal  rhythm.  The 
accents  come,  as  it  were,  on  the  wave-crests  of  the  temporal  rhythm ;  and 
the  union  of  the  two  is  so  powerful,  creating  what  will  be  called  a  stress, 
that  an  ordinary  verbal  accent  may  come  between  two  metrical  stresses 
without  destroying  the  regularity  created  by  them  ;  further,  the  verbal 
accent  which  .should  coincide  with  the  temporal  wave-crest  may  be 
altogether  absent  and  still  the  regularity  persists.  When  the  underlying 
rhythm  is  disregarded,  prose  results.  The  following  is  an  example  of 
modern  Imagist  poetry  : — - 

Where  is  Jehovah,  the  God  of  Israel,  with  his  Ark  and  his  Tabernackle  and  his 
Pillar  of  Fite  ? 

He  ought  to  be  here — this  place  would  suit  him. 

Here  is  a  people  pouring  through  a  wilderness — 

Here  are  armies  camped  in  a  desert — - 

Their  little  tents  are  like  sheep  flocking  over  the  prairie — 

It  is  all  in  the  style  of  the  God  of  Israel. 

Why  has  this  been  printed  in  lines,  irregular  lines  though  they  are,  as 
though  it  were  poetry  ?  The  underlying  rhythm  is  altogether  absent  :  it 
is  sheer  prose.  The  following,  also  a  modern  example  of  a  partial  revolt 
against  poetic  form,  is  a  little  more  poetic  in  thought : — 

O  you 

Who  bow  down  and  worship 
Before  the  great  god  Form, 

Has  it  ever  chanced 

Upon  a  sultry  summer’s  afternoon 

You  wandered 

Down  a  country  lane 

And  lighted 

On  a  six -pe tailed  dog-rose  ? 

And  was  its  scent  less  sweet, 

Or  shape  less  perfect, 

Than  those 
That  bloomed 
Correctly 
In  the  hedge  ? 

Or  did  you  pluck  it 
From  the  rest 
And  throw  it 
Impatiently 
Upon  the  road 
And  say 
Its  creator 

Should  have  given  it  but  five  ? 
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Again,  what  is  this  but  prose  ?  We  do  not  recognize  a  rose  altogether 
by  the  number  of  its  petals,  nor  a  stanza  by  the  number  of  its  lines.  The 
underflowing  rhythm  is  absent  :  it  does  not  cause  the  matter  to  fall  into 
balanced  sentences  like  Blackmore’s  lines,  and  these,  beautiful  as  they  are, 
are  not  strictly  regarded  as  poetry. 

Since  the  absence  of  the  underflowing  rhythm  denies  the  name  of 
poetry  to  poetical  prose,  it  is  evident  that  when  we  say  that  poetry  is 
metrical  it  is  this  underflowing  temporal  rhythm  that  is  measured,  and 
that  its  units  of  measurement  will  be  the  units  of  measurement  of  poetry. 
The  smallest  unit  of  the  temporal  rhythm  is  a  single  pulsation  ;  and, 
whilst  this  has  no  audible  or  visible  existence  of  its  own,  it  is  made  evident 
by  the  words  or  inarticulate  sound  floating  upon  it.  Since  the  verbal  accent 
usually  coincides  with  the  pulsation-crest  of  the  temporal  rhythm,  the 
verbal  accent  when  so  coinciding  has  been  taken  as  a  convenient  index  of 
measurement,  to  be  called,  as  before  noted,  a  stress  ;  and  the  pulsation, 
or  unit  of  which  the  stress  is  an  index,  will  be  called  a  stress-unit.  The 
name  hitherto  given  to  the  stress-unit  is  a  foot,”  the  name  given  by 
Creek  and  Latin  prosodists ;  but,  as  the  basis  of  modern  poetry  is  quite 
different  from  that  of  classic  poetry,  it  has  been  thought  advisable  to 
discard  the  classic  term ‘in  favour  of  one  that  more  clearly  characterizes 
the  nature  of  modern  poetry.  The  value  of  the  classic  foot  was  a  musical 
value.  The  individual  parts  of  the  foot  bore  a  definite  relation  to  each  other. 
For  instance,  the  iambic  foot  consisted  of  two  syllables,  the  first  short,  the 
second  long  ;  and  the  long  was  always  twice  the  time-value  of  the  short. 
The  dactylic  foot  consisted  of  one  long  followed  by  two  short  ;  and  again 
the  long  was  twice  the  time-value  of  each  of  the  short.  In  the  classic  foot, 
therefore,  the  time-value  of  the  individual  syllables  composing  the  foot 
g;ave  the  total  value  to  the  foot.  In  modern  poetry,  on  the  other  hand, 
it  is  the  total  time-value  of  the  foot,  now  called  stress-unit,  that  determines 
the  value  of  the  individual  syllables  composing  the  unit.  For  instance,  in 
Moore’s  lines, 

Oh,  there’s  nothing  half  so  sweet  in  life 
As  Love’s  young  dream, 

the  opening  unit,  44  Oh,  there’s  no  ”  contains  three  syllables,  and  the  fol¬ 
lowing  units  two  syllables,  until  the  last  two,  44  young  ”  and  4 4  dream,” 
which  contain  each  one  syllable  only  ;  and  yet  in  reading  aloud  the  same 
time-value  is  given  to  all  the  units  however  many  syllables  they  may 
•contain.  In  Greek  prosody  there  were  upwards  of  thirty  different  kinds  of 
feet,  each  with  its  particular  name  and  each  with  its  particular  combination 
of  time-value.  In  modern  poetry  the  different  kinds  of  units  are  few  in 
number,  but  the  varying  time-values  of  the  individual  parts  of  these  units 
are  of  infinite  number,  the  same  syllable  constantly  changing  in  value 
according  to  the  position  it  occupies  or  according  to  the  nature  of  its 
•companion  syllables.  For  instance,  in  the  line 

As  Love’s  young  dream 

the  words  44  young  ”  and  44  dream  ”  are  each  of  the  full  value  of  the  whole 
unit.  But  supposing  the  line  were 

As  lovers  young  will  dream, 

now  the  second  and  third  units  each  contain,  like  the  first,  two  syllables, 
but  their  time-value  is  unaltered  :  the  words  44  young  ”  and  ’4  dream,” 
however,  each  take  up  a  little  less  time  than  they  did  before.  Again, 
supposing  the  line  were 

As  lovers  the  youngest  will  dream, 
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the  second  and  third  units  now  contain  three  instead  of  one  or  two 
syllables,  yet  the  total  time- value  of  the  unit  is  unaltered  :  what  has  been 
altered  is  the  time-value  of  the  individual  words. 

It  is  not  necessary  to  mention  the  many  theories  that  have  been  put 
forward  from  time  to  time  :  it  may  suffice  to  say  that  one  after  another 
they  have  been  shown  by  later  prosodists  to  be  faulty.  When,  however, 
a  prosodist  advances  a  new  theory,  pointing  out  at  the  same  time  that  all 
his  predecessors  have  been  wrong,  we  may  be  sure  that  before  long  another 
will  come  to  point  out  that  he  too  was  wrong.  I  wish  to  say,  however,  that 
the  prosodists  my  predecessors  were  all  right — so  far  as  their  analysis  was 
carried  by  them  :  the  trouble  is  they  were  not  agreed  as  to  the  nature  of 
the  thing  they  set  out  to  analyse  ;  each  has  analysed  a  different  part  of 
the  subject,  or  the  same  part  from  a  different  point  of  view.  The  two 
that  I  consider  to  have  come  nearest  the  truth  are  the  poet  Patmore  and 
the  present-day  prosodist  T.  S.  Omond.  Patmore  does  but  touch  the  truth 
and  leave  it  in  a  short  essay,  whilst  Omond  has  dealt  with  it  at  some 
length  in  his  various  books  on  the  subject. 

The  more  minute  analysis  of  the  stress-unit  may  be  left  for  the  present 
— it  is  a  very  wide  subject — and  it  may  suffice. to  note  that  by  far  the 
most  common  unit  in  British  poetry  is  that  containing  two  syllables.  This 
unit  has  two  kinds — that  accented  on  the  second  syllable  and  unaccented 
on  the  first,  and  that  accented  on  the  first  and  unaccented  on  the  second  ; 
and  of  these  two  the  former,  usually  called  iambic,  is  again  by  far  the  more 
common.  When  it  is  noted  that  it  forms  the  basic  metre  of  dramatic 
blank  verse,  epic  blank,  heroic  couplet,  Spenserian  stanza,  sonnet,  and  of 
more  than  half  of  the  lyric  metres,  it  will  be  realized  that  it  is  really  the 
fundamental  unit. 

Is  there  any  indication  to  suggest  why  this  is  so — why  the  two -syllabled 
unit,  ordinary  or  abrupt,  iambic  or  trochaic,  forms  the  basic  unit  of  all 
poetry  ?  Verse  af  its  highest  is  a  pure  expression  of  the  emotions,  of  such 
emotions  as  may  be  expressed  in  speech.  In  ordinary  speech  120  words 
is  the  average  spoken  in  one  minute — say,  190  syllables.  In  reading  aloud 
or  reciting  it  will  be  found  that  an  average  of  from  140  to  160  syllables 
are  uttered  in  a  minute — for  no  one  reads  aloud  or  recites  as  quickly  as 
he  speaks,  more  especially  verse,  where  every  beat  must  be  regarded  or 
the  metre  will  be  lost.  The  heart  makes,  normally,  an  average  of  slightly 
over  70  pulsations  a  minute  ;  so  that  in  reading  aloud  or  reciting,  two 
syllables  approximately  are  uttered  to  every  pulsation.  In  every  pulsation 
there  are  two  beats  ;  and  the  French  physician  Laennec,  in  describing  the 
sound  and  action  of  the  pulsation,  says,  “  The  relative  duration  .  .  . 

appears  to  me  to  be  as  follows  :  a  third  or  a  fourth  is  occupied  by  the 
systole  of  the  auricles  ;  a  fourth  or  a  little  less,  by  the  state  of  quiescence  ; 
and  the  half,  or  nearly  so,  by  the  systole  of  the  ventricles.  .  .  .  Each 

beat  of  the  arterial  pulse  corresponds  to  this  double  sound — in  other  words,  to 
two  sounds.  One  of  these  is  clear  and  rapid  .  .  .  the  other  is  more 

dull  and  prolonged.”  So  that  the  pulsation  may  evidently  be  represented 
by  the  signs  usually  adopted  in  prosody  for  short-long.  The  heart  beats, 
in  fact,  in  ordinary  or  iambic  measure  ;  and  as  in  listening  to  the  ticking 
of  a  clock  an  accent  may  be  heard  on  either  beat  at  will,  so  an  accent  may 
be  imagined  on  either  the  short  or  the  long  of  the  heart-beat ;  and  in 
accordance  as  the  accent  is  imagined  so  is  the  beating  unit  trochaic  or 
iambic,  abrupt  or  ordinary. 

This  may,  of  course,  be  no  more  than  an  approximation  ;  but  it  is 
significant  that  such  an  approximation  is  even  possible.  The  beat  of  the 
human  pulse  certainly  seems  to  have  been  regarded  as  the  measure  of  the 
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beats  in  music.  Zarlino,  an  old  writer  on  music,  makes  this  statement, 
which  is  said  to  be  fully  corroborated  by  other  early  writers.  Kuskin 
reckoned  two  paces  as  the  average  taken  in  a  second,  concluding  from  this 
that  the  proper  length  of  the  spondee,  a  Greek  foot  containing  two  long 
syllables,  was  one  second  ;  and  on  this  basis  he  reckoned  the  time  of 
various  feet,  which  might,  under  varying  conditions,  be  quickened  or  delayed. 
Thus  he  took  the  walking-pace  instead  of  the  heart-beat  as  the  primary 
basis  of  metre.  His  average  pace,  however,  is  too  fast  ;  two  in  a  second, 
or  120  in  a  minute,  is  the  speed  of  the  “  storming  march,”  the  “  quick 
march  ”  being  about  108.  The  average  heart-beat  being  slightly  over 
70  pulsations  to  the  minute — 72  is  the  exact  number — and  ordinary  march 
time  taking  about  75  steps  to  the  minute,  it  would  certainly  appear  that 
there  was  some  connection  between  the  two.  Possibly  the  pace  regulated 
the  metre — that  is,  when  dance  accompanied  the  poetry  ;  but  even  then 
it  is  a  question  if  the  pace  was  not  regulated  by  the  heart-beat.  In 
orchestral  march  music,  more  especially  in  military  music,  the  drum  plays 
an  important  part  ;  and  its  pulsations  may  be  imagined  as  the  heart-beat 
made  audible. 

Next  to  the  stress-unit,  the  smallest  uniform  aggregation  of  parts  is 
the  verse.  This  normally  contains  eight  stress-units,  or  their  temporal 
equivalent,  and  is  usually  divided,  when  printed,  into  at  least  two  equal 
parts.  Each  part  of  a  verse  so  divided  is  commonly  known  as  a  line. 
From  a  casual  examination  of  poetry,  the  length  of  the  line — that  is,  the 
number  of  its  stress-units — would  appear  to  be  quite  arbitrary.  It  would 
appear  that  it  rests  with  the  poet  himself  to  decide  whether  a  line  should 
contain  one  stress-unit  only  or  include  the  whole  verse.  Whilst  the  length 
of  the  line  is  thus  under  his  complete  control,  it  is  otherwise  with  the  length 
of  the  verse.  The  length  of  the  verse  has  been  determined  by  a  natural 
law,  and  the  poet  in  dividing  it  into  lines  instinctively  sees  that  the  total 
lines  into  which  any  sentence  is  divided  make  a  complete  verse.  The 
length  of  the  line  may  range  from  one  two-syllabled  unit  to  eight  three- 
syllabled  units.  The  line  divisions,  when  made,  are  usually  marked  with 
rime.  Thus  Herrick  divides  the  full  verse 

Thus  I 
Pass  by 
And  die  : 

As  one 
Unknown 
And  gone 

into  six  lines,  each  containing  a  single  stress-unit.  It  will  be  noted  that 
the  full  verse  appears  to  have  only  six  stress-units  instead  of  the  normal 
eight ;  but  it  will  also  be  noticed  that  there  is  a  pause  after  the  third  unit, 
a  pause  taking  the  place  of  a  unit  that  has  been  dropped.  A  similar  pause 
takes  the  place  of  the  eighth  unit.  Tennyson,  on  the  other  hand,  writes 
as  one  line  the  full  verse 

Fame  blowing  out  from  her  golden  trumpet  a  jubilant  challenge  to  Time 
and  to  Fate. 

There  seems  at  first  to  be  little  similarity  between  these  two  verses  ;  yet 
they  are  built  on  the  same  eight-unit  basis.  The  poet  may,  of  course, 
print  the  verse  how  he  pleases  ;  so  that  whilst  Coleridge  prints  in  two  lines 
the  verse 

The  fair  breeze  blew,  the  white  foam  flew, 

The  furrow  followed  free 
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another  poet  might  print  it  as  three,  dividing  it  at  each  rime  ;  and  a  third 
might  print  it  as  one.  So  far,  then,  as  printing  is  concerned,  the  poet  has 
absolute  liberty  to  do  as  he  pleases — or  as  the  printer  pleases. 

It  is  to  be  observed,  however,  that  the  verse  had  assumed  definiteness, 
and  maintained  that  definiteness,  however  much  it  might  appear  to  be 
broken  into  parts  by  rime,  before  the  poet  could  have  had  any  thought  of 
printing  at  all-  at  a  time,  in  fact,  when  the  art  of  printing  was  undiscovered, 
and  poems  were  recited  or  sung.'  So  absolute  was  this  definiteness  that  on 
the  introduction  of  printing  it  required  no  ingenuity  on  the  part  of  the 
printer  to  set  down  the  poems  in  a  way  that  has  not  to  this  day  changed  in 
any  essential  particular.  If  it  be  objected  that  he  had  manuscripts  to 
guide  him,  the  remark  need  but  be  transferred  to  the  writer  of  the  manu¬ 
scripts  ;  and  he  had  no  guide  but  his  ear.  In  many  instances,  too,  the 
verses  in  the  manuscripts  were  run  on  without  punctuation  or  division 
of  any  kind,  as  though  the  writer,  having  the  lilt  of  the  divisions  in  his 
mind,  assumed  that  the  reader  would  have  them  in  his  mind  likewise,  and 
needed  no  guide  ;  others,  whose  ears  were  perhaps  less  certain,  assumed 
a  like  uncertainty  in  the  reader,  and  marked  the  divisions  with  colons,  or 
periods,  or  some  equivalent  device.  The  point  is  that  it  was  always  possible 
to  make  the  division,  even  when  it  was  not  indicated. 

The  singer  or  reciter  had  his  means  of  indicating  the  line  and  verse 
units  to  his  hearers.  In  modern  poetry  the  ends  of  the  units  are  indicated, 
by  the  rime  ;  in  ancient  poetry  the  beginnings  were  indicated,  by  allitera¬ 
tion.  Alliteration  is  more  prominent  in  trochaic  or  abrupt  rhythms — 
that  is,  rhythms  with  the  accent  on  the  opening  syllable  of  the  unit ;  rime 
is  more  prominent  in  iambic  or  ordinary  rhythms — that  is,  rhythms  with 
the  accent  on  the  last  syllable  of  the  unit.  The  change  in  British  poetry 
from  alliteration  to  rime  took  place  at  a  time  when  the  language  itself,  as 
represented  in  its  poetry,  was  changing  from  trochaic  to  iambic,  from  abrupt 
to  ordinary.  The  reason  for  the  change  may  not  be  altogether  beyond 
conjecture  :  to  say  that  it  was  due  to  the  genius  of  the  language  is  to  explain 
nothing.  It  would  appear,  however,  that  the  abrupt  rhythm  is  the  rhythm 
favoured  by  primitive,  passionate  peoples  ;  and  that  as  civilization  brings 
the  passions  more  and  more  into  subjection,  so  the  ordinary  rhythm  is  more 
and  more  favoured.  It  is  mostly  in  lyric  poetry,  the  expression  of  the 
emotions,  that  the  abrupt  rhythms  occur.  Blank  verse,  the  expression  of 
contemplative  moods,  discourages  abrupt  rhythms,  except  in  drama,  where 
the  rhythm  in  emotional  passages  is  inclined  to  break  away  from  the 
ordinary  to  the  abrupt.  The  explanation  would  appear  to  be  that  in  high 
emotion  — -  in  passion  —  the  short,  sharp  beat  of  the  heart  is  the  more 
obtrusive  ;  in  contemplation,  when  the  passions  are  asleep,  the  short  beat 
is  subdued,  and  the  long  after  beat  becomes  the  more  prominent. 

It  was  remarked  that  the  very  sound  of  metrical  language  gives  pleasure, 
even  if  in  a  foreign  tongue.  An  example  may  be  given  to  illustrate  this 
and  two  or  three  other  points  at  the  same  time.  The  following  is  an  old 
Icelandic  stave,  with  full  alliteration  and  half  alliteration  : — - 

Bramara  skein  bruaa 
Brims  of  ljosum  himn.i 
HrisZar  horvi  glsesZrar 
.HawMrann  a  mik  laulca, 

(En)  sa  geisZi  sysZir 
S  ZcZ&an  gullmens  FrtVZ/au' 

Hvarma  tungrls  oy  hritfga 
YLlinav  othurft  m ina. 
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To  translate  this  stave  with  its  alliterations  and  half-alliterations  is  a 
task  of  some  difficulty,  which  is  attempted  in  the  following  : — 

Broww  her  eyes  were  brimmmg 
Brightly  on  me  lighting 
Glances  gledewise  shining 
Gimoed  unhard  and  open 
(From)  brow  as  snow  on  broad  hill 
Blent  in  morning  splearfid 
Lac&aday  that  love  blinfc 
Looms  with  sorrow  gloomy. 


In  the  first  place,  apart  altogether  from  alliteration  or  other  ornament, 
the  verses  of  the  stanza  have  kinship  to  the  classic  hexameter,  especially 
to  the  English  form  of  it : — 

Brown  her  eyes  were  brimming,  brightly  on  me  lighting 

and 

Brown  were  her  eyes  as  the  berry  that  grows  on  the  thorn  by  the  wayside, 

where  it  is  merely  a  question  of  making  two-syllabled  units  into  three- 
syllabled.  Again — 

One  by  one  the  pale  stars  die  before  the  day  now, 

One  by  one  the  great  ships  are  stirring  from  their  sleep. 

There  is  the  verse  in  modern  guise,  the  abrupt  rhythm  changed  to  the 
ordinary  in  the  second  verse.  But  there  is  more.  A  rhythm  is  thoroughly 
naturalized  once  it  forms  the  vehicle  for  children’s  nursery-rimes  : — - 


and 


One  by  one  the  great  ships  are  stirring  from  their  sleep 
Sing  a  song  of  six  pence  a  pocket  full  of  rye. 


Here  we  have  two  verses,  each  with  seven  units,  the  eighth  unit  being- 
represented  by  the  pause  at  the  end  of  the  verse,  as  may  be  shown  by  filling 
the  pause  with  sound  — 

Sing  a  song  of  six  pence  a  pocket  full  of  peas  and  rye 
Four  and  twenty  black  birds,  &c. 

In  the  ordinary  reading  the  common  Ballad  verse  of  seven  units  emerges. 
But  it  may  be  said  that  the  nursery-rime  is  not  ordinarily  recited  in  that 
slow  deliberate  way.  It  is  not  recited 


but 


Sing  a  song  of  six  pence,  &c. 

Sing  a  song  of  sixpence  a  pocket  full  of  rye. 


Good  ;  it  is  true  ;  and  the  result  is  that  the  verse  of  seven  two-syllabled 
units  becomes  a  line  of  four  four-syllabled  units  ;  two  verses  of  seven  units 
becoming  one  full  verse  of  eight  units.  So  that  out  of  one  ancient  stave  or 
stanza  we  have,  by  various  readings,  all  the  forms  assumed  by  the  modern 
lyric  verse  unit.  The  full  verse  of  eight  units  may  be  taken  as  the  norm": 
it  is  the  usual  verse  of  the  old  metrical  romances,  and  it  has  been  made 
familiar  to  modern  readers  by  Scott  in  his  tales  in  verse,  and  more  recently 
by  Morris  in  “  The  Earthly  Paradise.”  A  classic  in  early  modern  English  is 
Gower’s  “  Confessio  Amantis.”  All  these  are  written  in  couplet  form — 
that  is,  the  verse  is  divided  into  two  riming  lines. 

Ill  fared  it  then  with  Roderick  Dhu 
That  on  the  field  his  targe  he  threw, 

Whose  brazen  studs  and  tough  bull-hide 
Had  death  so  often  turned  aside  ; 

For,  trained  abroad  his  arms  to  wield, 

Fitz  James’s  blade  was  sword  and  shield. 
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Another  common  form  taken  by  the  Romance  verse  is  that  in  which 
two  full  verses,  not  two  lines,  rime  together  : — 

Ye  banks  and  braes  o’  bonnie  Boon, 
how  can  ye  bloom  sae  fresh  and  fair  ! 

How  can  ye  sing,  ye  little  birds, 
when  I’m  sae  weary,  fu’  o’  care ! 

It  is  this  verse-rimed  form  that  varies  in  three  ways.  It  may  drop  its  last 
unit,  resulting  in  the  Ballad  verse  of  seven  units,  as  in  Burns’s  first  draft 
of  Bonnie  Doon  : — 

Ye  banks  and  braes  o’  bonnie  Doon, 

How  can  ye  bloom  sae  fair  ! 

How  can  ye  sing,  ye  little  birds, 

When  I’m  sae  fu’  o’  care  ! 

A  most  distinct  pause  now  takes  the  place  of  the  dropped  unit.  The 
Ballad  verse  may  vary  by  dropping  the  last  syllables  of  the  first  and  third 
lines — -that  is,  the  Romance  verse  may  vary  by  dropping  this  syllable  as  well 
as  the  last  unit : — - 

From  Greenland’s  icy  mountains. 

From  India’s  coral  strand. 

The  difference  between  this  and  the  ordinary  Ballad  verse  is  made  more 
evident  when  the  two  different  verses  occur  together  : — 

Then  out  spake  bold  Horatius, 

The  captain  of  the  gate  : 

To  every  man  upon  this  earth 
Death  cometh  soon  or  late. 

The  third  variation  is  brought  about  by  the  dropping  of  the  fourth  as  well 
as  the  eighth  unit  : — - 

And  if  I  took  it  twice, 

A  shame  it  were  to  me  ; 

And  truly,  gentle  knight, 

Welcome  art  thou  to  me. 

The  difference  is  again  made  more  evident  by  juxtaposing  the  two  verses : — 

In  court  whoso  demaundes 
What  dame  doth  most  excel, 

For  my  conceit  I  must  needs  say 
Fair  Bridges  bears  the  bell. 

The  second  of  these  three  variations  has  been  used  for  the  great  epic  of 
Germany,  the  “  Nibelungen  Noth,”  and  it  has  for  this  reason  been  called 
the  Nibelungen  metre.  The  third  was  first  used  to  any  great  extent  in  a 
long  poem  on  Alexander,  and  it  has  therefore  been  called  the  Alexandrine 
metre.  The  four  metres,  Romance,  Ballad,  Nibelungen,  and  Alexandrine, 
form  the  basic  metres  of  all  lyric  poetry. 

Remembering  that  when  the  full  verse  of  eight  units  developed  poetry 
was  commonly  sung  or  recited,  it  will  be  evident  that  great  regard  would 
naturally  be  had  to  facility  of  delivery.  In  speech,  a  sentence  consists  of 
as  much  thought  as  may  be  conveyed  readily  on  one  breath  :  the  more 
broken  a  complete  thought  is  in  utterance,  the  less  forcible  it  becomes  ; 
and  it  follows  that  the  most  incisively  uttered  thought  is  that  which,  the 
matter  of  thought  being  equal,  can  be  uttered  distinctly  in  one  breath.  It 
has  been  noted  that  as  the  speech  becomes  emotional  it  tends  to  become 
rhythmical ;  and  the  earliest  poetry  is  rhythmical  in  nature,  not  metrical : 
that  is,  the  sentences  vary  in  length  according  as  the  thoughts  vary.  In 
poetry  that  has  become  metrical,  however,  they  tend  to  assume  a  uniform 


1919.]  New  Zealand  Institute  Science  Congress.  331 

length — an  average  of  the  length  of  rhythmical  or  emotional  sentences  ; 
in  other  words,  the  average  length  of  a  breath.  In  any  Ballad  stanza  it 
will  be  seen  that  the  full  verses  form  complete  sentences,  the  lines  forming 
clauses  : — 

And  first  gaed  by  the  black  black  steed. 

And  then  gaed  by  the  brown  ; 

But  fast  she  gripped  the  milk-white  steed 
And  pu’d  the  rider  down. 

She  pu’d  him  frae  the  milk-white  steed, 

And  loot  the  bridle  fa’, 

And  up  there  raise  an  erlish  cry, 

He’s  wan  amang  us  a’. 

Up  then  spak  the  queen  o’  Fairies 
Out  o’  a  bush  o’  broom  ; 

She  that  has  borrowed  young  Tamlane 
Has  gotten  a  stately  groom. 

Th*e  taking  of  the  breath  at  the  end  of  each  verse  is  quite  involuntary. 
I  have  tested  it  over  and  over  again,  getting  people  to  read  ballads  to  me 
without  telling  them  my  reason.  My  friends  may  have  thought  I  particularly 
liked  the  ballad,  or  their  rendering  of  it ;  but  what  always  pleased  me  most 
was  that  they  invariably  took  their  breath  at  what  I  considered  the  right 
places.  On  my  observing  this  now  and  again,  “  Of  course,”  the  reply  is, 
“  those  are  the  natural  places  to  breathe.”  “  Why  ?  ”  “  Because  the 
sentences  end  there.”  44  And  why  do  the  sentences  end  there  ?  ”  And 
then  my  friends  begin  to  think  that  I  am,  as  my  namesake  says,  speaking 
in  the  Muscovite  language.  Again  it  must  be  remembered  that  the  verses 
received  form  before  there  was  either  writing  or  printing- — that  the  lengths 
were  determined  in  the  mind.  There  must  have  been  some  determining 
influence  ;  and  seeing  that  the  length  of  the  verse  now  determines  the 
length  of  the  breath  it  is  natural  to  conclude  that  the  duration  of  the 
breath  originally  determined  the  length  of  the  verse. 

The  lyric  metres  hitherto  discussed  exclude  all  metres  in  heroic  couplets 
and  blank  verse — all  poetry,  that  is,  whose  measure  is  a  verse  of  jive  stress- 
units.  The  verses  of  lyric  poetry  always  contain  an  even  number  of 
stress-units.  It  might  be  supposed  that  heroic  or  blank  verse  is  likewise 
composed  of  an  even  number  of  units,  five  audible  and  one  represented  by 
the  verse-end  pause.  This,  however,  would  convert  it  into  an  Alexandrine 
without  mid-pause — a  very  rare  verse,  comparatively  ;  and  the  fact  that 
when  an  Alexandrine  is  introduced  into  heroic  metre,  as  it  often  is  for  varia¬ 
tion,  it  is  nearly  always  the  ordinary  Alexandrine  with  mid-pause  shows 
that  the  poets  themselves  regard  the  heroic  as  a  metre  quite  distinct  from 
the  Alexandrine.  It  is  evident  that  when  the  verse  of  five  units  was  in 
course  of  evolution  the  end  in  view  was  not  the  heroic  couplet ;  this  was  in 
the  nature  of  an  intermediate  form  only — a  form  which  the  riming  has 
fixed,  but  a  form  whose  nature  it  was  not  to  be  restricted  and  bound  by 
rime  ;  whose  tendency  in  a  certain  direction  was  so  powerful  that  the 
evolving  overflow  from  verse  to  verse  is  unhindered,  except  temporarily, 
by  the  dam  of  rime,  which  it  immerses,  weakens,  and  almost  obscures  ; 
and  finally,  in  the  highest  blank  verse,  entirely  sweeps  away  and  obliterates. 
A  fundamental  difference  between  lyric  and  blank  verse  is  that  the  lyric 
measure  breaks  up  into  individual  verses  of  eight  stress-units.  Each  verse 
contains  a  complete  thought  sentence,  and  splits  again  into  two  equal  parts, 
each  containing  a  complete  clause  of  the  thought  sentence  :  these  halves 
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may  again  subdivide,  and'  on  each  subdivision  of  the  rhythm  the  included 
sentence  likewise  subdivides  into  its  natural  subclauses  ;  so  that  the 
thought  and  the  rhythm  swing  and  sway  together,  the  double  rhythm  being- 
accentuated  by  rime  at  the  main  division,  and  often  at  the  minor  divisions 
also,  so  that  the  verse  becomes  a  flashing  rime-faceted  jewel  of  thought. 
Blank  verse,  on  the  other  hand,  is  a  more  coherent  mass,  breaking  up  into 
irregular  portions  consisting  of  a  number,  small  or  great,  of  verses  and 
parts  of  verses,  welded  together  by  the  unrestrained  ebb  and  flow  of  thought 
from  verse  to  verse.  Every  verse  by  no  means  always  contains  a  complete 
thought  sentence,  nor  does  every  sentence  occupy  a  whole  verse.  When 
broken,  the  verses  are  broken  irregularly,  and  the  rime  facets  are  altogether 
absent.  The  two  measures  have  seemingly  evolved  for  the  purpose  of 
fulfilling  two  different  functions  of  poetic  utterance — the  lyric  for  song, 
the  blank  for  declamation.  Rime,  the  charm  of  the  lyric,  hindered  the 
flow  of  the  heroic  in  its  progress  towards  the  final  blank  :  it  enforced 
pauses  where  none  were  desired — and  were  the  rime  pauses  disregarded 
the  rime  music  was  lost  :  the  definiteness  of  echo  that  pleased  in  the  lyric 
displeased  in  the  heroic  ;  and  little  by  little  rime  was  thrown  off  altogether. 
Whilst  the  blank  was  perfected,  however,  the  heroic  was  too  attractive  a 
medium  to  be  allowed  to  exist  merely  as  an  intermediary  ;  and  whilst  on 
the  one  hand  its  evolution  towards  another  form  continued,  on  the  other  it 
remained  stationary,  perfecting  itself  to  the  form  that  flowered  naturally 
in  Chaucer’s  tales,  and  artificially  in  the  didactics  of  Pope.  The  complete 
renunciation  of  rime  argues  that  the  blank  was  a  vigorous  growth  in  a 
direction  that  was  hampered  by  rime  and  its  innate  restrictions,  rather 
than  that  the  writers  of  blank  scorned  rime.  The  springing  of  the  lyric 
and  the  blank  from  a  common  source — if  there  be  a  common  source — 
cannot  be  traced  in  British  poetry,  seeing  that  both  were  introduced  in  a 
semi-mature  condition.  Both  would  probably  have  sprung  spontaneously 
from  native  poetry,  but  their  growth  was  hastened  by  foreign  influence. 
There  were  in  British  poetry,  however,  an  inherent  vitality  and  a  native 
tendency  which,  whilst  they  welcomed  the  foreign  influences,  with  reserva¬ 
tions,  transformed  them  whilst  adopting  them  ;  so  that,  both  in  lyric  and 
blank,  British  poetry  flourishes  pre-eminent  in  beauty  and  vigour  of  rhythm 
and  thought.  It  has  been  pointed  out  how  the  verse-unit  in  blank  appears 
to  be  one  of  five  units,  or  ten  syllables.  This  fact  is  self-evident ;  nearly 
every  verse  in  the  older  dramatists  points  to  it.  The  declamatory  voice 
is  more  deliberate  than  the  lyric  voice,  and  its  average  breath  seems  to  be 
one  capable  of  five  units  or  ten  syllables,  though  its  actual  capacity  is  much 
greater.  Blank  verse  was  devised  so  that  this  average  need  not  be  kept, 
though  the  verses  themselves  kept  the  average.  The  sentences  in  blank 
range  from  short  to  long  irrespectively  of  the  verse-units,  ebbing  and 
flowing  with  the  actual  emotions  or  thoughts  expressed.  This,  of  course, 
is  the  reason  why  blank  verse  appears  to  many  readers  as  no  more  than 
prose  ;  and  in  unskilful  hands  it  is  in  great  danger  of  becoming  actual 
prose. 

There  is  one  other  unit  into  which  metrical  poetry  is  divided — the 
stanza  ;  and  as  the  stress-unit  and  verse-unit  appear  to  be  controlled  as 
regards  their  length  and  duration  by  natural  functions — the  heart-beat  and 
breath  respectively — so  the  length  of  the  stanza  appears  to  be  controlled 
by  a  third  natural  function — the  thought.  The  first  and  simplest  stanza 
appears  as  the  form  into  which  a  single  thought  is  cast ;  and  it  follows  that, 
as  regards  length,  the  first  verse  and  the  first  stanza,  each  a  single  thought, 
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were  one  and  the  same  thing.  Again,  as  a  complete  thought  is  usually 
composed  of  two  complementary  or  antithetical  clauses,  so  the  primal  verse 
and  stanza  falls  into  two  more  or  less  equal  halves,  the  whole  beating  and 
hovering  about  the  evolving  verse  of  eight  units.  This  beating  and 
hovering,  preceding  the  settling  into  the  fixed  forms,  is  plainly  discernible 
in  the  old  simple  ballads  In  these  the  thoughts  are  simple  and  direct ; 
but  as  the  minds  of  the  singers  and  listeners  became  more  cultivated  the 
thoughts  became  more  elaborated  ;  and,  whilst  the  verses  remained  the  same 
length,  the  stanzas  expanded  to  accommodate  the  growing  thought.  The 
culmination  of  this  expansion  is  in  the  sonnet,  sestina,  and  chant  royal, 
in  each  of  which  forms  is  expressed  a  single  elaborated  thought.  To  the 
majority  of  minds,  however,  these  long  intricate  stanzas  make  little  appeal ; 
but  the  appeal  made  by  the  short  lyric  stanza,  the  primitive  form,  is 
universal.  Each  thought  was  a  picture  ;•  and  as  a  picture  acquires 
definiteness  by  being  framed  off  from  its  surroundings,  so  the  thought 
acquired  definiteness  by  being  detached  from  surrounding  thoughts — 
the  means  of  detachment  being  the  rimed  stanza. 

When  the  alliterative  stave,  as  the  Icelandic  stanza  was  called,  broke 
up  under  the  influence  of  southern  verse  there  was  a  re-forming  in  two 
directions— the  couplet,  composed  of  two  riming  lines,  each  of  four  stresses, 
f  nd  the  long  couplet,  composed  of  two  riming  verses,  each  of  seven  stresses. 
The  latter  divided,  forming  a  four-lined  stanza — the  stanza  of  our  common 
Ballad  metre.  The  couplet,  by  the  agglutination  of  another  couplet  also 
formed  a  four-lined  stanza.  These  two  simple  stanzas  form  the  basis  of  all 
subsequent  stanzas  ;  and  it  remains  to  show  how  five-,  six-,  and  seven- 
lined  stanzas  sprang  from  these.  At  times  the  thought  ran  beyond  the 
usual  four  lines,  when  another  verse  was  added,  producing  the  Ballad 
six  : — 

And  I  would  never  tire,  Janet, 

In  fairy  land  to  dwell ; 

But  aye  at  every  seven  years 
They  pay  the  teind  to  hell ; 

And  though  the  queen  inak’s  much  o’  me, 

I  fear  ’twill  be  mysell. 

This  addition  is  simple  enough,  and  there  are  others  as  simple  that  need 
not  be  specified.  In  the  ballad  “  Sir  Cauline,”  however,  the  following 
stanza  occurs 

Faire  Christabelle  that  lady  bright 
Was  had  forth  of  the  towre; 

But  ever  she  droopeth  in  her  mind, 

As  nipt  by  an  ungentle  winde 
Doth  some  faire  lillye  flowre. 

It  is  quite  evident  that  the  poet,  whilst  remembering  that  his  thought  must 
be  contained  in  an  average  verse  of  seven  units,  felt  that  the  average  might 
be  exceeded  for  the  sake  of  the  beauty  the  fuller  thought  contained.  He 
could  quite  easily  have  written 

Faire  Christabelle  that  lady  bright 
Was  had  forth  of  the  towre ; 

But  ever  she  droopeth  in  her  minde 
As  doth  a  lillye  flowre, 

and  the  thought  is  still  beautiful.  It  is,  however,  much  more  beautiful 
with  the  extra  line  added  ;  and  here  is  the  first  exception  to  the  law  that 
each  stanza  consists  of  four  lines  of  four,  three,  four,  three  units  respectively. 
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Any  one  of  the  lines  may  be  doubled.  The  first  line  instead  of  the  third  is 
doubled  in  the  following  : — 

I  wandered  in  a  lonely  glade. 

Where,  issuing  from  the  forest  shade, 

A  little  mountain  stream 
Along  the  winding  valley  play’d, 

Beneath  the  morning  beam. 

This  form  is  not  so  common  as  the  one  where  the  third  line  is  doubled  ; 
usually,  when  the  first  is  doubled,  the  third  is  doubled  also  : — 

This  mayden  in  a  morne  betime 

.Went  forth,  when  May  was  in  her  prime, 

To  get  sweet  cetywall, 

The  honeysuckle,  the  harlocke, 

The  lilly  and  the  lady-smock, 

To  deck  her  summer  hall. 

Here  the  five-lined  stanza,  by  an  extra  doubling,  becomes  six-lined — quite 
a  different  stanza  from  the  Ballad  six  quoted  above.  The  doubling  of 
the  fourth  line,  whilst  not  so  commonly  met,  is  yet  familiar,  chiefly 
through  a  song  by  Suckling  : — 

Why  so  pale  and  wan,  fond  lover, 

Prithee  why  so  pale  ? 

Will,  when  looking  well  can’t  move  her,  , 

Looking  ill  prevail  ? 

Prithee  why  so  pale  ? 

It  is  not  necessary  to  quote  more :  it  will  readily  be  seen  that  the 
doubling  of  one,  two,  or  three  lines  in  this  way  is  productive  of  quite  a 
variety  of  stanzas,  all  springing  from  the  simple  four-lined  stanza.  And, 
once  one  is  familiar  with  the  idea  of  the  lines  being  doubled,  one  is  not 
so  startled  to  find  them  trebled  : — 

Old  Chaucer  doth  of  Topas  tell, 

And  Rabelais  of  Pantagruel, 

A  later  third  of  Dowsabel 

With  such  like  trifles  playing  ; 

Others  the  like  have  laboured  at, 

Some  of  this  thing  and  some  of  that, 

And  many  of  that  they,  know  not  what, 

But  that  they  must  be  saying. 

Here  the  breath  is  given  a  chance,  if  desired.  The  trebling  has  resulted 
in  a  couplet  followed  by  a  Ballad  verse,  and  a  breath  may  be  taken  after 
the  couplet.  It  will  be  found,  however,  that  the  verse  runs  better  if  the 
four  lines  are  taken  in  one  breath  ;  and  this  can  quite  easily  be  done, 
for  the  ordinary  verse,  whilst  an  average,  is  a  very  low  average.  Will 
it  now  cause  surprise  if  it  is  said  that  the  line  may  be  quadrupled  ? 
It  is  done,  but  rarely.  In  the  following  the  first  line  is  trebled,  the 
third  quadrupled 

Soon  did  they  meet  a  joyful  throng, 

Their  gay  companions  blithe  and  young  ; 

Each  joins  the  dance,  each  joins  the  song, 

To  hail  the  happy  pair. 

What  two  were  e’er  so  fond  as  they  ? 

All  bless  the  kind  propitious  day, 

The  smiling  morn  and  blooming  May, 

When  lovely  Jenny  ran  away 
With  Jockey  to  the  fair. 
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The  following,  too,  will  be  familiar  : — 

On  either  side  the  river  lie 
Long  fields  of  barley  and  of  rye, 

That  clothe  the  wold  and  meet  the  sky  ; 

And  thro’  the  field  the  road  runs  by 
To  many -tower’d  Camel ot ; 

And  up  and  down  the  people  go. 

Gazing  where  the  lilies  blow 
Round  an  island  there  below. 

The  island  of  Shalott. 

The  kinship  of  the  doubling,  trebling,  and  quadrupling  is  well  shown  in  a 
short  poem  by  Edgar  Allan  Poe,  “  The  Bridal  Ballad,”  where  they  appear 
coupled  with  the  common  Ballad  verse  from  which  they  spring. 

It  is  to  be  supposed  that,  as  there  is  often  extension  of  the  verses  by 
multiplication  of  parts,  so  there  may  also  be  reduction  or  curtailment.  It 
is,  of  course,  .possible  that  both  extension  and  reduction  were  caused  not 
by  any  wish  to  accommodate  the  thought,  but  for  the  sake  of  variation  ; 
the  thought  accommodating  itself  to  the  lengthened  or  shortened  verse. 
Whatever  the  cause,  the  verse  is  there.  The  Ballad  verse  is  itself  a 
curtailment  of  the  Romance,  the  Alexandrine  of  the  Ballad.  In  the 
following  the  Ballad  verse  has  lost  a  second  unit  in  the  second  half  : — 

Pleasure  !  why  thus  desert  the  heart 
In  its  spring  tide  ? 

I  could  have  seen  her,  I  could  part, 

And  but  have  sigh’d  ! 

O’er  every  youthful  charm  to  stray 
To  gaze,  to  touch, — 

Pleasure  !  why  take  so  much  away. 

Or  give  so  much  ? 

The  curtailing  will  be  more  familiar  in  Keats’s  stanza  : — 

I  set  her  on  my  pacing  steed. 

And  nothing  else  saw  all  day  long  ; 

For  sideways  would  she  lean,  and  sing 
A  faery  song. 

She  found  me  roots  of  relish  sweet, 

And  honey  wild,  and  manna  dew, 

And  sure  in  language  strange  she  said 
I  love  thee  true. 

As  in  the  familiar  stanza  by  Moore,  the  curtailed  line  may  find  another 
reading,  the  same  that  is  given  in  Shakespeare’s  song  : — 

Come  unto  the  yellow  sands 
And  then  take  hands, 

Curtsied  when  you  have  and  kist 
The  wild  waves  whist. 

but  this  is  not  the  rhythm  of  Keats’s  stanza  and  others  like  it. 

A  shortening  in  a  line  following  a  trebled  line  is  of  interest : — 

Sweet  Sussex  owl,  so  trimly  dight 
With  feathers,  like  a  lady  bright, 

Thou  sing’st  alone,  sitting  by  night, 

Te  whit,  te  wlioo  ! 

Thy  note  that  forth  so  freely  rolls, 

With  shrill  command  the  mouse  controls, 

And  sings  a  dirge  for  dying  souls, 

Te  whit,  te  whoo  ! 
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Here  both  the  first  and  the  third  lines  are  trebled.  Supposing  the  first  only 
to  have  been  trebled — 

Sweet  Sussex  owl,  so  trimly  dight, 

With  feathers,  like  a  ladjr  bright, 

Thou  sing’st  alone,  sitting  by  night, 

Te  whit,  te  whoo  ! 

Thy  note  rolls  forth  as  dies  the  light, 

Te  whit,  te  whoo  ! 

and  the  result  is  the  famous  Burns  metre,  the  origin  of  which  has  been  so 
much  questioned. 

The  second  line  of  the  verse  may  be  reduced  to  a  single  unit 

Queen,  for  whose  house  my  fathers  fought, 

With  hopes  that  rose  and  fell, 

Red  star  of  boyhood’s  fiery  thought, 

Farewell. 

And  seeing  this,  the  question  arises,  may  even  that  single  unit  be  dropped, 
and  the  stanza  end  with  a  half-verse  ?  Almost  certainly  it  may.  Christina 
Rossetti  has  a  stanza — 

The  year  stood  at  its  equinox 

And  bluff  the  north  was  blowing, 

A  bleat  of  lambs  came  from  the  flocks, 

Green  hardy  things  were  growing : 

I  met  a  maid  with  shining  locks 
Where  milky  kine  were  lowing. 

Supposing  the  last  line  to  be  omitted — 

The  year  stood  at  its  equinox , 

And  bluff  the  north  was  blowing, 

A  bleat  of  lambs  came  from  the  flocks, 

Green  hardy  things  were  growing; 

I  met  a  maid  with  shining  locks. 

Having  first  heard  the  full  stanza  it  will  doubtless  sound  incomplete ;  not 
unpleasing,  but  incomplete.  But  listen — 

Who  is  Silvia  ?  What  is  she 

That  all  our  swains  commend  her  ? 

Holy,  fair,  and  wise  is  she, 

The  heavens  such  grace  did  lend  her, 

That  she  might  admired  be. 

That  is  the  whole  stanza.  Is  it  complete  or  incomplete— pleasing  or 
unpleasing  ?  I  find  it  both  incomplete  and  pleasing. 

Is  she  kind  as  she  is  fair  ? 

For  beauty  li  ves  with  kindness  : 

Love  doth  to  her  eyes  repair, 

To  help  him  of  his  blindness  ; 

And,  being  helped,  inhabits  there. 

Then  to  Silvia  let  us  sing, 

That  Silvia  is  excelling ; 

She  excels  each  mortal  thing 
Upon  the  dull  earth  dwelling  : 

To  her  let  us  garlands  bring - 

(Our  adoration  telling  ?) 

The  stanza  is  one  of  Shakespeare’s  wood-notes  wild.  He  leaves  it  at  a 
certain  point  before  the  song  is  quite  finished,  trusting  to  the  imagina¬ 
tion  of  the  hearer  for  the  full  rounding  of  the  song  ;  and  rarely  is  his 
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trust  misplaced  —  though  at  times  his  dull-eared  commentators  would 
mislead  us. 

There  is  a  curious  and  rare  shortening  that  occurs  in  a  line  that  has 
already  been  doubled  : — 

Saw  ve  the  blazing  star  ? 

The  heavens  looked  dowTL  on  freedom’s  war 
And  lit  her  torch  on  high. 

Bright  on  her  dragon  crest 

It  tells  that  glory’s  wing  shall  rest 
When  warriors  meet  to  die. 

The  palpable  pause  after  star  shows  that  a  single  unit  has  been  dropped 
from  the  line,  and  the  filling  of  the  pause  results  in  the  natural  Dowsabel 
doubling : — 

Saw  ye  (above)  the  blazing  star  ? 

The  heavens  looked  down  on  freedom’s  war 
And  lit  her  torch  on  high. 

Bright  on  her  (lifted)  dragon  crest 

It  tells  that  glory’s  wing  shall  rest 
When  warriors  meet  to  die. 

These  varying  stanzas,  a  few  selected  from  a  very  great  number,  show 
some  of  the  many  forms  assumed  by  the  common  four-lined  stanza.  Very 
often  two  four-lined  stanzas  are  run  together  as  one  stanza  of  eight  lines, 
when  the  same  variations  may  occur.  The  enormous  number  of  variations 
these  shortenings  and  doublings  in  different  combinations  make  possible 
is  quite  bewildering  ;  it  quickly  runs  into  millions  ;  yet  the  four-lined  basis 
is  clear  right  through.  And  every  poet  tries  to  write  in  stanzas  that  shall 
differ  from  those  of  every  other  poet  ;  to  write  the  same  as  others  is 
intolerable  to  him  ;  and  if  at  times,  caught  by  the  beauty  of  a  certain  effect, 
he  does  imitate  another  poet,  he  at  once  becomes  intolerable  to  his  readers. 
Yet  so  numerous  are  the  possible  forms  springing  from  the  simple  four-lined 
stanza  that  poet  after  poet  arises  and  proves  the  store  inexhaustible  :  the 
song-flowers  that  spring  to  life  differ  from  generation  to  generation. 

For  the  purpose  of  classification  it  is  essential  to  decide  on  a  character¬ 
istic  that,  whilst  it  may  vary,  does  so  in  a  definite  and  constant  manner. 
For  this  purpose  the  verse-unit  most  commends  itself.  .  In  declamatory 
verse  every  verse-unit  normally  contains  five  stress-units  ;  and  classification 
here  is  comparatively  simple.  There  are,  firstly,  two  great  divisions — 
rimed  and  unrimed.  The  rimed  division  falls  into  two  classes — continuous 
verse,  such  as  Chaucer’s  “  Canterbury  Tales,”  and  verse  in  stanza  form, 
such  as  Spenser’s  “  Fairy  Queen.”  These  poems  in  stanza  form,  again, 
fall  into  various  well-known  divisions,  such  as  sonnet,  Spenserian  stanza, 
rime  royal,  &c.  The  second  great  division,  the  unrimed,  likewise  falls  into 
two  classes — the  epic,  such  as  Milton’s  “  Paradise  Lost,”  and  the  dramatic, 
which  includes  drama  generally.  Further  subdivisions  are  possible,  but 
they  are  subdivisions  in  manner  and  matter  rather  than  in  specific  form. 
In  lyrical  verse,  the  main  characteristic  of  which  is  that  each  verse  contains 
eight  units  instead  of  five  as  in  declamatory,  there  are  firstly  four  great 
divisions — Romance,  Ballad,  Nibelungen,  and  Alexandrine.  These  are 
distinguished  one  from  another  by  the  absence  or  presence  of  certain  units  : 
as,  the  absence  of  the  last  unit  of  a  Romance  verse  makes  a  Ballad 
verse  ;  the  absence  of  the  fourth  unit  as  well  as  the  last  makes  an  Alex¬ 
andrine  verse  ;  the  absence  of  the  accented  syllable  of  the  fourth  unit  as 
well  as  the  whole  of  the  last  makes  a  Nibelungen  verse.  From  this  it  is 
clear  that  the  specific  differences  are  caused  by  differences  at  the  verse  and 
line  ends  ;  and  it  will  be  found  that  lesser  variations  are  formed  by  lesser 
differences  in  these  places.  As  the  same  variations  apply  to  all  four  of 
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these  great  divisions  it  will  be  necessary  only  to  show  in  detail  some  of  the 
variations  in  Romance  metre.  In  the  first  place,  then,  is  the  first  accent 
preceded  by  syllables  or  not  ?  That  is,  is  the  verse  of  the  nature  of 

Ye  banks  and  braes  of  Bonnie  Boon,  how  can  ye  bloom  sae  fresh  and  fair  ! 
or 

Love  took  up  the  glass  of  time,  and  turn’d  it  in  his  glowing  hands. 

These  two  different  openings,  the  ordinary  and  abrupt,  or  iambic  and 
trochaic,  form  two  distinct  varieties,  each  of  which  is  again  subdivided 
according  as  the  last  unit  ends  with  the  accented  syllable  or  is  followed 
by  an  extra  unaccented  syllable,  as 


and 


Ye  banks  and  braes,  &c. 


Oh,  bring  to  me  a  cup  of  wine,  and  bring  it  in  a  siller  tassie. 

These  are  in  ordinary  rhythm.  In  abrupt — 

Love  took  up  the  glass  of  time,  and  turn’d  it  in  his  glowing  hands 

and 

Annan  water’s  wading  deep,  and  my  love  Annie’s  wondrous  bonny. 

These  four  variations,  again,  divide  into  two  each  according  as  the  line-ends 
in  the  middle  of  the  verse  vary  in  the  same  way,  as 


and 


Ye  banks  and  braes,  &c., 

When  lovely  woman  stoops  to  folly,  and  finds  too  soon  that  men  betray, 


where  the  first  half  of  the  verse  is  followed  by  an  unaccented  syllable  in 
“  folly,”  and 

Her  voice  did  quiver  as  we  parted,  yet  knew  I  not  that  heart  was  broken, 

where  the  ’line-end  and  verse-end  are  both  followed  by  an  unaccented 
syllable. 

This  makes  eight  distinct  sub  variations,  whose  characteristics  are  main¬ 
tained  through  whole  poems,  producing  a  quite  different  rhythm  in  every 
case.  All  of  these,  again,  divide  into  minor  variations,  which,  whilst  not 
so  constant,  are  yet  perfectly  distinctive  :  for  instance,  in  three-syllabled 
rhythm  the  verse  may  open  with  one  unaccented  syllable,  or  with  two  ;  as 

Mv  heart’s  in  the  Highlands,  my  heart  is  not  here, 
my  heart’s,  in  the  Highlands  a-chasing  the  deer 

and 

The  Assyrian  came  down  like  a  wolf  on  the  fold, 

and  his  cohorts  were  gleaming  in  purple  and  gold. 

By  means  of  these  variations  Romance  verse  breaks  up  into  over  eighty 
varieties,  most  of  them  distinct  and  quite  constant ;  Ballad  into  about 
sixty,  and  Nibelungen  and  Alexandrine  into  about  forty  each  :  and  in  all 
these  two  hundred-odd  varieties  of  rhythm  may  be  woven  any  of  the 
million-odd  stanzas  already  referred  to — which  brings  the  probable  number 
of  stanzas  of  different  rhythm  and  structure  up  to  well  over  two  hundred 
million  ;  and  the  possible  number,  brought  about  by  varying  combinations 
of  hese  primary  forms,  is,  as  a  matter  of  fact,  incalculable.  The  object 
in  presenting  these  estimated  figures  has  been  not  to  bewilder  with  the 
amazing  number  of  possible  variations,  but — well,  to  bewilder  yet  more 
by  showing  how  this  immense  wealth  of  form  flows  demonstrably  from  a 
few  elementary  forms. 

And  it  may  be  asked  again,  as  it  has  been  asked  before,  Of  what  use 
is  it  all  ?  At  least  it  shows  that  there  is  law  and  order  in  a  realm  that  has 
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been  supposed  to  be  beyond  law  and  order.  It  shows  that  the  poets  have 
not  been  working  unguided,  if  blindly  ;  that  their  appeal  to  our  hearts  is 
borne  on  the  beat  of  a  music  that  is  innate  in  every  one  of  us — and  hence 
the  power  of  the  appeal.  The  laws  followed  by  the  poe^s  are  so  simple, 
so  self -revealing,  that  they  are  learned  unconsciously  ;  their  foundations 
are  laid  in  earliest  childhood  ;  and  because  they  are  learned  so  easily  and 
so  early  we  have  assumed  that  nothing  has  been  learned — that  there  was 
nothing  to  learn.  Again,  the  analysis  will  be  of  use  to  the  poets  them¬ 
selves  ;  not  to  teach  them  their  art — nothing  can  do  that  but  the  writings 
of  their  predecessors  ;  nor  to  explain  it  :  who  desires  an  explanation  of 
beauty  and  pleasure  ?  But  it  will  supply  them  with  material.  The  work 
of  a  hundred  of  our  best  poets  has  been  examined  in  detail,  and  examples 
have  been  selected  from  over  three  hundred  poets.  Some  five  thousand 
of  the  more  commonly  used  forms  have  been  ranged  in  order  and  a  note 
made  of  the  poets  by  whom  each  of  the  forms  has  been  used.  Some 
surprise  is  occasioned,  not  by  the  number  of  forms  used,  but  by  the  number 
that  has  hardly  been  used  at  all.  Here  the  poets  will  find  their  material  ; 
and  I  feel  confident  that  the  making-known  of  this  classification  will  result 
in  a  springburst  of  apparently  new  forms. 

The  foregoing  paper  is  a  short  precis  of  a  completed  detailed  analysis 
and  classification  of  the  whole  body  of  British  verse. 

Afforestation  in  New  Zealand,  by  W.  H.  Skinner. 

Press  Notice  ( Lyttelton  Times). 

Mr.  W.  H.  Skinner,  Commissioner  of  Crown  Lands  for  Canterbury,  in  a  paper  on 
afforestation  in  New  Zealand,  read  before  the  General  Section,  claimed  advantages 
for  foreign  trees  over  native  trees  for  quick  returns  of  milling-timber.  There  was  a 
general  belief  throughout  New  Zealand,  he  said,  that  the  planting  of  certain  native 
trees,  especially  totara  and  puriri,  would  be  commercially  profitable.  That  idea  was 
altogether  erroneous.  A  full-grown  totara  might  be  five  hundred  years  old  or  more. 
Even  English  oak,  which  was  considered  too  slow  for  forestry  purposes,  would  grow 
twice  as  fast  as  puriri  when  both  were  under  the  same  conditions.  The  Royal 
Commission  on  Forestry,  appointed  in  1913,  recommended  the  following  for  extensive 
plantation:  Pinus  radiata  (better  known  as  Pinus  insicjnis),  Pinus  Laricio  (or  Corsican 
pine),  Pinus  pondr.ro  sa  (or  heavy  pine),  Pinus  Douglasii  (or  Oregon  pine),  different 
varieties  of  poplar,  and  Australian  gums  that  had  been  proved  to  be  best  suited 
to  particular  districts. 

Dr.  Cockayne  said  that  Mr.  Skinner’s  paper  was  one  of  the  most  important  that 
had  been  read  before  the  Congress.  He  briefly  traversed  Mr.  Hutchins’s  policy,  with 
which  he  did  not  agree. 

Professor  H.  B.  Kirk  said  that  he  would  have  liked  to  see  a  clear  line  of  demar¬ 
cation  made  for  the  layman  between  the  afforestation  of  denuded  areas  and  those 
partially  denuded.  The  truth  about  the  slow  growth  of  New  Zealand  trees  was  apt 
to  be  exaggerated.  Some  species — totara,  for  example — were  extremely  slow-growing 
in  their  early  years,  but  later  grew  rapidly.  This  being  the  case,  it  was  folly  to  destroy 
young  trees  because  they  were  not  timber  to-day. 


Some  Proposals  with  regard  to  Natural  Afforestation  in  a  New  Zealand 
Mountain  Area,  by  W.  G.  Morrison. 

Introduction. 

Up  to  the  present  time,  in  New  Zealand,  that  planting  of  trees  on  a 
large  scale  which  may  be  termed  “  afforestation  ”  has  been  confined  to  an 
altitude  of  considerably  less  than  2,500  ft.,  with  the  exception  of  certain 
parts  of  the  Maniototo  Plain  and  a  few  high  points  of  other  State  planta¬ 
tions.  Further,  no  attempt  has  been  made  to  establish  forest  according  to 
the  methods  of  nature — that  is,  by  natural  invasion  of  large  areas  by  means 
of  small  groups  of  trees,  or  even  from  isolated  individuals. 
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The  establishment  of  plantations  either  for  true  forestry  purposes, 
or  for  shelter,  or  for  other  reasons,  has  been  carried  out  by  the  actual 
planting  of  the  young  trees  by  hand.  This  method  limits  the  area 
available  to  such  as  can  be  utilized  at  a  minimum  of  expense.  Thus 
rugged  much-broken  country  of  little  value  for  pastoral  purposes  cannot 
be  made  use  of  for  afforestation  on  the  above  lines  ;  indeed,  planting 
such  places  with  young  trees  would  be  virtually  impossible.  On  the 
Canterbury  Plains,  and  to  some  extent  elsewhere  in  New  Zealand,  planta¬ 
tions  of  Eucalypti  have  been  raised  successfully  by  sowing  seeds,  the 
ground  having  been  generally  first  ploughed  and  a  seed-bed  prepared. 
This  method  obviously  costs  a  good  deal,  and  on  unploughable  ground  is 
not  practicable.  Undoubtedly,  could  artificial  plantations  be  raised  every¬ 
where  by  planting  young  trees,  and  if  such  planting  could  be  carried  out 
at  a  very  much  smaller  cost  than  is  at  present  the  case,  then  no  other 
method  of  afforestation  would  be  necessary.  But  it  is  quite  the  contrary. 
Planting  at  even  so  cheap  a  rate  as  is  the  case  with  the  State  plantations 
greatly  limits  the  area  to  be  afforested.  Natural  afforestation  by  means  of 
seeds  from  “  mother  trees  ”  ought  to  be  carried  out  at  less  than  one-tenth 
the  cost  of  even  the  present  relatively  cheap  methods,  and  perhaps  this 
estimate  is  too  high.  This  matter  of  cheap  afforestation  is  all-essential, 
so  that  even  if  my  opinion  as  expressed  in  this  paper  may  prove  too 
optimistic  the  expectation  of  making  forests  in  the  manner  suggested 
should  surely  be  worthy  of  experiment.  Such  experiments  could  be  carried 
out  at  a  quite  trifling  cost.  Should  they  succeed — and  the  evidence  in 
favour  of  such  success  seems  indisputable — the  ultimate  gain  to  New 
Zealand  could  only  be  expressed  in  millions  of  pounds  sterling. 

I  cannot  do  better  than  quote  that  eminent  authority  on  forestry 
matters,  Sir  William  Schlich,  on  natural  regeneration 

Merits  of  Natural  Regeneration  by  Seed. 


(a.)  Advantages. 


1.  Natural  regeneration  involves  less  expenditure  than  sowing  or  planting.  In 
some  cases  the  outlay  may  be  absolutely  nil,  but  in  most  cases  some  artificial  help  has 
to  be  given,  either  by  working  (wounding)  the  soil,  or  by  sowing  and  planting.  Still, 
the  outlay  is  considerably  smaller.  It  must  not  be  overlooked,  however,  that  in  the 
majority  of  cases  natural  regeneration  requires  much  time  ;  as  long  as  the  shelter- 
tre'es  increase  sufficiently  in  size  and  quality  so  as  to  make  up  for  any  loss  on  this  account 
no  harm  is  done,  but  where  this  is  not  the  case  artificial  regeneration  may  actually 
be  more  profitable,  since  no  loss  of  increment  occurs. 

2.  Damage  by  frost,  drought,  and  weed-growth  is  avoided,  or  at  any  rate  con¬ 
siderably  reduced.  The  same  may  be  said  as  regards  damage  by  insects,  though 
perhaps  not  to  an  equal  extent. 

3.  The  activity  of  the  soil  is  maintained,  and,  to  a  considerable  extent,  rendered 
independent  of  climatic  influences. 

4.  Owing  to  the  greater  number  of  plants  per  unit  of  area,  clearer  and  straighter 
stems  are  produced  than  in  plantings,  and  also  frequently  in  sowings,  though  the 
difference  in  the  latter  case  is  less  decided.  This  advantage  can  be  nullified  to  a 
considerable  extent  by  dense  planting  and  sowing,  but  in  that  case  the  cost  is  pro¬ 
portionately  increased. 

(■ b .)  Disadvantages. 


1.  The  method  is  more  complicated  and  difficult  than  artificial  regeneration;  hence 
it  demands  more  skilful  foresters. 

2.  The  intermittent  nature  of  seed  years  produces  many  drawbacks  as  regards  the 
equalization  of  the  yield  and  the  control  of  operations. 

3.  The  removal  of  produce  is  also  more  expensive. 


Summing-up. 


Neither  the  artificial  nor  the  natural  method  of  regeneration  is  the  best  at  all  times 
and  under  all  circumstances  ;  only  a  consideration  of  the  local  conditions  can  lead  to 
a  sound  decision  as  to  which  is  preferable  in  a  given  case. 
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Of  course,  much  of  the  above  quotation  does  not  apply  to  the  scheme 
outlined  in  this  paper,  as  many  of  the  remarks  are  applicable  only  to  natural 
regeneration  under  shelter-trees,  and  do  not  have  any  bearing  on  the  spread 
of  forest  from  “  mother  trees  ”  over  country  hitherto  unforested. 

A  residence  of  approximately  ten  years  on  the  Hanmer  Plains,  together 
with  numerous  botanical  excursions  into  the  high  mountains  adjacent 
thereto,  has  afforded  me  opportunity  to  examine  the  conditions  for  natural 
afforestation  in  that  area  as  regulated  by  soil,  altitude,  and  climate. 
Also,  a  considerable  variety  of  trees  has  been  planted  not  only  by 
the  Lands  Department,  but  by  the  Tourist  Department  and  private 
individuals,  and,  as  many  of  these  trees  have  been  bearing  seeds  for  some 
time,  a  good  deal  of  information  can  be  gained  by  observing  what  species 
are  being  reproduced  spontaneously  and  the  conditions  regulating  such 
production. 

Schlich,  dealing  with  the  natural  regeneration  of  woods  as  practised  in 
European  countries,  goes  very  fully  into  the  various  systems  adopted  in 
the  formation  of  forests  by  the  natural  spread  of  the  young  trees  by  seed 
shed  from  the  parent  trees,  or,  to  use  his  expression,  from  the  “  mother 
trees.”  To  quote  fully  the  various  systems  in  practice  in  these  countries 
would  unduly  lengthen  this  paper  to  little  purpose,  for  a  special  variation 
of  the  methods  used  in  European  countries  would  have  to  be  introduced 
in  order  to  meet  the  very  different  climatic,  soil,  and  other  conditions 
prevailing  over  the  area  of  high  country  with  which  this  paper  proposes 
to  deal.  One  system,  however,  may  be  specially  mentioned,  as  it  brings 
under  notice  the  necessity  of  afforestation  of  high-mountain  areas.  The 
method  is  called  by  Schlich  the  selection  system,  and  in  Europe  “  is  con¬ 
fined  to  localities  where  the  uninterrupted  maintenance  of  a  crop  of  forest- 
trees  is  necessary  for  the  protection  of  the  soil  against  heavy  rain  followed 
by  denudation  or  erosion,  avalanches — in  fact,  for  so-called  ‘  protection 
forests  5  in  high  or  steep  mountains.” 

The  various  systems  of  natural  regeneration  under  review  by  Schlich, 
however,  deal  with  areas  already  under  forest  and  from  which  cuttings 
have  been  systematically  made  with  a  view  to  subsequent  regeneration 
from  certain  parent  trees.  These  have  been  left  for  the  above  purpose  in 
groups,  strips,  or  single  trees  as  the  forester  may  think  suitable  to  the 
prevailing  conditions.  Over  the  area  which  is  now  being  considered, 
however,  no  such  forests  exist  from  which  natural  regeneration  could 
possibly  be  carried  on — in  fact,  but  for  comparatively  small  areas  of 
indigenous  southern-beech  forests  (popularly  and  erroneously  spoken  of  as 
“  bircb  ”)  in  sheltered  gullies,  and  now  fast  disappearing,  the  mountain- 
slopes  are  mainly  composed  of  tussock-grassland.  At  a  higher  altitude 
the  vegetation  consists  of  a  sparse  covering  of  subalpine  plants,  which 
in  places  gives  way  to  areas  devoid  of  plant-covering  where  erosion  has 
already  exercised  its  evil  sway.  Under  such  conditions  it  will  obviously 
be  necessary  to  introduce  the  “  mother  trees  ”  from  which  it  is  proposed 
that  the  natural  afforestation  of  these  practically  treeless  areas  shall  take 
place. 

In  the  countries  already  mentioned,  trees  of  a  character  similar  to  those 
indigenous  to  those  countries  are  used.  But  no  indigenous  New  Zealand 
tree  is  in  its  special  requirements  at  all  similar  to  the  trees  used  in  European 
forestry.  That  is  to  say,  our  trees  are  evergreen,  and  there  are  no  needle¬ 
leaved  pine-trees,  whereas  in  Europe  the  trees  used  for  forestry  are  almost 
always  deciduous  trees  or  needle-leaved  pines.  The  only  genus  of  New 
Zealand  trees  at  all  resembling  those  occasionally  used  in  Europe  is 
Libocedrus ,  which  is  of  the  cypress  type,  so  well  known  in  the  introduced 
Gupressus  macrocarpa. 
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The  Indigenous  Forests  of  the  Hanmer  Area. 

In  order  to  estimate  the  likelihood  of  establishing  forest  by  means  of 
seed  shed  by  trees  which  may  be  planted  for  that,  purpose  it  seems  well 
in  the  first  place  to  give  some  account  of  the  original  distribution  of  the 
indigenous  forests  of  the  Hanmer  area  and  of  their  composition.  Regard¬ 
ing  the  distribution  of  the  South  Island  forests  in  general,  nothing  stands 
out  more  clearly  than  the  fact  pointed  out  by  L.  Cockayne  in  various 
papers,  “that  the  distribution  of  forest  and  grassland  in  the  Southern 
Alps  and  other  eastern  ranges  is  in  absolute  harmony  with  the  distri¬ 
bution  of  the  western  rainfall,  and  that  there v  is  a  line  extending  from 
the  north  to  the  south  of  the  South  Island  where  the  mighty  forest  of  the 
west  gives  place  all  on  a  sudden  to  tussock-grassland.”  This  line  of 
demarcation  between  tussock  and  grassland  lies  considerably  to  the  west 
of  Hanmer  Plains.  This,  however,  does  not  mean  that  forest  does  not 
occur  to  the  east  of  the  continuous  western  forest,  or  that  a  monotonous 
uniformity  distinguishes  the  plant-covering  of  the  mountain  valleys  and 
slopes  in  the  tussock  area.  On  the  contrary,  the  mountains  adjacent  to 
the  Hanmer  Plains  show  a  marked  difference  in  their  floras  as  we  proceed 
east  or  west.  Many  species,  for  instance,  are  present  in  abundance  on 
Mount  Percival  which  are  wanting  on  Mount  Miromiro,  and  vice  versa , 
though  the  two  mountains  are  distant  approximately  only  ten  miles  from 
each  other,  Mount  Miromiro  being  the  more  westerly. 

The  presence  of  forest  rather  than  of  grassland  depends,  as  may  be 
gathered  from  what  has  gone  before,  upon  the  climate,  and  more  especially 
upon  the  rainfall,  or,  rather,  upon  the  average  annual  number  of  rainy 
days.  But  aspect,  by  regulating  evaporation,  may  furnish  local  forest  "condi¬ 
tions,  so  that  forest  almost  identical  with  that  of  the  west  may  flourish  in 
isolated  patches — often  of  considerable  size — in  the  eastern  grassland  area. 
This  happened  originally  to  no  small  degree  on  the  Hanmer  mountains, 
although  much  that  was  originally  forest  is  through  the  settlers’  acci¬ 
dental  or  premeditated  burning  now  tussock-grassland  pure  and  simple. 
Such  grassland  at  first  sight  might  well  be  considered  primitive,  but 
evidently  it  is  a  plant  association  induced  by  fire  followed  by  sheep-grazmg. 
Generally  speaking,  in  the  Hanmer  mountains  every  deep  gully  and 
many  of  the  adjacent  southward-facing  slopes  carried  forest,  and  so  too 
did  many  shady  slopes.  Even  yet  there  are  considerable  areas  of  such 
forest,  and  every  transition  may  be  seen  between  forest  and  grassland. 

The  plant-covering  consists,  so  far  as  high  forest  goes,  of  certain 
species  of  southern-beech  (N othofagus) .  To  the  west  of  the  area — i.e ., 
where  the  maximum  of  rainy  days  occurs — the  species  are  N othofagus 
cliff ortioides,  N.  fusca,  N.  Solanderi,  and,  to  a  smaller  extent,  N.  Menziesii 
and  N.  Blairii.  A  more  important  constituent  from  the  forestry  stand¬ 
point  is  the  thin-barked  totara,  Podocarpus  Hallii.  There  are  many  other 
trees  and  shrubs,  a  list  of  which  I  propose  to  publish  in  another  place. 

The  total  number  of  species  contained  in  the  Hanmer  indigenous  plant¬ 
covering  is  485,  which  belong  to  55  orders  and  160  genera.  Taking  the 
growth-forms,  10  are  trees  above  40  ft.  high,  10  trees  generally  of  small 
stature,  9  woody  climbing-plants,  3  parasites,  426  shrubs,  herbs,  and 
semi-woody  plants,  and  27  ferns  and  fern  allies.  The  presence  of  the  last- 
mentioned  group  and  of  a  considerable  number  of  the  other  species  denotes 
conditions  much  wetter  than  those  which  exotic  trees  demand — conditions 
which  would  be  of  great  advantage  in  the  establishment  and  spread  of 
such  trees.  It  must  not  be  forgotten,  however,  that  the  conditions  of 
the  forest  interior  depend  in  large  measure  upon  the  evergreen  character 
of  the  trees  and  shrubs,  and  lead,  inter  alia ,  to  a  remarkably  uniform 
environment  at  all  seasons  of  the  year. 
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Spontaneous  Reproduction  of  Exotic  Trees. 

In  order  to  see  what  species  of  trees  are  suitable  for  purposes  of 
spontaneous  reproduction  I  have  taken  careful  observations  of  what  is 
happening  within  and  outside  the  plantations  of  the  Hanmer  Plains  and 
elsewhere.  That  which  takes  place  outside  a  plantation  indicates  what 
trees  are  likely  to  increase  their  numbers  under  the  conditions  of  the  open, 
while  that  which  takes  place  inside  the  plantation  indicates  the  regenerative 
powers  of  the  forest  after  its  establishment. 

On  some  of  the  North  Canterbury  sheep-stations,  the  areas  of  which 
spread  far  into  the  high-mountain  country,  shelter  plantations  of  exotic 
trees,  mainly  conifers,  were  established  forty  to  fifty  years  ago  or  more. 
These  plantations  apparently  reached  the  seeding  stage  at  a  very  early 
age,  and  their  seeds  were  scattered  broadcast  by  the  terrific  north-west 
winds  which  are  such  a  marked  feature  of  the  mountain  areas.  The 
results  of  this  seeding  are  apparent  in  many  places  to-day,  for  not  a  few 
of  the  offspring  of  the  original  plantations  are  now  from  20  ft.  to  30  ft. 
in  height,  and  are  themselves  seeding  profusely  and  reproducing  seedlings 
again  at  a  most  astonishing  rate,  so  that  one  may  observe  at  a  glance  the 
three  generations  in  progress.  Standing  on  an  eminence  one  may  trace 
a  course  of  reproduction  in  a  direct  line  with  the  north-west  wind  from  the 
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Fig.  1. — Natural  regeneration  of  Finns  sylvestris.  The  parent  plantation,  containing 
some  half-dozen  “mother  trees”  of  Scots  pine,  from  which  regeneration  has  taken 
place.  Main  spread  of  young  forest  to  the  eastward ;  some  slight  regeneration  may 
be  seen  to  the  westward  of  the  parent  plantation. 

parent  plantation,  thus  pointing  to  the  wind  as  practically  the  sole  distri¬ 
buting  agent.  No  sign  of  any  reproduction  worth  mentioning  can  be  found 
to  the  north-west  of  any  of  the  parent  plantations  or  trees,  a  clear  proof  that 
practically  no  other  carrying  agent  has  been  at  work  in  this  locality.  It 
is  desired  to  stress  specially  the  fact  of  the  wind  being  the  dominant  distri¬ 
buting  agency,  as  it  will  be  one  of  the  main  features  governing  afforestation 
of  our  high  country  by  means  of  natural  regeneration  (see  fig.  1). 

This  spontaneous  reproduction  has  taken  place  on  the  Hanmer  Plains 
and  elsewhere  under  adverse  conditions,  and  over  country  abounding  with 
enemies  to  tree-growth.  This  country  is  infested  with  hares  and  rabbits, 
and  heavily  grazed  with  sheep,  horses,  and  cattle,  and  presents  to  the  eye 
a  most  unpromising  seed-bed,  swept  as  it  is  by  drying  winds  which  parch 
the  surface  to  an  intense  degree  at  various  periods  of  the  year.  This 
regeneration  has  taken  place  without  any  artificial  aid  and  without  any 
care  or  attention  from  man,  and  can  be  seen  going  on  for  some  distance 
from  the  parent  plantations,  showing  three  generations  of  trees  in  the  com¬ 
paratively  short  period  of  probably  less  than  fifty  years,  under  conditions 
contrary  to  the  findings  of  the  text-books  on  this  subject. 
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Going  into  further  details  with  regard  to  this  spontaneous  spread  of 
trees,  there  is  (a)  the  “  mother  tree ,”  fully  matured  in  timber-production 
and  seed,  80  ft.  or  more  in  height ;  ( b )  the  offspring,  also  a  “  mother  tree,” 
seeding  profusely,  20  ft.  to  30  ft.  in  height,  large  enough  to  furnish  fencing- 
timber,  and  producing  seedlings  in  abundance  ;  (c)  the  seedling  offspring 
of  (b),  from  a  few  inches  to  a  foot  or  more  in  height,  which  will  come  into 
profitable  size  in  the  course  of  a  comparatively  few  years. 

The  following  is  a  list  of  the  trees  which  are  reproducing  themselves 
from  seed  at  the  present  time,  with  statistics  showing  approximately  the 
rate  at  which  seedlings  are  being  produced  per  acre  in  this  manner  : — 

Pinus  radiata  (Monterey  pine)  :  Approximately  forty  years  old  ;  pro¬ 
ducing  seedlings  at  rate  of  about  one  thousand  per  acre  ;  seedlings  from 
10  ft.  to  15  ft.  in  height ;  reproduction  going  on  from  foot  of  “  mother 
tree  ”  to  200  yards  distant  on  grass  and  tussock  sidelings,  bare  clay,  and 
rocky  faces. 

Pinus  Pinaster  (Cluster  pine)  :  Twenty  years  old,  30  ft.  high  ;  repro¬ 
duction  going  on  at  approximate  rate  of  three  thousand  seedlings  per  acre, 
from  under  “  mother  tree  ”  to  200  yards  distant.  Seedlings  from  6  in.  to 
8  ft.  high  ;  many  growing  on  roadway  used  for  stock-grazing  and  general 
traffic. 

Pinus  Pinaster:  Forty-  to  fifty-year-old  trees  from  60ft.  to  80ft. 
high ;  producing  seedlings  at  above  rate.  Seedlings  from  a  few  inches  to 
approximately  30  ft.  high.  Many  trees  now  growing  at  a  distance  of  two 
miles  from  the  parent  trees,  on  country  heavily  grazed,  and  infested  with 
rabbits  and  hares. 

Betula  alba  (Silver-birch)  :  Seeding  freely  at  fifteen  years  old.  Seedlings 
at  the  rate  of  several  hundreds  per  acre  in  the  open,  from  the  parent  tree 
to  50  yards  distant,  from  a  few  inches  to  3  ft.  in  height. 

Quercus  pedunculata  (English  oak)  :  Approximately  forty  years  old ; 
30  ft.  .to  50  ft.  high  or  more  ;  reproducing  seedlings  in  tens  of  thousands 
per  acre  under  parent  tree  to  a  chain  or  more  distant ;  young  trees  from  a 
few  inches  to  8  ft.  in  height. 

Larix  europaea  (European  larch)  :  Approximately  forty  years  old  ;  50  ft. 
or  more  high  ;  young  plants  at  the  rate  of  several  hundred  per  acre  ;  from 
the  parent  tree  to  a  chain  or  more  distant ;  seedlings  from  a  few  inches 
to  3  ft.  high. 

Pinus  sylvestris  (Scots  pine)  :  The  spread  of  this  species  by  natural 
means  in  this  district  is  well  worthy  of  special  mention.  From  some 
half-dozen  trees  in  a  shelter  plantation  which  includes  several  species  of 
conifer  the  seedlings  have  densely  clothed  an  area  of  some  acres  in  extent 
to  the  entire  exclusion  of  other  species  (see  figs.  1,  2,  and  3).  The  regenera¬ 
tion  has  taken  place  almost  exclusively  to  the  south-east  of  the  “  mother 
trees,”  and  the  young  forest  is  of  such  density  in  parts  as  tp  be  almost 
impenetrable,  the  average  distance  between  the  trunks  being  not  more 
than  2  ft.  Useful  fencing-material  is  now  being  cut  from  this  incipient 
forest,  the  average  height  of  the  young  trees  being  from  20  ft.  to  30  ft., 
with  a  diameter  at  the  butt  of  6  in.  or  more  ;  and  last,  but  not  least, 
the  cost  of  production  has  been  practically  nil. 

It  is  perfectly  obvious  that  when  such  spontaneous  regeneration  as 
has  been  described  takes  place  under  conditions  so  unfavourable,  then 
under  the  most  favourable  natural  conditions  the  possibilities  for  similar 
regeneration  are  far  from  small. 

Ecological  Conditions  of  the  Area. 

So  far  as  economic  pastoral  considerations  are  concerned,  the  land  in 
the  area  suggested  for  afforestation  can  in  general  be  described  as  incapable 
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[C.  G.  Christensen,  photo 


Fig.  2.  A  comer  of  the  natural  forest  of  Scots  pine,  showing  where  young  trees  have 

been  cut  out  for  utilization  on  the  station. 


[O.  G.  Christensen,  photo. 

Fig.  3. — Extreme  point  of  natural-regeneration  area,  showing  young  trees  in  various 

stages  of  development. 
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of  carrying  more  than  one  sheep  to  ten  acres.  Without  going  into  precise 
details,  the  general  ecological  conditions  of  the  area  are  as  follows  : — 

(a.)  The  soil,  though  varying  greatly  in  character,  is  admirably  suited  for 
the  growth  of  trees,  as  evidenced,  in  the  first  place,  by  the  excellent  artificial 
plantations  of  the  plain  and  the  slopes  adjacent,  and,  in  the  second  place,  by 
the  existence  at  one  time  of  the  indigenous  forest  areas  already  mentioned. 

(b.)  There  are  many  gullies  and  slopes  with  a  southern  aspect  where  a 
climate  exists  quite  distinct  with  regard  to  evaporation  from  that  which 
favours  tussock  or  grassland,  but  akin  to  the  forest  climate  of  the  west.  The 
' present  southern-beech  forest  ascends  to  an  altitude  of  4,000  ft.,  more  or  less. 
At  its  upper  altitudinal  limit  for  a  few  chains  the  trees  are  much  stunted,  but 
below  this  line  the  trees  are  of  fair  size.  Many  exotic  species  are  much  more 
'  tolerant  of  high  altitudes,  and  the  stunting  action  of  the  subalpine  conditions 
would  be  much  reduced  for  such  trees.  Compare,  for  instance,  the  altitude 
at  which  larch  forests  exist  in  the  European  Alps  (7,000  ft.)  and  that  at 
which  the  New  Zealand  subalpine  forest  gives  out  (4,000  ft.). 

(c.)  In  regard  to  climate  generally,  the  rainfall  is  ample  for  the  successful 
growth  of  trees.  With  increase  of  altitude  the  rainfall  increases  consider¬ 
ably.  There  is  no  cold  comparable  with  that  of  central  Europe,  temperate 
Asia,  or  northern  and  eastern  North  America,  whence  come  many  trees 
used  in  New  Zealand  afforestation.  It  is,  in  fact,  the  equable  climate  of 
New  Zealand,  even  in  the  mountain  areas,  which  allows  the  growth  of  exotic 
trees  to  exceed  so  greatly  their  annual  growth  in  their  native  lands.  As 
for  snow;  the  past  winter  has  been  a  splendid  object-lesson.  Notwith¬ 
standing  a  fall  of  4  ft.  6  in.  on  the  Hanmer  Plains,  the  damage  to  the 
plantations  was  not  worth  mentioning.  At  high  altitudes  it  is  only  an 
occasional  snow  avalanche  which  can  damage  the  forest.  The  north-west 
wind  is  certainly  very  severe.  All  the  same,  the  natural  spread  of  trees 
now  taking  place  shows  that  its  ecological  effect  with  regard  to  stunting 
forest  and  causing  excessive  transpiration  is  of  no  moment  whatever.  On 
the  other  hand,  as  already  pointed  out,  this  wind  favours  seed-distribution 
to  an  extraordinary  degree. 

The  following  notes  with  regard  to  the  climate  of  the  Hanmer  Plains 
are  of  interest,  and  apply  equally  to  that  great  area  of  high  country 
stretching  from  the  Spenser  Ranges  southwards  and  forming  the  lower 
slopes  and  foothills  of  the  great  Southern  Alps,  an  area  which  would  be 
admirably  adapted  for  afforestation  on  the  lines  put  forward  in  this  paper. 


Rainfall  and  Temperature,  etc.,  of  the  Hanmer  Plains. 


Year. 

Rainfall. 

Number  of 
Days 

Rain  fell. 

Temperature. 

Number  of 
Days  Frost 
occurred. 

Max. 

Min. 

1905  . . 

Inches. 

62-18 

164 

Degrees. 

91 

Degrees. 

13 

1906  .  . 

34-71 

117 

94 

18 

1907  . . 

48-44 

116 

98 

18 

1808  . . 

44-77 

151 

83 

17 

1909  .  . 

43-74 

139 

90 

20 

1911  .. 

51-38 

131 

94 

17 

61 

1912  .  . 

50-73 

139 

90 

15 

89 

1913  .  . 

45-82 

128 

88 

19 

81 

1914  .  . 

37-96 

132 

91 

20 

106 

1916  .  . 

42-87 

109 

90 

16 

133 

1917  .  . 

59-17 

139 

89 

17 

120 

1918  .. 

43-94 

117 

97 

8 

159 
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From  the  above  table  it  will  be  seen  that  the  average  annual  fall  covering 
the  years  mentioned  is  approximately  48  in.,  which  is  well  above  the  safety- 
margin  below  which  the  successful  planting  of  trees  would  be  a  matter  of 
great  uncertainty.  An  average  annual  fall  of  under  20  in.  would  probably 
not  create  sufficiently  moist  conditions  for  the  successful  formation  of  forests, 
owing  partly  to  the  evaporating-power  of  the  frequent  winds,  and  partly 
to  the  porous  nature  of  much  of  the  ground,  together  with  the  steep  slopes. 
The  seasons  under  review  show  a  fairly  high  average  humidity,  with  a  high 
proportion  of  rainy  days,  so  essential  a  factor  in  successful  afforestation. 
The  readings  of  the  thermometer  do  not  indicate  any  great  variation  in 
temperature.  There  is  sufficient  warmth  in  the  growing  season,  and  the 
cold  in  winter  cannot  be  at  all  compared  to  that  ruling  in  the  natural  habitats 
of  many  of  the  trees  used  for  establishing  plantations  in  this  locality. 

First  Steps  in  attempting  the  Establishment  of  Forest  by  the 

Natural  Spread  of  Trees. 

As  a  first  step  it  would  be  necessary  to  consider  what  species  of  trees 
would  most  nearly  approach  the  standard  essential  to  the  success  of  the 
proposition — that  is,  those  species  which  would  combine  the  greatest  power 
to  reproduce  themselves,  together  with  quality  of  timber,  suitability  to 
soil  and  climatic  conditions,  &c.  Those  species  already  mentioned  in  this 
paper  which  are  so  readily  reproducing  young  trees  under  adverse  condi¬ 
tions  naturally  recommend  themselves.  All  are  to  a  greater  or  less  degree 
of  timber  value,  with  perhaps  the  exception  of  silver-birch,  whose  timber 
would  probably  not  find  a  ready  market  in  a  country  so  young  as  New 
Zealand.  Pinus  Pinaster  is  more  valued  for  its  resinous  products  than 
for  its  timber,  and  in  parts  of  France,  where  it  has  spread  spontaneously 
over  large  tracts  of  country,  it  forms  the  main  source  of  wealth  to  the 
inhabitants  ;  in  fact,  this  tree  is  by  far  the  most  valuable  pine  of  the 
Mediterranean  region. 

There  is,  however,  a  wide  range  of  selection  in  the  great  order  of 
coniferous  trees,  and  it  is  in  these  trees  more  than  in  any  others  that  the 
essential  combination  for  success  would  appear  most  likely  to  be  found. 
For  instance,  many  of  the  North  American  coniferous  trees  have  an 
extremely  wide  range  over  districts  of  many  diversities  of  climate,  soil,  &c., 
and  this  fact  alone  would  suggest  powers  of  natural  regeneration  developed 
to  a  marked  degree  ;  so  that  little  or  no  difficulty  may  be  anticipated  in 
making  a  selection  of  trees  eminently  suited  to  the  purpose  in  view.  It  is 
noteworthy  that  quite  a  variety  of  trees  have  shown  themselves  to  be 
perfectly  adapted  for  spontaneous  reproduction,  and  this  is  remarkable 
considering  the  small  number  of  species  old  enough  to  produce  seed. 
Following  on  the  selection  of  the  species  of  trees  to  be  used  for  the  regenera¬ 
tion  of  the  area  comes  the  problem  of  the  establishment  of  the  “  mother 
trees,”  either  by  a  system  of  individual  plantings,  by  strips,  or  by  groups,  &c. 
The  method  presenting  itself  as  most  likely  to  be  economical  and  efficient 
would  naturally  be  selected,  but  this  would  depend  to  some  extent  upon 
experiment.  Obviously,  the  plantings  would  be  made  where  a  maximum 
of  results  migh  be  expected,  and  would  depend  largely  upon  the  topography 
of  the  particular  area  being  dealt  with,  the  first  objective  being  to  gain 
the  full  effect  of  wind,  slope,  &c.,.  as  distributing  agents.  The  plantings 
would,  of  course,  be  made  at  the  higher  elevations  ;  along  the  more 
sheltered  sides  of  ridges  overlooking  sidelings  ;  and  at  the  top  of  slopes — 
having  due  consideration  for  the  direction  of  the  prevailing  wind.  With 
regard  to  the  actual  planting  of  the  young  trees,  the  methods  in  use 
throughout  the  State  plantations  could  be  adopted.  In  every  case  the 
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areas  planted  with  “  mother  trees  ”  should  be  selected  so  that  the  maximum 
of  spontaneous  reproduction  can  be  secured. 

Under  the  excellent  general  conditions  which  are  present  over  the  area 
in  question  the  spontaneous  spread  of  forest  would  commence  within  a 
comparatively  short  period  from  the  time  that  the  “  mother  trees  were 
established.  Indeed,  there  is  local  evidence  in  favour  of  the  anticipation 
that  the  seeding  stage  would  be  reached  in  from  ten  to  fifteen  years  from 
planting  in  the  case  of  some  species.  Trees  8  ft.  in  height  may  now  be 
seen  which  have  been  produced  from  seed  shed  by  “  mother  trees  ”  less 
then  twenty  years  old  at  the  present  time,  proving  conclusively  that  fertile 
seed  was  produced  by  these  same  trees  several  years  ago. 

Size  and  Nature  of  Plantings. — The  extent  and  nature  of  the  plantings 
— whether  individual  trees,  strips,  or  groups,  &c. — would  be  governed  by 
the  area  and  configuration  of  the  ground  in  the  immediate  vicinity,  and 
by  the  area  to  be  afforested.  Advantage  would  be  taken  of  any  shelter 
provided  by  subalpine  growth  for  the  protection  of  the  young  trees  during 
their  first  stages  of  development. 

Fencing  against  Stock ,  &c. — The  erection  of  protection  fences  would  be 
quite  unnecessary,  for  there  would  be  small  likelihood  of  the  young  trees 
being  destroyed  by  rabbits,  hares,  or  sheep,  the  presence  of  these  animals 
at  the  higher  altitudes  being  approximately  as  1  to  10  compared  with  their 
numbers  on  the  country  where  regeneration  is  now  taking  place.  The 
expense  of  fencing — so  large  an  item  of  expenditure  in  the  formation  of 
our  State  plantations  in  the  past — could  thus  be  dispensed  with.  I  may 
here  mention  that  extensive  tree-planting  is  being  carried  out  by  the  State 
Forests  Department  on  unfenced  areas  on  the  Kaingaroa  Plains. 

Preparation  of  Seed-becl. — The  preparation  of  a  suitable  germinating- 
bed  is  a  matter  which  need  not  be  taken  into  consideration  here,  as  it  is 
usually  confined  to  natural  regeneration  under  shelter  woods.  In  any 
case,  the  nature  of  the  area  it  is  proposed  to  afforest  would  prohibit  any 
artificial  preparation  ;  nor  would  it  be  at  all  necessary,  for  the  natural 
covering  of  tussock  and  other  native  plants  affords  excellent  conditions  at 
all  times  for  seed-germination. 

Fires . — In  order  to  minimize  the  danger  of  damage  by  fire  it  would 
be  necessary  to  exercise  control  to  some  extent  over  the  periodical  burning- 
off  practised  on  high  country  by  station-owners.  This  phase  of  the  ques¬ 
tion,  however,  should  not  present  any  great  or  insurmountable  difficulty, 
as  the  owners  or  lessees  would  probably  take  such  interest  in  the  matter 
that  necessary  precautions  would  be  observed.  In  any  case,  there  are  great 
areas  where  the  sparse  subalpine  covering  would  not  carry  fire.  No  doubt 
arrangements  could  be  made  with  those  working  this  high  country  for 
pastoral  purposes  to  undertake  plantings  to  some  extent.  The  beneficial 
influence  of  a  forest  covering  in  tempering  the  climate  of  these  high  alti¬ 
tudes  would  probably  mean  increased  production  over  the  whole  area.' 

Tending. — With  regard  to  subsequent  care  and  attention,  I  would  leave 
the  whole  matter  to  nature  up  to  a  certain  period,  and  allow  the  universal 
law — “  the  survival  of  the  fittest  ” — to  exercise  full  sway  until  such  time 
as  the  forester’s  art  may  step  in  to  the  greatest  advantage. 

Economic  and  General  Considerations. 

It  will  be  realized  from  what  I  have  said  that  the  country  under  con¬ 
sideration  is  not  of  a  character  likely  under  any  other  type  of  utilization 
to  be  capable  of  a  large  annual  production.  Consequently  no  economic 
loss  of  any  consequence  can  result  from  the  experiments  I  advocate,  other 
than  that  incurred  in  the  preliminary  planting  experiments.  On  the  other 
hand,  if  the  experiments  are  successful  the  economic  gain  will  be  enormous. 
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In  forestry  “  the  cheapest  methods  ”  should  be  the  motto  ;  but  imme¬ 
diate  financial  considerations  should  not  cloud  the  horizon  to  the  exclusion 
of  all  other  considerations.  Other  points  which  may  be  emphasized  include 
the  covering  of  bare  and  comparatively  unproductive  areas  with  a  crop 
of  forest,  the  prevention  of  erosion,  and  the  necessity  for  the  establish¬ 
ment  and  maintenance  of  protective  forests  in  high  country  for  the  con¬ 
servation  of  our  water-supply  and  the  prevention  of  floods  on  the  lower 
levels. 

In  forestry,  more  than  in  any  other  productive  industry,  “  long  views  ” 
are  necessary,  for  the  harvest  is  not  gathered  for  many  years  after  the 
sowing — perhaps  not  for  forty,  sixty,  or  even  a  hundred  years — but  the 
returns  are  invariably  rich,  and  no  more  profitable  enterprise  could  be 
undertaken  by  the  State.  Obviously,  any  scheme  of  afforestation  requires 
“  long  views,5’  but  in  the  case  under  consideration  perhaps  rather  longer 
views  than  usual  must  be  taken.  The  scheme,  however,  commends  itself 
from  the  viewpoint  of  economy. 

Ample  machinery  already  exists  for  the  setting-aside  and  control  of 
areas  for  afforestation.  To  further  the  scheme  under  consideration,  would 
it  not  be  possible  to  insert  a  clause  in  any  lease  covering  high  country, 
reserving  the  right  to  the  State  to  plant  trees  for  natural-regeneration 
purposes  over  all  suitable  areas  at  altitudes  of  2,500  ft.  and  over,  thus  being 
fairly  certain  of  not  interfering  with  profitable  pastoral  country  ? 

To  some  extent  provision  is  being  made  for  the  timber  needs  of  the 
comparatively  near  future  by  the  excellent  artificial  plantations  which 
have  been  in  course  of  establishment  for  the  past  twenty  years  by  the  State 
Forests  Branch  of  the  Lands  Department,  and  which  are  yielding  revenue 
at  even  this  early  stage  of  their  development.  For  the  period  of  twenty 
years,  over  which  afforestation  has  been  carried  on,  the  area  annually 
afforested  works  out  at  approximately  1,632  acres,  the  total  area  artificially 
planted  to  the  year  1917-18  being  32,645  acres. 

In  the  report  on  afforestation  for  the  year  1915  it  was  computed  that 
our  native  timber  reserves  were  being  depleted  at  the  rate  of  24,000  acres 
yearly.  To  replace  this  great  annual  depletion  of  our  native  forests  an 
area  of  less  than  2,000  acres  has  been  afforested  yearly,  or  less  than 
one-fourteenth  the  area  deforested.  Over  a  period  of  about  twenty  years 
an  area  of  approximately  32,000  acres  is  afforested  to  replace  deforestation 
to  the  extent  of  about  480,000  acres  in  the  same  period.  These  are  startling 
figures,  and  in  no  small  measure  afford  a  convincing  argument  in  favour 
of  wider  methods  and  an  extension  of  our  afforestation  operations.  By  all 
means,  let  the  afforestation  of  our  more  accessible  waste  areas  continue 
under  the  excellent  methods  now  in  practice  ;  but  let  “  Mother  Nature  ” 
deal  with  our  high  country. 

This  scheme  is  not  one  of  my  own  making,  but  one  that  the  trees  them¬ 
selves  have  shown  me  to  be  practicable  ;  and  why  not  follow  “  Mother 
Nature,”  that  often  slow  but  always  successful  worker,  who  has  here  given 
the  clue  to  the  successful  afforestation  of  such  areas  as  those  I  have  described 

Preservation  of  New  Zealand  Fauna,  by  E.  G-.  Stead. 

Press  Notice  ( The  Press). 

Mr.  Stead  said  that  from  the  scientific  point  of  view  alone  our  native  birds  should 
were  the  only  means  of  preservation  we  possessed.  Even  as  it  was,  the  sanctuaries 
be  preserved  for  the  use  of  scientists  of  succeeding  generations.  Our  sanctuaries 
must  be  overrun  in  time  by  imported  birds,  against  which  many  of  the  native  species 
found  it  hard  to  survive.  We  must  make  the  most  extraordinary  efforts  to  give 
them  a  chance.  Therefore  the  sanctuaries  should  be  made  as  complete  as  possible. 
It  was  not  generally  known  in  this  country  that  a  bird  removed  from  one  district  to 
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another  could  not  always  survive,  even  though  the  conditions  appeared  to  be  suitable. 
It  was  one  of  the  serious  defects  of  our  sanctuaries  that  no  list  had  been  prepared  by 
any  competent  person  of  the  birds  which  should  be  placed  on  any  particular  sanctuary. 
The  value  of  Kapiti  Island  as  a  •  sanctuary  was  marred  by  the  fact  that  only  half  the 
place  was  utilized  as  a  sanctuary,  the  other  half  being  a  Maori  reserve.  The  whole 
of  the  island  should  become  a  sanctuary.  Two  things  had  happened  at  Stewart 
Island  which  indicated  an  entire  lack  of  sense :  deer  and  opossums  had  been 
introduced.  He  would  like  the  meeting  to  carry  a  motion  requesting  the  .Government 
to  have  the  deer  on  Stewart  Island  exterminated.  Opossums  fouled  the  nesting- 
places  of  kakas,  and  he  felt  sure  this  had  been  the  reason  for  the  disappearance  of  the 
kakas  from  the  slopes  of  Mount  Herbert.  He  condemned  the  action  of  the  Government 
in  removing  a  caretaker  from  Resolution  Island.  Stricter  regulations  should  be  taken 
to  prevent  raiding  parties  from  the  Bluff  proceeding  to  Stewart  Island  to  “pot”  at 
pigeons  and  kakas.  Is  was  absolutely  necessary  that  some  education  should  be 
imparted  to  the  children  in  the  schools  regarding  our  native  birds.  No  amount  of 
law-passing  would  prevent  the  pot-shot  or  the  vandal  hunter  from  shooting  native 
birds.  It  was  possible  only  to  preserve  these  birds  by  education  in  our  schools. 
Though  all  this  might  appear  aesthetic,  it  was  of  immense  practical  value.  Bird-life 
must  interest  a  youngster  in  everyday  life.  The  law  in  New  Zealand  at  the  present 
time  was  in  a  hopeless  mess  :  it  was  a  muddle  from  start  to  finish.  Ih  England  the 
law  provided  that  no  bird  could  be  shot  during  its  nesting  season,  and  that  was  the 
most  important  point  in  any  bird-preservation  law.  Birds  which  were  interesting 
from  a  scientific  as  wrell  as  a  popular  standpoint  should  be  protected.  This  country 
possessed  no  fewer  than  fifteen  varieties  of  cormorants  or  shags — more  than  any  other 
country  in  the  world.  On  some  rocks  in  Cook  Strait  lived  a  particular  type  of  shag 
which  existed  nowhere  else  in  the  world.  Yet  these  birds  were  not  protected,  and 
were  the  prey  of  every  collector  who  could  secure  a  high  price  for  every  specimen. 
The  shags  did  no  harm  to  our  salt-water  fish,  but  proved  soft  prey  for  vandal  hunters, 
whole  colonies  in  Stewart  Island  being  murdered.  Many  of  our  birds  could  only  be 
preserved  for  science,  but  many  others  could  be  saved  for  the  public.  An  attempt 
was  being  made  to  make  the  Avon  a  preserve  for  wild-fowl,  the  finest  in  New  Zealand. 
Auckland  could  make  St.  John’s  Lake  a  similar  reserve,  and  the  same  could  be  done 
elsewhere. 


Daylight-saving,  by  C.  E.  Adams. 

Press  Notice  ( Lyttelton  Times). 

Dr.  C.  E.  Adams,  Government  Astronomer,  led  a  discussion  on  daylight-saving. 
He  stated  that  life  considered  it  would  be  a  good  move  if  they  could  persuade  the 
Government  to  advance  the  time  in  the  Dominion  one  half-hour  all  the  year  round,  thus 
making  New  Zealand  time  exactly  twelve  hours  ahead  of  Greenwich  mean  time,  instead 
of  eleven  hours  and  a  half  as  at  present.  Dr.  Adams  stated  that  this  would  help 
astronomers  considerably  in  their  calculations.  He  was  a  great  believer  in  the 
rights  of  minorities,  however,  and  if  any  such  change  were  made  the  people  in  any 
geographical  centre  should  have  the  right  to  say  at  what  time  they  should  commence 
work.  This  had  been  done  in  Wellington  in  the  Public  Service,  where  the  employees 
for  some  time  past  had  come  to  work  at  8.30  a.m.  and  left  off  at  4.30  p.m. 

Mr.  Tripp  said  that  in  any  such  change  as  that  proposed  the  people  to  be  considered 
were  those  who  would  suffer  most.  If  the  time  were  advanced  the  people  in  Otago 
and  Southland  would  suffer.  They  would  have  to  commence  work  in  darkness. 
He  would  prefer  to  see  the  time  altered  the  other  way  about.  If  a  change  were  made 
it  should  be  made  for  the  whole  Dominion — it  would  not  work  if  local  changes  were 
made.  The  speaker  considered  the  proposal  a  political  one.  The  only  complaint 
against  the  present  system  came  from  astronomers,  and  they  were  all  good  mathe¬ 
maticians,  who  could  easily  work  out  their  problems  under  the  present  system. 

A  letter  was  read  from  Mr.  T.  K.  Sidey,  M.P.,  urging  the  Congress  to  support  the 
proposal,  and  adducing  arguments  in  favour  of  it. 

Dr.  C.  C.  Earr  said  that  he  did  not  think  that  a  change  should  be  made  solely 
because  it  would  be  of  advantage  to  astronomers.  The  position  at  present  was  that 
our  day  was  unsymmetrical.  Our  business  day  was  from  8  a.m.  to  5  p.m.— that  is, 
four  hours  passed  before  the  middle  of  the  day  and  five  after  it.  It  would  be  better 
if  they  could  regulate  the  day  so  as  to  have  four  hours  and  a  half  before  and  four 
hours  and  a  half  after  the  middle  of  the  daylight  period.  The  speaker  said  that  he 
was  in  Australia  during  the  “  daylight-saving  ”  period  and  suffered  no  inconvenience 
owing  to  it.  One  objection  he  heard  raised  to  it  was  that  the  “  cows  wouldn’t  come 
in  early  enough,”  and  another  was  that  the  trams  ceased  to  run  too  early  at  nights. 
Mr.  Tripp  had  put  his  finger  on  the  weakness  of  Dr.  Adams’s  proposal — the  hardship 
it  would  inflict  on  the  people  of  Otago  and  Southland.  Time  in  Southland  was 
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already  twenty-five  minutes  wrong,  and  under  Dr.  Adams’s  proposal  it  would  be 
three-quarters  of  an  hour  out — this  would  be  a  serious  matter  in  the  winter. 

Dr.  Chilton  said  that,  while  daylight-saving  had  been  a  success  in  fairly  warm 
latitudes,  it  was  less  satisfactory  each  degree  farther  south.  He  could  not  see  why 
local  arrangements  could  not  be  made,  as  was  at  present  done  in  the  building  trades, 
instead  of  altering  the  time  of  the  whole  Dominion. 

After  further  discussion  it  was  decided  to  recommend  the  Congress  to  urge  upon 
the  Government  the  importance  of  altering  the  standard  time  from  eleven  and  a  half 
hours  to  twelve  hours  in  advance  of  Greenwich  mean  time,  the  motion  being  carried 
by  six  votes  to  three. 


RESOLUTIONS  PASSED  BY  THE  CONGRESS. 

Pure  Seeds. 

1.  That  this  Congress  urges  upon  the  Government  that  no  time  should 
he  lost  in  placing  on  the  statute-book  a  Pure  Seeds  Act  on  the  lines  urged 
by  Government  officers,  farmers,  and  dealers  for  over  twenty  years  past. 

Dominion  Herbarium. 

2.  That  the  Science  Congress  of  the  New  Zealand  Institute  considers 
that  a  comprehensive  herbarium  should  be  established  in  the  Dominion 
Museum,  and  that  a  fully  qualified  keeper  of  the  herbarium  be  appointed. 

Pronunciation  of  Scientific  Terms. 

3.  That  it  is  advisable  that  a  Committee  of  the  New  Zealand  Institute 
be  set  up  to  go  into  the  details  and  draw  up  a  logical,  uniform,  scientific 
system  of  pronunciation  of  scientific  terms ;  that  the  scheme  when 
complete  should  be  adopted  by  the  Institute,  and  that  every  possible  effort 
should  be  made  to  introduce  and  explain  it  in  all  the  University  colleges 
and  all  institutions  where  science  (even  elementary  science)  is  taught,  with 
a  view  to  establishing  such  uniformity  as  may  be  possible. 

Uniformity  in  Biological  Language. 

4.  That  a  committee  be  appointed  to  consider  uniformity  in  biological 
language,  the  committee  to  consist  of  Professors  Johnson,  Kirk,  Benham, 
and  Chilton  (convener). 

Soil  Survey. 

5.  That  a  soil  survey  be  undertaken  as  soon  as  possible. 

Spray  Compounds. 

6.  That  the  Government  be  asked  to  introduce  legislation  to  provide 
for  the  purity  and  standardization  of  spray  compounds. 

Palaeontology. 

7.  That  a  palaeontologist  be  appointed  immediately  as  a  permanent 
member  of  the  Geological  Survey. 

Seismology. 

8.  That  seismological  instruments  of  the  most  modern  character  be 
installed  in  Wellington  to  replace  the  present  ones. 
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Astronomy. 

9.  That  the  Congress  urge  on  the  Government  the  importance  of  having 
systematic  tests  made  of  the  suitability  of  sites  for  astronomical  and 
geophysical  observatories,  beginning  with  an  investigation  of  Central  Otago. 

Meteorology. 

10.  That  the  Congress  place  on  record  its  appreciation  of  the  work  of 
the  very  numerous  voluntary  observers  in  New  Zealand  who  helped 
meteorological  science  by  daily  observations  in  connection  with  the 
Dominion  Meteorological  Department. 

11.  That  the  Congress  point  out  to  the  Government  the  desirability  of 
investigation  into  the  climatic  winds  of  the  Dominion,  and  that  the 
assistance  of  the  Meteorological  Department  be  invoked  in  the  matter. 

Magnetic  Survey. 

12.  That  the  desirability  of  establishing  an  electrograph  at  the  Christ¬ 
church  Magnetic  Observatory  be  urged  on  the  Government. 

Longitude. 

13.  That  the  Congress  urge  on  the  Government  the  importance  of  New 
Zealand  acting  jointly  with  the  Australian  observatories  in  the  determination 
of  longitude  by  radio-telegraphic  methods,  during  the  month  of  May,  1919. 

Bench-marks. 

14.  That  the  Congress  urge  on  the  Government  the  importance  of 
establishing  permanent  bench-marks  and  tide-gauges,  and  to  connect  the 
bench-marks  by  lines  of  precise  levelling. 

Preservation  of  Fauna. 

15.  That  the  New  Zealand  Institute  combine  with  acclimatization 
societies  in  urging  the  Government  to  pass  fresh  legislation  to  preserve 
the  native  fauna,  and  that  the  subject  be  introduced  into  the  State  schools. 

Standard  Time. 

16.  That  the  Government  be  asked  to  alter  the  standard  time  from 
eleven  and  a  half  to  twelve  hours  in  advance  of  Greenwich  time. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.*  Edited 
by  Henry  Suter.  Cloth  boards,  I  Os. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  ISs.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  1.  By  Thomas  Mackay.  Numerous  Plates.  Ss. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND.  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  I  Os. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  1  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6  :  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  7  :  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish-remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1991. 
Illustrated.  By  Alexander  McKay,  F.G.S.  Paper  covers,  Is. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  19s. 

TOWN-PLANNING  :  Report  to  the  Sion,  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  Ss. 

WAIPOUA  KAURI  FOREST  :  STS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d. 

Orders  should  be  addressed  to — 

GOVERNMENT  PRINTER, 

WELLINGTON. 


BOARD  OF  SCIENCE  AND  ART  BULLETIN  No.  I  :  New  Zealand  Brown  Coals. 
By  H.  Rands,  M.A.,  B.Sc.,  and  W.  0.  R.  Gilling,  M.A.,  B.Sc.  2s. 

Orders  should  be  addressed  to — 

THE  DIRECTOR, 

DOMINION  MUSEUM. 
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PROPOSALS  FOR  A  DOMINION  SCHEME  OF  LIBRARIES 
OF  SCIENCE  AND  TECHNOLOGY. 

•  •  • 

Bv  J.  Allan  Thomson,  Director  of  the  Dominion  Museum. 

Need  of  a*  Central  Library  and  of  Co-operation. 

One  of  the  first  things  that  strikes  a  scientific  man  coming  from  the  older 
countries  to  reside  in  New  Zealand  is  the  poverty  of  the  libraries  in  scientific 
and  technological  literature — and  this  applies  even  to  the  libraries  devoted 
almost  wholly  to  science,  such  as  those  of  the  various  branches  of  the  New 
Zealand  Institute.  If  he  tries  to  follow  up  any  given  subject,  not  being  a 
branch  ,  of  local  natural  history  or  ethnology,  he  will  probably  find  that  at 
least  one-half  of  the  papers  he  wishes  to  consult  are  not  to  be  found  in 
any  of  the  libraries  of  the  Dominion,  but  he  will  first  meet  with  considerable 
difficulty  in  ascertaining  what  books  these  various  libraries  possess. 
Research  students  trained  in  the  Dominion  do  not,  because  they  cannot, 
exhaust  the  literature  of  their  chosen  subject,  and  thus  lose  one  of  the  most 
valuable  parts  of  their  research  training.  It  is  perfectly  clear  that  if  any 
notable  advance  is  to  be  made  in  the  application  of  existing  scientific  know¬ 
ledge  to  our  primary  and  secondary  industries,  and  in  the  efficiency  of 
scientific  and  industrial  research,  a  preliminary  step  must  be  to  improve 
the  scientific  libraries  of  the  Dominion,  and  to  introduce  such  a  system  of 
co-operation  between  them  that  the  whole  library  resources  of  the  Dominion 
may  be  at  the  disposal  of  a  worker  in  any  part  of  it. 

But  besides  this  need  for  libraries  containing  strictly  scientific  works 
to  be  used  by  those  with  scientific  training,  there  is  a  growing  demand  from 
industrialists  for  a  library  which  shall  contain  the  trade  journals  of  those 
industries  in  which  New  Zealand  has  been  or  is  likely  to  become  interested. 
This  demand  was  persistently  voiced  before  the  recent  parliamentary 
Industries  Committee  and  greatly  impressed  its  members.  Trade  journals 
grade  insensibly  into  strictly  technological  journals,  and  these  again  into 
strictly  scientific  journals,  so  that  no  clear  lines  can  be  drawn  between  the 
three  groups  of  literature,  and  any  attempt  to  provide  for  them  separately 
in  different  libraries  must  lead  to  overlapping. 

The  output  of  scientific  and  technological  literature  has  now  reached 
enormous  proportions,  and  it  is  safe  to  say  that  not  one-twentieth  part  of 
it  ever  reaches  New  Zealand.  From  the  library  point  of  view  this  literature 
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may  be  divided  into  three  categories.  The  first  consists  of  the  proceedings, 
transactions,  or  journals  of  learned  and  professional  societies,  and  the 
reports  and  bulletins  of  semi-public  institutions  and  of  Government  Depart¬ 
ments.  By  far  the  greater  number  of  publications  of  these  kinds  may  be 
procured  by  gift  or  by  exchange.  The  second  consists  of  proprietary  maga¬ 
zines,  issued  in  general  by  publishing  firms,  and  obtainable  only  by  purchase. 
The  majority  of  trade  journals  are  included  here.  The  third  consists  of 
books,  also  issued  by  publishing  firms,  and  obtainable  only  by  purchase. 
The  first  and  second  categories  are  serial  publications,  with  one  or  more 
volumes  appearing  in  each  year.  The  majority  of  them  involve  a  library 
in  a  liability  for  binding,  which  at  New  Zealand  pre-war  prices  may  be 
estimated  at  about  5s.  per  volume. 

Some  idea  of  the  extent  of  the  output  may  be  gained  from  the 
International  Catalogue  of  Scientific  Literature ,  which  gives  an  authors’ 
list  and  a  subject  index  of  all  papers  published  in  some  seventeen  sciences 
since  the  beginning  of  this  century.  The  index  itself  now  numbers  over 
230  octavo  volumes.  The  number  of  separate  scientific  serial  publications 
listed  up  to  1904  exceeded  5,500,  and  of  these  many  issue  more  than  one 
volume  per  annum.  Of  these  serials  the  New  Zealand  Institute  received 
219  in  1917,  and  it  is  very  improbable  that  400  were  received  in  all  the 
libraries  of  New  Zealand  put  together.  In  the  subject  of  chemistry  alone 
the  last  volume  received,  dated  January,  1919,  shows  that  from  1900  to 
1918  as  many  as  116,330  separate  papers  on  chemical  subjects  had  been 
listed  and  indexed. 

It  must  not  be  thought  that  text-books  and  compilations  can  supply  the 
deficiency  of  a  library  in  serial  publications  containing  the  papers  which 
give  the  results  of  original  research.  Text-books  treat  of  only  a  limited 
number  of  subjects,  and  cover. a  very  small  proportion  of  existing  scientific 
knowledge.  Except  for  subjects  with  a  vogue,  such  as  radio-activity,  the 
average  text-book  is  several  years  behind  date  at  the  time  of  its  appearance. 
The  information  supplied  is  not  only  often  so  meagre  as  to  be  exasperating, 
but  it  is  only  too  frequently  misleading.  Errors  once  introduced  are  liable 
to  be  carried  on  to  subsequent  editions  and  to  be  copied  into  other  text¬ 
books.  The  experienced  worker  uses  text-books  with  caution  and  relies 
on  original  papers  wherever  possible. 

It  is  not  meant  to  imply  by  the  above-quoted  figures  that  for  a  library 
to  be  reasonably  efficient  for  New  Zealand  investigators  it  must  be  complete 
and  must  include  every  scientific  publication  issued.  A  small  proportion 
of  them  are  written  in  such  languages  as  Russian,  Czech,  Roumanian,  and 
Japanese,  and  would  be  of  little,  if  any,  use  to  New-Zealanders.  The 
majority  are  in  English,  German,  French,  and  Italian  ;  but  even  of  these 
the  larger  part  consists  of  the  transactions  of  small  local  scientific  societies, 
dealing  only  with  subjects  of  local  interest,  and  these  would  be  rarely,  if 
ever,  consulted  in  a  New  Zealand  library. 

The  figures  do  show,  however,  the  danger  of  dividing  the  available  funds 
for  library  purposes  equally  between  the  four  chief  centres.  Such  a  course 
means  an  inefficient  library  in  each  centre  and  no  efficient  library  in  the 
whole  Dominion.  Each  centre  must  have  a  scientific  and  technological 
library,  and  it  must  include  the  more  important  serials  and  text-books, 
but  the  main  effort  must  be  concentrated  on  a  central  library  in  Wel¬ 
lington,  and  the  needs  of  the  whole  Dominion  must  be  supplied  by  a 
liberally  interpreted  system  of  co-operation  between  this  library  and  the 
libraries  in  the  other  centres.  I  propose  now  to  outline  the  means  by 
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which  this  central  library  may  be  built  up.  and  the  system  of  co-operation 
suggested. 

Historical  Review. 

Prior  to  1904  there  was  a  public  scientific  library  in  the  Colonial  Museum, 
acquired  jointly  by  the  Colonial  Museum,  the  Geological  Survey,  and  the 
New  Zealand  Institute,  including  also  books  belonging  to  the  defunct  New 
Zealand  Society  and  a  few  belonging  to  the  Wellington  Provincial  Council. 
Very  few  of  the  books  were  acquired  by  purchase,  and  the  majority  were 
obtained  in  exchange  for  the  publications  of  the  New  Zealand  Institute, 
the  Geological  Survey,  and  the  Colonial  Museum  and  Laboratory.  Those 
books  obtained  in  exchange  for  the  publications  of  the  New  Zealand 
Institute,  or  presented  to  it,  were  marked  with  the  name  of  the  Institute. 

By  an  Order  in  Council  of  the  29th  April,  1904,  in  terms  of  the 
New  Zealand  Institute  Act,  1903,  there  were  vested  in  the  Board  of 
Governors  of  the  Institute  “  the  books  bequeathed  to  the  New  Zealand 
Institute  by  the  late  Charles  Rooking  Carter,  of  Carterton,  as  shown  in  the 
catalogue  deposited  in  the  Colonial  Secretary’s  Office,  at  Wellington,  and 
also  the  two  book-cases  containing  the  said  books  .  .  .  the  books 

marked  as  belonging  to  the  New  Zealand  Institute  at  present  deposited  in 
the  library  of  the  Colonial  Museum,  Wellington,  numbering  three  thousand 
volumes  or  thereabouts.” 

No  attempt  has  since  been  made  to  definitely  determine  the  ownership 
of  the  individual  books  of  the  old  Colonial  Museum  library,  and  the  books 
of  the  New  Zealand  Institute  still  remain  in  the  library-room  of  the 
Dominion  Museum.  The  publications  since  received  by  the  New  Zealand 
Institute  as  donations  or  in  exchange  have  been  marked  with  the 
name  of  the  Institute  and  added  to  the  old  library,  but  without  being 
bound.  In  the  same  library  are  also  housed  the*  books  belonging  to  the 
Wellington  Philosophical  Society,  obtained  mainly  by  purchase,  and 
regularly  bound. 

Since  1904  the  Dominion  Museum  has  acquired  a  separate  library  by 
purchase  and  by  exchange.  These  books  are  stored  in  the  various  working- 
rooms  of  the  Museum.  Latterly  this  library  has  been  considerably 
augmented  on  the  technological  side  by  exchanges  received  for  this  Journal. 

Since  1904,  also,  the  Geological  Survey  has  commenced  the  formation 
of  a  library  by  exchange  and  purchase,  and  these  books  are  housed  in  the 
temporary  offices  of  the  Survey.  Many  of  the  sets  of  journals  in  the  latter 
library  are  continuations  of  those  housed  in  the  old  Colonial  Museum  library. 
Unfortunately,  some  serials  formerly  purchased  for  the  joint  library,  such 
as  the  publications  of  the  Palaeontographical  Society,  have  been  allowed 
to  lapse  since  1904. 

The  Science  and  Art  Act,  1913,  under  which  the  Board  of  Science  and 
Art  is  constituted,  contains,  inter  alia ,  the  following  provisions  : — 

Section  5.  “  There  shall  be  a  Dominion  Scientific,  Art,  and  Historical 
Library  (hereinafter  referred  to  as  the  Dominion  Library)  in  the  City  of 
Wellington,  within  or  adjoining  the  Dominion  Museum.” 

Section  7.  “  The  provision  for  the  building  and  equipment  of  the 
Dominion  Museum,  the  Dominion  Art  Gallery,  and  the  Dominion  Library, 
and  for  the  acquisition  of  articles  and  documents  of  scientific,  artistic,  or 
historical  value  to  be  kept  and  exhibited  therein  respectively  and  for  the 
maintenance  and  management  thereof  respectively,  shall  be  by  moneys  to 
be  appropriated  by  Parliament  for  the  purposes.” 
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Section  9.  “  (1.)  It  shall  be  the  duty  of  the  Board, — 

“  (a.)  As  to  the  Dominion  Museum,  Dominion  Art  Gallery,  and  Dominion 
Library — 

“  (i.)  To  manage  and  direct  the  same,  and  the  staff  em¬ 
ployed  : 

“  (ii.)  To  acquire  (out  of  funds  to  be  appropriated  by 
Parliament  for  the  purpose,  or  through  donations)  articles, 
books,  and  documents  of  scientific,  artistic,  or  historical 
interest,  and  works  of  art  : 

“  (iii.)  To  make  due  provision  for  access  for  the  public  at 
reasonable  times  of  the  day  to  such  parts  thereof  as  the  Board 
from  time  to  time  determines.” 

In  1914,  before  the  war,  when  it  appeared  probable  that  new  buildings 
would  shortly  be  provided  for  the  Dominion  Museum,  Art  Gallery,  and 
Library,  the  New  Zealand  Institute  passed  a  resolution  approving  of  the 
formation  of  the  Dominion  Library,  and  of  the  principle  of  handing  over  the 
library  of  the  Institute  to  the  Board  of  Science  and  Art  on  conditions 
conserving  the  rights  of  its  members.  In  1915  the  Institute  resolved,  “  That 
the  Board  of  Governors  hereby  offer  to  hand  over  their  library  to  the  custody 
of  the  Board  of  Science  and  Art,  to  form  an  integral  part  of  the  Dominion 
Scientific,  Art,  and  Historical  Library  as  constituted  under  the  Science  and 
Art  Act  of  1913,  on  conditions  to  be  agreed  to  by  the  Institute  and  the 
Board  of  Science  and  Art,  and  that  the  transfer  of  the  library  do  not  take 
place  until  a  fireproof  building  of  modern  design  has  been  erected  for  the 
housing  of  the  books  and  a  competent  librarian  has  been  appointed  to  give 
his  whole  time  to  the  management  of  the  library.” 

The  war  postponed  the  provision  of  the  new  fireproof  building  required, 
and  in  consequence  the  offer  of  the  New  Zealand  Institute  has  not  yet  been 
accepted.  Meanwhile  the  Technological  Section  of  the  Wellington  Philo¬ 
sophical  Society  has  during  the  last  three  years  endeavoured  to  secure  a 
technological  library  in  Wellington,  but  the  difficulty  of  securing  suitable 
accommodation  has- not  been  overcome. 

The  establishment  of  a  scientific  and  technological  library  as  a 
prerequisite  for  any  scheme  of  scientific  and  industrial  research  has  been 
repeatedly  urged  upon  the  Government  since  1917  by  both  the  New  Zealand 
Institute  and  the  Board  of  Science  and  Art,  but  so  far  without  effect.  It  is, 
however,  satisfactory  to  note  that  the  Industries  Committee  of  the  House 
of  Representatives  have  adopted  the  proposal  in  their  report  to  Parliament, 
in  which  they  state  :  The  Committee  further  recommends  that  there  shall 
be  established  a  central  reference  library  under  the  control  of  the  Board 
[o.f  Science  and  Industry],  containing  the  most  important  works  relating  to 
trade, .  commerce,  science,  and  industry,  and  containing  also  the  trading 
and  manufacturing  journals  ;  for  without  access  to  an  efficient  and  scientific 
and  technological  library  an  investigator  must  be  greatly  hampered  in  his 
work.  The  library  should,  under  proper  regulation,  be  available  for  persons 
in  any  part  of  the  Dominion.  In  order  to  avoid  duplication,  it  is  suggested 
that  existing  scientific  libraries  in  Wellington  should  be,  as  far  as  possible, 
merged.” 

The  Building-up  of  the  Central  Library. 

As  soon  as  a  suitable  building  and  staff  is  provided  a  library  im¬ 
measurably  superior  to  any  that  has  hitherto  existed  in  New  Zealand  can 
be  quickly  built  up.  MThe  first  step  will  be  negotiations  by  which  the 
libraries  of  the  New  Zealand  Institute,  the  Wellington  Philosophical  Society, 
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and  perhaps  those  of  other  societies  such  as  the  New  Zealand  Institute 
of  Civil  Engineers  and  the  New  Zealand  Institute  of  Surveyors,  and  the 
sectional  libraries  of  Government  Departments,  may  be  taken  over  and 
incorporated  in  the  central  library,  along  with  that  of  the  Dominion 
Museum,  which  is  already  under  the  control  of  the  Board  of  Science  and 
Art.  Such  negotiations  should  be  carried  through  with  little  difficulty, 
since  each  of  these  bodies  would  gain  very  largely  by  the  proposed  associa¬ 
tion.  In  the  case  of  Government  Departments  a  modus  vivendi  would  be 
necessary  by  which  any  Department  would  retain  such  books  as  are  con¬ 
stantly  used  by  its  officers,  handing  over  the  remainder,  while  the  central 
library  would  provide  special  rooms  beside  the  main  reading-room  in  which 
departmental  officers  might  work  and  keep  their  papers. 

As  soon  as  the  building  and  staff  are  provided,  and  the  establishment 
of  the  library  secured,  a  large  number  of  books  and  publications  of  technical 
societies  will  be  presented  by  engineers  and  others  in  Wellington  who  have 
become  interested  in  the  formation  of  a  technological  library,  and  have 
already  promised  valuable  donations. 

The  next  step  will  be  the  collation  of  all  the  sets  of  serials  thus  acquired, 
with  a  view  to  filling  the  gaps  by  purchase  or  exchange.  This  will  particu¬ 
larly  be  necessary  in  the  case  of  the  serials  in  the  library  of  the  New  Zealand 
Institute,  which  contain  many  gaps  through  lack  of  constant  supervision 
by  a  permanent  librarian.  On  the  other  hand,  there  will  be  a  number  of 
duplicate  sets,  which  can  be  used  to  supplement  those  in  the  provincial 
libraries. 

Then  it  will  be  necessary  to  increase  very  largely  the  number  of  serials 
obtained  by  exchange.  Some  time  ago  the  Library  Committee  of  the  New 
Zealand  Institute  went  thoroughly  into  this  matter,  and  found  that  some 
eight  hundred  further  exchanges  for  the  Transactions  were  both  desirable 
and  practicable.  The  publication  of  this  Journal  has  largely  increased 
the  exchange  possibilities  in  regard  to  technological  literature,  and  a  number 
of  serials  that  previously  did  not  reach  New  Zealand  are  now  being  received. 
It  should  be  possible  to  make  such  an  arrangement  that  the  publications 
of  the  Board  of  Science  and  Art,  Dominion  Museum,  Geological  Survey, 
Dominion  Laboratory,  Government  Statistician,  Department  of  Agriculture, 
and  perhaps  those  of  other  Government  Departments,  together  with  those 
of  the  New  Zealand  Institute,  should  be  separately  or  jointly  available  for 
exchange  by  the  Board  of  Science  and  Art  in  the  interests  of  the  central 
librarjL  This  would  ensure  the  receipt  in  New  Zealand  of  practically 
every  desired  serial  publication  that  can  be  obtained  by  exchange.  In 
some  cases  also  it  may  be  possible  to  obtain  back  numbers  of  serials  by 
exchange,  but  in  the  majority  of  cases  it  will  be  necessary  to  obtain  these 
by  purchase. 

The  total  number  of  proprietary  serials  already  purchased  by  the 
Dominion  Museum,  the  Wellington  Philosophical  Society,  and  various 
Government  Departments  is  already  considerable,  but  this  number  must 
be  very  greatly  extended.  If  all  branches  of  science  and  technology  are 
to  be  represented,  and  the  principal  trade  journals  as  well  as  the  more 
strictly  scientific  magazines  are  to  be  filed,  a  total  annual  expenditure  of 
something  like  £500  must  be  provided  for  this  purpose  alone. 

The  number  of  scientific  and  technological  books  already  available  is 
also  not  small,  but  the  exact  sciences  and  technology  are  under-represented, 
and  it  will  be  necessary  to  make  considerable  purchases  to  remedy  this 
defeet.  Thereafter  the  more  important  books  appearing  each  year  should 
be  purchased. 
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Co-operation  with  the  Provincial  Libraries. 

No  matter  how  good  a  Dominion  Library  is  established  in  Wellington 
it  will  fall  far  short  of  its  purpose  if  the  books  in  it  are  not  freely  available 
to  inquirers  or  investigators  in  all  parts  of  New  Zealand  under  adequate 
safeguards.  This  may  be  done  in  two  ways  :  either  individuals  may  be 
approved  as  borrowers,  or  the  borrowing  may  be  carried  out  through  co¬ 
operating  provincial  libraries.  Probably  both  methods  should  be  brought 
into  use,  but  it  is  important  that  in  all  cases  a  guarantee  should  be  provided 
for  the  safe  return  in  good  order  and  in  due  time  of  the  books  borrowed. 
Any  public  library  giving  such  a  guarantee  should  be  given  the  right  to 
borrow  books  for  its  readers.  In  the  case  of  individuals  a  deposit  covering 
the  cost  of  the  books  might  well  be  required  before  the  right  to  borrow 
was  granted.  The  cost  of  postage  should  also  be  a  charge  on  the  borrower, 
in  order  to  prevent  indiscriminate  borrowing,  but  in  all  cases  where  the 
central-library  authorities  were  satisfied  that  the  books  were  borrowed  for 
bona  fide  research  in  the  public  interest  they  should  have  power  to  remit 
the  postage.  For  convenience  of  posting,  special  postal  packets,  capable 
of  being  used  over  and  over  again,  should  be  designed  and  used.  The 
number  of  books  to  be  issued  to  a  given  borrower  should  be  limited  only 
by  the  size  of  the  deposit  paid.  The  time  for  which  books  might  be 
borrowed  should  be  much  greater  than  that  commonly  accorded  by  public 
libraries,  with  a  proviso  that  where  another  investigator  asked  for  the 
book  it  should  be  returned  within,  say,  seven  days  after  such  notice  was 
served  on  the  holder  of  the  book. 

A  scheme  of  co-operation  between  the  library  of  the  New  Zealand 
Institute  and  its  various  branches  is  already  in  existence,  but  it  is  seldom 
availed  of,  and  for  this  two  reasons  are  commonly  given.  The  first  is  that 
when  one  writes  to  Wellington  for  a  book  that  should  be  in  the  library  of 
the  New  Zealand  Institute  one  is  informed  that  it  is  missing.  This  is, 
unfortunately,  sometimes  the  case,  and  the  remedy  has  alieady  been  sug¬ 
gested — -viz.,  the  collation  and  completion  of  the  serial  sets  by  exchange 
and  purchase.  The  second  and  more  generally  offered  reason  is  that  it  is 
impossible  to  find  out — say,  in  Dunedin — what  books  on  a  given  subject 
there  are  in  Wellington  or  elsewhere.  This  latter  difficulty  must  be  met  by 
preparing  for  each  library  a  complete  catalogue  of  the  scientific  and  tech¬ 
nological  books,  and  by  having  copies  of  each  catalogue  easily  accessible 
in  each  of  the  centres. 

This  raises  the  question  of  whether  printed  catalogues  should  be  prepared 
or  multiple  card  indexes  filed.  What  I  recommend  is  that  for  serial  publica¬ 
tions  a  preliminary  catalogue  should  be  prepared,  printed  in  book  form,  and 
put  on  sale.  This  catalogue  should  be  on  similar  lines  to  the  well-known 
and  much-commended  catalogue  of  the  scientific  serials  in  Melbourne 
libraries  published  by  the  Eoyal  Society  of  Victoria. 

A  similar  catalogue  of  books  might  also  be  printed ;  but  I  am  not 
strongly  in  favour  of  this  course,  as  books  require  a  double  entry  under 
both  author’s  name  and  subject,  which  can  ' be  better  provided  for  by 
card  catalogues.  After  the  publication  of  the  initial  catalogue  or  cata¬ 
logues,  all  additions  to  the  central  library,  and  preferably  also  to  the 
provincial  libraries  should  be  entered  in  a  card  catalogue,  and  copies 
of  every  card  should  be  filed  in  at  least  one  library  in  each  centre.  The 
expense  of  providing  the  duplicate  cards  should  be  Lome  by  the  Dominion 
Library,  but  it  would  be  necessary  for  some  library  in  each  of  the  other 
centres  to  provide  room  for  filing  the  cards  and  an  assistant  to  insert  the 
new  cards  added  from  month  to  month. 
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In  order  that  such  a  scheme  might  be  easily  operated  a  standard  form 
of  index  card,  and  of  library  classification  and  subject  index,  should  be 
adopted.  The  two  latter  requirements  are  discussed  fully  below.  The 
index  cards  should  include  not  only  the  author’s  name  and  the  title  of  the 
book,  together  with  the  library  classification  decimal  number  and  the 
subject-index  notation,  but  also  full  bibliographic  details  as  shown  below, 
including  the  weight  for  purposes  of  estimating  postage,  and  an  indication 
of  the  library  or  libraries  in  which  the  book  is  filed,  such  indication  being 
most  conveniently  the  library  accession  number.  I  put  forward  a  suggested 
form  and  size  for  the  index  card  for  the  purpose  of  inviting  suggestions  for 
its  improvement.  For  serials  a  second  card  of  the  same  size  is  desirable, 
differing  only  in  the  details  of  author’s  name  and  title. 


Name  of  Author. 


Suter,  Henry 


Library  and  Subject  Classification. 

594-931 


Title. 


Manual  of  the  New  Zealand  Mollusca 


Page-size. 

21  X  14  cm. 


No.  of  Pages. 

Figs,  and  Plates. 

Publisher. 

Place  of 
Publication. 

Date. 

Binding. 

Weight. 

lb.  oz. 

3  2 

xxiii 

1120 

See  Atlas 

Govt.  Printer 

Wellington, 

N.Z. 

1913 

Cloth 

Bom.  L. 
A  1550 


Gen.  Ass.  L. 


Turnbull  L. 


Well.  P.L. 


Viet.  Coll.  L.  Auclc.  Inst.  L. 


Audi.  P.L. 


lude.  Univ.  Coll.  L. 


Cant.  Phil.  Inst.  L. 


Cant.  P.L. 


Cant.  Coll.  L. 


Otago  Inst.  L.  Dun.  Cam.  L. 


Otago  Univ.  L. 


Proposed  Card  for  recording  Accessions  to  the  Dominion  and  other  Libraries. 


Two  cr  more  copies  of  each  of  these  cards  should  be  filed  for  public  refer¬ 
ence — one  indexed  according  to  author’s  name,  to  enable  the  inquirer  to 
ascertain  whether  and  where  any  given  book  is  available  ;  the  others  indexed 
according  to  subject,  to  enable  the  inquirer  to  ascertain  easily  the  literature 
on  any  given  subject.  In  respect  to  the  latter  need,  however,  the  subject 
index  would  be  very  incomplete,  in  view  of  the  predominance  of  serials  in 
the  various  libraries,  unless  every  paper  in  each  volume — and  there  may  be 
as  many  as  a  hundred — were  separately  indexed.  This  is  undoubtedly  the 
ideal  method  of  indexing,  but  its  adoption  would  involve  so  much  additional 
expense  that  I  hesitate  to  advocate  it  for  fear  of  imperilling  the  whole 
scheme.  If  it  is  not  adopted,  there  are  two  ways  in  which  this  need  may 
be  met.  One  is  to  procure  for  each  of  the  four  centres  complete  sets  of 
the  International  Catalogue  of  Scientific  Literature,  the  annual  subscription 
to  which  is  £17  10s.  per  annum.  This  catalogue,  however,  deals  only  with 
seventeen  sciences  and  neglects  many  branches  of  technology.  The  other 
method  is  to  have  a  staff  of  abstractors  in  the  Dominion  Library  to  whom 


360  The  N.Z.  Journal  of  Science  and  Technology.  [Dec. 

reference  may  be  made  when  a  bibliography  of  any  given  subject  is  desired 
Presumably,  if  a  Department  of  Scientific  and  Industrial  Research  is  set  up, 
such  a  staff  of  abstractors  will  become  necessary  in  any  case  to  meet  the 
needs  of  those  industrialists  who  have  not  the  bibliographic  knowledge 
necessary  for  the  fullest  use  of  modern  technological  literature. 

As  will*  be  shown  below,  more  than  one  and  as  many  as  three  cards 
may  be  necessary  for  the  same  book  or  paper  in  the  subject  catalogue  in 
addition  to  the  card  under  the  author’s  name.  Consequently  to  supply  at 
least  four  libraries,  and  probably  even  more,*  a  large  number  of  duplicate 
cards  will  be  necessary.  It  will  probably,  therefore,  be  desirable  to  print 
the  cards  in  a  special  printing-press  attached  to  the  central  library,  and 
if  this  is  done  a  number  of  duplicates  can  be  printed  off  to  meet  future 
needs.  Part  of  the  expense  of  printing  might  be  borne  by  the  sale  of  cards 
on  any  given  subject  or  industry  to  individuals  or  firms  interested. 

Such  a  method  of  printing  a  card  catalogue  is  used  by  the  Library  of 
Congress  in  the  United  States.  The  cards  serve  not  only  for  the  catalogue 
of  the  Library  of  Congress,  but  are  offered  for  sale  at  low  prices  to  all  the 
libraries  in  the  States,  which  thus  use  them  for  their  own  catalogues. 
These  ideas  of  co-operation  and  of  division  of  labour  in  library-work  have 
done  much  to  raise  the  status  of  libraries  in  the  United  States,  and  are  no 
doubt  a  factor  in  the  great  industrial  development  which  that  country 
has  experienced.  It  is  high  time  in  this  country  of  vaunted  progress 
that  similar  methods  of  co-operation  were  brought  into  use  not  only  in 
scientific,  but  in  all  libraries. 

No  special  mention  of  the  libraries  of  the  four  University  colleges  has 
been  made  in  the  above,  but  it  is  obvious  that  they  would  gain  greatly  by 
joining  in  the  scheme.  Provision  has  been  made  in  the  suggested  cards 
for  entering  their  books. 

Library  Classification  and  Bibliography. 

The  aims  of  library  classification  and  of  bibliography  are  related  but 
different.  The  main  aim  in  library  classification  is  so  to  classify  and  mark 
the  books  in  a  library  that  they  may  be  placed  on  the  shelves  in  the  order 
which  will  bring  together  the  books  most  nearly  related.  This  has  the 
advantage  that  a  reader  can  easily  find  by  an  inspection  of  the  shelves  what 
books  there  are  on  a  given  subject  without  needing  to  have  recourse  to 
printed  catalogues.  It  also  enables  the  librarian  to  find  any  given  book 
with  a  minimum  of  effort  and  to  replace  in  its  proper  place  on  the  shelf 
any  book  taken  down.  It  also  greatly  facilitates  the  preparation  of  a 
catalogue  if  it  is  desired  to  print  one. 

The  aim  of  bibliography,  on  the  other  hand,  is  to  prepare  an  ordered 
list  and  subject  index  of  all  papers  or  books  that  have  been  published  on  a 
given  subject,  whether  or  not  such  papers  or  books  are  present  in  any 
particular  library,  and  whether  or  not  such  a  paper  forms  a  book  by  itself, 
or  is  included  with  other  papers  in  a  volume  of  collected  works,  or  in  a 
report  or  publication  of  some  institution,  or  in  a  magazine. 

Scientific  men  and  technologists  are  in  general  little  interested  in  library 
classification,  but  are  intimately  concerned  with  bibliography,  since  the 
first  essential  in  the  great  majority  of  researches  is  to  exhaust  the  previous 
literature  of  the  subject  and  approach  the  research  with  the  benefit  of  all 
previous  opinions  and  discoveries.  Nevertheless  the  question  of  library 


*  The  University  libraries,  the  Cawthron  Institute,  and  the  public  libraries  in  such 
centres  as  Palmerston  North,  Timaru,  &c.,  might  wish  to  file  the  cards. 
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classification  is  of  importance  to  the  scientific  men  of  New  Zealand,  since  a 
system  of  co-operation  such  as  I  have  proposed  depends  largely  on  the 
adoption  of  a  uniform  system  of  library  classification. 

The  ideal  would  be  such  a  system  as  would  serve  alike  the  needs  of  library 
classification  and  of  bibliography.  There  are  two  main  reasons  why  such  an 
ideal  cannot  be  attained.  The  first  is  that  knowledge  is  inexhaustible,  and 
that  no  person  or  persons  can  ever  devise  a  perfect  system  of  co-ordination 
of  knowledge  as  expressed  in  books  ;  and  the  second  is  that  few  books 
or  papers  treat  of  a  single  subject,  and  consequently  the  interrelations 
cannot  be  expressed  in  such  a  linear  arrangement  as  the  order  of  placing 
books  upon  a  shelf.  This  is  particularly  the  case  in  a  library  devoted  to 
science  and  technology,  in  which  the  majority  of  the  books  must  be  numbers 
of  some  serial  publication,  each  containing  numerous  papers. 

The  system  of  library  classification  almost  universally  adopted  in  the 
larger  libraries  of  New  Zealand  is  the  relative  index  system  of  arabic  decimal 
numbers,  commonly  known  as  the  Dewey  decimal  system,  which  was 
developed  early  in  1873  by  M.  Dewey,  successively  expanded  after  experi¬ 
ment  and  testing,  and  is  now  published  by  the  Library  Bureau  of  Boston, 
U.S.A.  Certain  modifications  or  extensions  of  this  system  are  necessary  for 
New  Zealand  books,  and  are  applied  as  desired  by  individual  librarians  ; 
but,  unfortunately,  there  has  been  no  uniform  agreement  amongst  New 
Zealand  librarians  to  adopt  the  same  modifications.  In  the  case  of  scientific 
books  it  is  generally  admitted  that  this  system  is  not  sufficiently  detailed. 

In  the  Dewey  system  the  first  division  is  into  10  classes,  represented  by 
the  initial  number.  These  classes  are — - 


0  General  Works. 

1  Philosophy. 

2  Religion.  • 

3  Sociology. 

4  Philology. 


5  Natural  Science. 

6  Useful  Arts. 

7  Fine  Arts. 

8  Literature. 

9  History. 


Thus  the  great  majority  of  books  in  a  scientific  and  technological  library 
will  have  numbers  commencing  with  5  or  6,  except  for  geographical  works, 
which  are  included  under  9. 

Each  class  is  again  divided  into  10  divisions,  represented  by  the  second 
number.  Thus  we  have — 


500 

Natural  Scienoe. 

600 

Useful  Arts. 

510 

Mathematics. 

610 

Medicine. 

520 

Astronomy. 

620 

Engineering. 

530 

Physics. 

630 

Agriculture. 

540 

Chemistrv. 

640 

Domestic  Economy. 

550 

Geology. 

650 

Communication  and  Commerce. 

560 

Palaeontology. 

660 

Chemical  Technology. 

570 

Biology. 

670 

Manufactures. 

580 

Botany. 

680 

Mechanical  Trades. 

590 

Zoology. 

690 

Building. 

The  third  decimal  number  represents  sections,  of  which  the  following  is 
example  : — 

530 

Physics. 

535 

Light,  Optics. 

531 

Mechanics. 

536 

Heat. 

532 

Liquids,  Hydraulics. 

537 

Electricity. 

533 

Gases,  Pneumatics. 

538 

Magnetism. 

534 

Sound,  Acoustics. 

539 

Molecular  Physics. 
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The  fourth-  decimal  number  represents  subsections,  as  in  the  following 
example  : — 


594  Mollusca. 

594T  Lamellibranchiata. 
594-2  Scaphopoda. 

594-3  Gastropoda. 

594-4  Pteropoda. 


594-5  Cephalopoda. 
594-6  Mollus  coidea. 
594-7  Bryozoa. 
594-8  Brachiopoda. 
594-9  Tunicata. 


In  many  cases  the  subsections  are  further  subdivided  in  the  tables 
explaining  the  system. 

Geographical  distribution  may  be  indicated  by  adding  numbers  taken 
from  the  group  930-99  (but  omitting  the  first  9,  which  indicates  History). 
In  this  group  we  have  993  Australasia,  993-1  New  Zealand,  994  Australia, 
994-1  Western  Australia.  Thus  594-3931  indicates  Gastropoda  of  New 
Zealand. 

Another  system  of  library  classification  is  that  of  the  Institut 
International  de  Bibliographic,  a  body  created  by  an  international  congress 
in  1895,  and  developed  by  subsequent  congresses  in  1897,  1900,  and  1908. 
This  institute  has  elaborated  a  method  of  classification  bv  decimal  numbers 
which  may  be  applied  not  only  to  all  printed  matter  from  a  sheet  of  music 
or  a  poster  to  an  encyclopaedia,  but  also  to  manuscripts  and  letters  ;  so  that 
it  is  claimed  to  be  of  universal  application,  and  to  be  able  to  bring  any 
document,  of  whatever  nature,  into  relation  with  all  other  documents  of  its 
series.  The  complete  classification  and  indexes  are  given  in  a  manual 
published  by  the  Institut,  the  permanent  seat  of  which  is  in  Brussels. 
Unfortunately,  owing  to  the  war,  I  have  been  unable  to  procure  a  copy  of 
this  manual,  and  I  have  been  unable  to  learn  of  the  existence  of  a  copy  in 
any  New  Zealand  library.  Such  information  as  I  can  glean  from  a  Notice 
sommaire  indicates  that  it  is  based  upon  the  Dewey  system,  but  presumably 
it  is  more  fully  elaborated  and  more  suitable  for  the  classification  of  a 
library  of  science  and  technology,  and  also  of  a  historical  library. 

Neither  of  the  above  systems  has  been  found  to  serve  completely  the 
needs  of  scientific  bibliography,  and  it  may  be  of  interest  to  describe  briefly 
two  systems  which  have  been  devised  to  meet  these  needs. 

The  International  Catalogue  of  Scientific  Literature  consists  of  a  series 
of  printed  volumes,  and  deals  with  all  papers  published  in  1900  and  succes¬ 
sive  years.  It  is  based  on  a  relative  index  system,  making  use  of  both 
letters  and  decimals.  The  volumes  are  divided  into  series  bearing  capital 
letters  as  follows  : — 


A 

Mathematics. 

K 

Palaeontology. 

B 

Mechanics. 

L 

Biology. 

C 

Physics. 

M 

Botanv. 

«/ 

D 

Chemistrv. 

xJ 

N 

Zoology.  * 

E 

Astronomy. 

O 

Anatomy. 

F 

Meteorology. 

P 

Anthropology. 

G 

Mineralogy. 

Q 

Physiology. 

H 

Geology. 

R 

Bacteriology. 

J 

Geography. 

Within  each  science  thus  indicated  there  is  a  decimal  system  of  classifi¬ 
cation,  the  schedules  for  which  are  included  in  each  volume,  and  are  re¬ 
capitulated  in  a  special  volume  published  in  1905.  These  schedules  differ 
for  each  science,  so  that  A1640  includes  papers  treating  of  the  calculus  of 
differences,  while  01640  applies  to  the  maturation  of  the  ovum.  In  the  case 
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of  Zoology,  the  catalogue  is  divided  into  sections  (corresponding  to  Phyla) 
numbered  with  roman  numerals,  but  the  same  decimal  system  is  applied 
to  all  the  sections.  Geographical  distribution  is  provided  for  by  small 
italic  letters  following  the  decimal  number,  i  being  Australasia  and  ik  New 
Zealand.  Each  volume,  or  in  the  case  of  Zoology  each  section,  commences 
with  a  list  of  the  papers  for  the  period  covered,  arranged  alphabetically 
according  to  authors’  names,  and  bearing  a  consecutive  number  which  is 
not  part  of  the  decimal  system,  but  is  given  only  for  subsequent  reference. 
This  is  followed  by  a  subject  index  according  to  the  schedule  adopted  for 
the  science,  the  decimal  numbers  and  their  connotations  serving  as  heads 
for  sections  under  which  all  papers  relating  to  that  subject  or  aspect  of 
the  subject  are  indicated  by  the  author’s  name,  followed  by  the  consecutive 
number  of  the  paper.  A  single  paper  may  thus  appear  an  indefinite  number 
of  times  in  the  subject  catalogue  according  to  the  aspects  of  the  subject 
with  which  it  deals. 

Another  bibliographic  system  is  that  of  the  Concilium  Bibliographicum, 
the  seat  of  which  is  at  Zurich.  This  institution  deals  only  with  the  subjects 
of  Palaeontology,  General  Biology,  Microscopy,  Collecting,  Botany,  Zoology, 
Anatomy,  and  Physiology,  and  issues  for  these  subjects  a  Conspectus  meihod- 
ieus  et  alphabeticus  numerorum  classifications  bibliogr aphid,  apparently  with 
the  approval  of  the  Institut  International.  A  copy  of  the  English  edition 
of  this  work,  dealing  with  the  subjects  of  Palaeontology,  General  Biology,, 
and  Zoology,  is  in  the  library  of  the  New  Zealand  Institute,  and  bears  the 
date  1902.  The  introduction  states  : — 

“  In  order  to  assign  to  each  memoir  a  definite  place  in  the  bibliography 
we  have  taken  the  well-known  Dewey  system  as  the  basis  for  an  elabo¬ 
rate  classification  in  which  each  topic  receives  an  arbitrary  number.  The 
individual  cards  in  the  bibliography,  when  arranged  strictly  according 
to  these  numbers,  fall  naturally  into  the  prescribed  sequence,  and  it  is 
extremely  easy  to  find  the  bibliographical  cards  dealing  with  any  desired 
topic.  Moreover,  for  the  majority  of  the  divisions  of  the  classification, 
coloured  guide-cards  have  been  issued  with  projections  bearing  the  number 
and  name  of  the  division  and  its  subdivisions,  if  any.  The  guide-cards 
render  the  use  of  the  card  bibliography  extremely  simple.  The  use  of 
numbered  divisions  makes  it  possible  to  employ  a  person  without  scientific 
education  for  intercalating  the  new  cards  as  they  arrive.  In  view  of  the 
magnitude  of  a  card  bibliography,  this  possibly  is  decisive  for  the  success¬ 
or  failure  of  the  system.” 

The  Concilium  Bibliographicum  issues  printed  cards  covering  the  whole 
domain  of  the  sciences  above  mentioned,  and  those  referring  to  the  fauna 
of  New  Zealand  are  purchased  and  filed  by  the  Dominion  Museum. 

In  order  to  compare  these  various  systems  an  example  may  be  given  : 
Transactions  and  Proceedings  of  the  New  Zealand  Institute ,  vol.  37,  1905,. 
containing,  inter  alia ,  a  paper  by  Henry  Suter,  “  Revision  of  the  New 
Zealand  Species  of  the  Genus  Potamopyrgus ;  with  Description  of  a  New 
Species.”  This  paper  is  also  reprinted  as  a  pamphlet,  and  as  such  may  be- 
in  a  library. 

In  the  Dewey  system  the  book  would  bear  the  decimal  number  506,. 
as  being  the  transactions  of  a  society  devoted  to  natural  science.  Some 
librarians  might  prefer  to  place  it  under  050,  General  Periodicals,  since 
besides  natural  science  it  may  contain  useful  arts,  history,  economics,  &c. 
The  paper-  itself,  on  the  other  hand-,  would  bear  the  decimal  number 
594-3931,  the  first  figure  5  because  the  subject  is  Natural  Science,  the 
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second  9  because  it  is  Zoology,  the  third  4  because  it  is  Mollusca,  the  fourth 

3  because  it  is  Gastropoda.  This  is  as  far  in  zoological  classification  as 
the  system  has  been  elaborated.  The  added  numbers  931  indicate  the 
geographical  distribution,  New  Zealand. 

In  the  International  Catalogue  the  paper  would  be  included  in  a  volume 
of  the  series  N,  Zoology,  and  in  section  VIII,  Mollusca.  It  would  appear 
in  the  subject  index  first  under  2227  ik ,  Distribution,  (a)  Recent,  (f 3 )  Terres¬ 
trial,  New  Zealand,  and  again  under  2231,  Taxonomy,  under  the  further 
printed  headings  Gastropoda,  Taenioglossa,  Hydrobiidae,  Potamopyrgus. 

In  the  system  of  the  Concilium  Bibliographicum  there  would  be  cards 
each  of  which  would  bear  in  the  bottom  left-hand  corner  the  decimal  number 
59,  indicating  Zoology.  On  the  top  right-hand  corner  one  card  would  bear 
the  notation  19  (931)  4*32  Potamopyrgus.  19  signifies  geographical 
distribution,  (9)  Oceania,  (93)  Australasia,  (931)  New  Zealand,  4  Mol¬ 
lusca,  4”3  Gastropoda,  and  4*32  Prosobranchia.  Another  card  would 
bear  the  same  notation  in  a  different  order,  but  omitting  the  19— viz., 

4  Potamopyrgus  (931).  The  cards  would  be  indexed  strictly  according  to 
numbers,  commencing  with  the  left-hand  digits,  so  that  the  first  card  would 
fall  into  a  group  forming  a  complete  bibliography  of  the  fauna  of  New  Zea¬ 
land,  and  the  second  into  a  taxonomic  index  of  papers  on  all  species  of  the 
genus.  There  are  further  numbers  which  may  be  used  to  connote  other 
zoological  viewpoints  than  distribution  and  taxonomy,  and  they  may  be 
combined  in  various  ways.  The  system  is  complicated,  but  exceedingly 
comprehensive,  and  is  perhaps  the  best  devised  for  the  sciences  which  it 
treats. 

It  is  obvious  that  the  last  two  bibliographic  systems  are  unsuitable  for 
purposes  of  library  classification,  but  that  the  systems  of  library  classifica¬ 
tion  are  unlikely  to  be  sufficiently  detailed  for  the  purposes  of  a  subject 
index  such  as  required  for  the  scheme  of  co-operation  which  I  have  suggested. 
Since  the  Dewey  system  is  already  in  use  in  most  of  the  larger  libraries  in 
New  Zealand,  it  will  probably  be  best  to  adopt  this  system  for  library 
classification  in  the  central  library,  unless  the  system  of  the  Institut  Inter¬ 
national  proves  to  be  much  superior.  On  the  other  hand,  it  may  be  desirable 
to  adopt  for  the  subject  index  an  extension  of  the  Dewey  system  by  a 
series  of  arbitrary  numbers  .ordetters,  as  is  done  in  the  Concilium  Biblio¬ 
graphicum.  I  prefer  to  keep  an  open  mind  on  this  subject  until  I  have 
seen  the  manual  of  the  Institut  International,  and  in  the  meantime  in  the 
suggested  card  have  made  provision  for  both  notations. 

It  is  obvious,  however,  that  for  serials  containing  a  number  of  papers — 
and  the  library  must  consist  mainly  of  such  books— no  subject  index  entry 
for  the  whole  volume  is  practicable.  The  inquirer — -say,  in  Dunedin — finds 
out  by  some  means  or  other  that  a  paper  he  wishes  to  consult  is  in  the 
Ann.  Chim.  Analyt.,  Paris,  vol.  19,  1914.  All  he  wishes  to  know  is  where 
he  may  find  that  volume,  and  that  the  author’s  index  at  once  informs  him, 
or  lets  him  know  that  there  is  no  copy  in  any  New  Zealand  library. 

The  Library  Building. 

The  whole  of  the  above  scheme  is  dependent  in  the  first  place  on  the  i 
provision  of  a  suitable  fireproof  building.  This  should  contain  a  well-lit 
public  reading-room,  a  large  stack-room  also  open  to  readers,  small  private 
reading  and  working  rooms  for  Government  officers  and  approved  research 
workers  who  have  to  do  much  reading,  working-rooms  for  the  staff  (in¬ 
cluding  printing  and  binding  rooms),  and  storerooms  to  hold  duplicate 
books  and  the  stocks  of  Board  of  Science  and  Art  and  other  publications 


1919.]  Thomson. — Libraries  of  Science  and  Technology.  365 

held  by  the  Library  for  exchange  purposes.  Since  the  proposed  Depart¬ 
ment  of  Scientific  and  Industrial  Research  will  probably  be  the  largest  user 
of  the  Library,  it  is  desirable  that  provision  should  be  made  in  the  building 
for  the  offices  of  this  department. 

The  stack-room  should  be  designed  to  hold  not  less  than  200,000  books 
in  the  first  place,  and  the  possibility  of  future  extension  should  be  con¬ 
sidered  in  planning  the  building. 

As  regards  site,  whatever  opinions  may  be  held  as  to  the  better  site  for 
the  Dominion  Museum  and  Dominion  Art  Gallery,  there  can  be  but  one 
opinion  concerning  the  Library.  It  should  be  on  the  present  Museum  site, 
and  be  thus  convenient  to  the  General  Assembly  and  Turnbull  Libraries, 
to  the  Dominion  Laboratory,  the  Geological  Survey,  and  Government 
Departments  generally.  Its  removal  to  the  Mount  Cook  site  would  gravely 
prejudice  the  co-operation  of  the  various  Departments  now  possessing 
sectional  libraries. 


NOTES  ON  THE  ROCK-OYSTER  FISHERY  OF 

AUCKLAND. 

By  Charles  Hedley,  Australian  Museum,  Sydney. 

A  peculiar  policy  has  been  adopted  by  those  in  control  of  the  oyster- 
fishery  in  north  New  Zealand.  Here,  as  elsewhere,  oysters  are  regarded  as 
Crown  property.  Abroad,  the  oyster  beds  and  banks  are  usually  leased  to 
oyster-farmers  for  cultivation  and  collection.  In  Auckland,  on  the  con¬ 
trary,  the  State  turns  farmer,  cultivates,  collects,  and  retains  possession  of 
the  oyster  up  to  the  point  of  sale  to  the  retailers.  The  oyster-pirate — even 
he  who  eats  an  odd  oyster  on  the  beach — is  severely  punished. 

As  a  conchologist  I  was  interested  in  oyster  affairs,  and  sought  to  learn 
why  unusual  methods  had  been  adopted,  and  how  the  interests  of  the  public 
as  consumer  and  the  public  as  owner  were  suited  by  these  arrangements. 
To  satisfy  this  curiosity  the  Fishery  Department  kindly  introduced  me  to 
their  Inspector,  Mr.  Bennett.  An  extended  trip  through  the  Hauraki  Gulf 
was  proposed,  but  did  not  eventuate,  and  my  examination  of  the  problem 
was  limited  to  an  afternoon’s  cruise  with  the  Inspector.  Finding  my 
opportunity  of  investigation  so  restricted,  I  relinquished  the  idea  of 
writing  a  report  on  the  subject.  But  my  friend  Dr.  Allan  Thomson 
now  requests  me  to  send  to  him,  for  publication  in  this  Journal,  my 
impressions,  though  so  superficial.  In  deference  to  his  wish,  these  brief 
notes  are  now  penned. 

In  the  Auckland  rock-oyster  I  found  an  old  acquaintance,  Ostrea  cucul- 
lata  Born,*  which  has  not,  I  think,  been  previously  identified  under  this 
name.  Probably  this  is  the  species  described  and  figured  in  Suter’s  Manual 
of  Neiv  Zealand  Mollusca  as  Ostrea  corrugata  (p.  890)  and  O.  glomerata 
(p.  891).  The  annual  crop  of  O.  cucullata  in  New  Zealand  amounts  to  10,000 
bags,  worth  £7,000.]*  This  is  a  tropical  form,-  ranging  north  to  Japan  and 
west  to  India.  Bashford  Dean  (“  Japanese  Oyster-culture,5'  Bull.  U.S.  Fish 

*  In  the  original  citation — Born,  Index  Mus.  Caes.  Vind.,  p.  100,  1778 — this  name 
is  spelled  Ostrea  cuccullata. 

fThe  output  for  1918  was  10,422  bags,  worth  14s.  per  bag. 
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Commission,  vol.  22,  pp.  1-37,  1902)  lias  described  a  flourishing  fishery 
founded  on  this  species  in  Japan.  To  our  surprise,  Hornell  ( Madras  Fisheries 
Bull.  No.  11,  p.  12,  1917)- notes  that  0.  cucullata  is  not  of  economic  import¬ 
ance  in  Madras.  In  Australia  it  furnishes  abundant  supplies  to  the  markets 
of  New  South  Wales  and  Queensland.  During  1917,  in  New  South  Wales, 
the  400  people  engaged  in  the  industry  produced  21,000  bags,  worth  £53,000. 

O.  cucullata  is  at  the  extremity  of  its  range  in  New  Zealand,  and  struggles 
against  adverse  conditions  in  these  cold  seas.  It  is  noteworthy  that 
the  white  mangrove  ( Avicennia )  and  this  rock-oyster  disappear  together  ; 
probably  an  isothermal  zone  defines  their  southern  boundary. 

The  Auckland  oysters  throw  their  spat  at  long  intervals,  and,  from 
Mr.  Bennett’s  information,  they  grow  more  slowly  than  in  Australia.  They 
occur  apart,  one  here,  one  there,  upon  the  rocks.  This  dispersal  is  different 
to  the  continuous  reef  which  the  species  forms  in  warmer  seas.  Saville 
Kent  has  photographed  such  reefs  in  which  the  oj^sters  are  piled  on  each 
other  a  foot  high  and  conceal  the  rocks  on  which  they  spread  (Saville 
Kent,  Great  Barrier  Beef,  pis.  xxxix  and  xl,  1893;  id.,  Naturalist  in  Aus¬ 
tralia,  pi.  xliii,  1897).  But  greater  space  between  individuals  means  lack 
of  competing  neighbours,  so  at  Auckland  the  separate  oysters  receive  a 
larger  food-supply,  and  thus  attain  an  average  size  larger  than  those  of 
a  more  genial  climate. 

The  sedimentary  rocks  round  Auckland  are  thickly  overgrown  by  a 
small  cirriped.  The  growing  oysters  spread  over  the  tops  of  these  tiny 
barnacles,  and  in  this  way  are  slightly  raised  above  the  surface  of  the  rock. 
From  such  a  base  the  collector  can  easily  wrench  them  off  unbroken.  But 
on  the  basalt  rocks  of  Bangitoto  these  minute  barnacles  do  not  grow  so 
thickly.  There  the  oysters  stick  so  fast  to  the  volcanic  rock  that  a  larger 
proportion  of  them  are  broken  by  the  collectors.  With  a  cracked  shell  an 
oyster  is  apt  to  die  before  reaching  the  market. 

Contrary  to  Australian  experiences,  these  oysters  are  said  not  to  thrive 
on  mangrove-roots. 

When  this  oyster  occurs  near  or  below  the  level  of  low  water  its  aspect 
is  so  changed  as  to  appear  to  be  another  species.  Brazier  has  remarked 
( Proc .  Linn.  Soc.  N.S.  Wales  (2),  ix,  p.  561,  1895)  that  transplantation  may 
cause  O.  cucullata  to  develop  into  O.  suhtrigona. 

Another  kind  of  oyster,”  which  Mr.  Bennett  described  but  could  not 
find  for  me,  was  probably  Cleidothcierus  albidus.  Mr.  Bennett  denounced 
Lepsia  haustrum  as  an  oyster-borer,  but  there  are  probably  other  species 
which  should  be  collected  and  determined.  Mr.  Bennett  had  formed  the 
opinion  that  the  normal  ’tween-tide  oyster  contributes  little  to  the  main¬ 
tenance  of  the  species,  and  that  most  of  the  spawn  was  shed  by  a  few  small 
oysters  that  grow  about  low-tide  mark. 

The  Administration  claim  that  their  policy  of  eliminating  private 
management  has,  resulted  in  a  substantial  increase  in  the  output.  I 
arrived  at  the  conclusion  that  where  the  oysters  grow  and  reproduce  as 
vigorously  as  they  do  in  Australia  such  a  policy  would  be  undesirable,  but 
that  it  may  be  justified  where  the  general  conditions  are  so  unfavourable, 
where  spatting  is  so  infrequent  and  growth  so  slow  as  it  is  at  Auckland. 
I  would  recommend  the  collection  of  more  exact  information.  It  would 
be  of  interest  to  mark  specimens,  to  ascertain  their  age  precisely,  to  weigh 
and  measure  them.  Records  of  cultivation,  such  as  the  rate  of  growth 
and  exact  environment,  would  be  acceptable.  Temperature  and  salinity 
records  are  also  necessary  to  the  proper  comprehension  of  the  business. 
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LAKE  TAUPO  AND  ITS  TROUT. 

By  Rev.  H.  J.  Fletcher,  Taupo. 

Lake  Taupo  has  become  famous  throughout  most  of  the  fishing  world 
for  its  giant  rainbow  trout.  The  existence  of  trout  in  the  lake  is  taken  so 
much  as  a  matter  of  course  that  some  people  can  hardly  realize  how 
extremely  recent  the  advent  of  these  beautiful  fish  is.  It  seems  almost 
incredible  that  the  swarming  myriads  of  fish  in  the  lake  could  be  the  result 
of  only  a  few  years’  increase,  yet  such  is  the  fact.  The  prospect  of  what 
must  happen  in  the  near  future  to  the  fishing  in  the  lake,  unless  something 
is  done,  is  exercising  the  minds  of  a  good  many  people  just  now,  and  the 
few  notes  contained  herein,  it  is  hoped,  will  lead  to  steps  being  taken  to 
prevent  the  spoiling  of  the  best  trout-fishing  in  the  world. 

There  exists  some  slight  confusion  as  to  the  time  when  the  first  successful 
introduction  of  trout  took  place.  The  late  Major  Scanned,  when  stationed 
at  Taupo,  interested  himself  in  this  matter,  and  obtained  ova  for  a  small 
hatchery  across  the  Waikato  River  from  Taupo.  This  small  building  was 
standing  on  the  edge  of  the  Waikato  River  about  300  yards  above  the  bridge 
at  Taupo  and  opposite  the  house  where  the  Major  lived.  The  failure  of 
his  attempts  is  inferred  from  the  fact  that  no  fish  were  reported  in  the  lake 
or  rivers  for  long  after  he  left  Taupo,  a  period  of  at  least  twelve  years. 

There  are  other  stories  told  of  private  individuals  liberating  trout-fry, 
but  again  without  visible  result.  In  1894  the  Postmaster  at  Taupo,  Mr.  G. 
Park,  obtained  a  few  thousand  trout-ova  from  the  Masterton  hatchery. 
These  were  hatched  out  in  one  of  the  cold  springs  that  gushes  out  of  the 
ground  at  the  Maori  pa  at  Taupo.  Most  of  the  young  fry  were  liberated 
in  the  Waikato  and  streams  flowing  into  the  lake  on  the  eastern  side,  but 
a  few  were  kept  in  the  small  stream  that  flowed  from  the  spring  into  the 
Waikato.  Mr.  Park  used  to  take  visitors  over  to  see  these  young  trout 
darting  to  and  fro  in  the  clear  water.  In  February,  1895,  they  were  active 
little  fish,  varying  from  5  in.  to  8  in.  long.  In  August  of  1895,  100,000  ova 
were  sent  up  from  Masterton  to  the  care  of  Messrs.  Crowther  and  McCauley, 
Napier.  They  were  forwarded  right  through  to  Taupo  and  placed  in  the 
boxes  that  had  been  prepared  to  receive  them  at  the  spring.  Mr.  Park 
and  a  number  of  volunteers  took  charge  of  them.  Every  morning  one  or 
more  of  the  band  went  over  the  eggs  carefully  and  removed  all  bad  ones. 
Notes  were  kept  of  the  number  of  those  removed,  and  when  added  up  it 
was  found  that  over  80,000  had  been  hatched.  As  soon  as  the  yolk-sac 
had  disappeared  they  were  sent  out  to  the  streams.  Mr.  J.  Crowther,  who 
was  then  driving  a  coach  between  Taupo  and  Tokaanu,  placed  some  of  them 
in  every  stream  between  those  places.  A  steam-launch  belonging  to  Mr.  D 
Fernie  conveyed  the  writer  and  about  20,000  fish  to  the  streams  between 
Karangahape,  on  the  western  side  of  the  lake,  and  Tokaanu.  None  of  these 
fish  were  placed  in  the  streams  between  Karangahape  and  Rangatira.  Within 
two  years  fish  were  seen  in  all  the  streams  on  the  eastern  side.  This  one 
fact  seems  to  prove  the  failure  of  the  other  experiments.  These  trout  were 
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all  classified  under  the  heading  of  4 4  brown."  They  grew  so  rapidly  and  so 
large  that  in  1906  they  had  been  caught  up  to,  and  over,  201b.  in  weight. 
In  1903  a  consignment  of  rainbow  trout  was  obtained  from  the  Okoroire 
hatchery  :  these  were  young  fish  of  fifty  days  and  upwards.  Arrangements 
had  been  made  with  the  Rotorua  Coaching  Company  to  forward  the  cans  of 
young  fish  from  the  train  direct  to  Taupo.  They  travelled  all  night  by 
coach,  and  were  handed  over  to  the  care  of  Captain  T.  Ryan  at  the  wharf, 
Taupo,  and  from  thence  they  were  distributed  by  coach  and  steamer  to 
all  the  streams  running  into  the  Taupo  Lake.  The  next  season  a  further 
supply  was  obtained  and  distributed  in  the  same  manner  ;  also  in  1905  a 
further  supply  was  obtained,  and  in  this  way  every  stream,  small  and  large, 
was  supplied  with  rainbow  trout.  Captain  Ryan  estimates  that  in  the 
three  seasons  mentioned  above  about  250,000  young  trout  were  liberated, 
or  over  80,000  per  year.  Before  the  last  lot  were  turned  out  the  trout 
grown  from  the  first  lot  were  reported  in  every  stream.  From  the  numbers 
reported  it  was  quite  evident  that  they  were  then  thriving  in  a  most 
amazing  manner.  The  great  mortality  that  occurs  in  most  streams  where 
trout  have  been  placed  in  New  Zealand  is  non-existent  in  Taupo.  There 
are  no  ells  or  other  voracious  fish  to  prey  upon  them  in  these  waters.  The 
only  enemy  they  have  worth  considering  is  the  lake  shag. 

For  the  purpose  of  showing  what  is  going  on  now  I  quote  from  an 
article  written  by  Mr.  W.  Arthur,  C.E.,  read  before  the  Otago  Institute  on 
the  9th  July,  1878,  and  published  in  the  Transactions  of  the  New  Zealand 
Institute,  vol.  11,  page  271.  It  appears  from  that  article  that  in  1868 
seventy-five  young  trout  were  put  into  Mr.  Young’s  mill-race  at  Palmerston. 
The  mill-race  has  communication  with  the  Shag  River.  The  first  specimens 
caught  were  those  taken  in  1874,  which  were  placed  in  the  Otago  Museum. 
One  of  these,  a  male  fish,  was  caught  in  June  of  that  year,  and  weighed 
14  lb.  A  female  fish  was  taken  in  July  of  the  same  year,  and  weighed 
16*5  lb.  In  comparing  the  above  dates  we  find  that  the  greatest  possible 
age  of  these  fish  could  not  exceed  six  years.  This  indicates  an  average 
growth  of  the  male  fish  of  2-3  lb.,  and  for  the  female  2-75  lb.,  per  year.  It 
appears  from  the  same  article  that  even  under  the  most  favourable  con¬ 
ditions  a  yearling  trout  will  not  weigh  more  than  1  lb.,  so  that  the  average 
rate  of  growth  after  the  first  year  is  even  more  than  what  is  quoted. 
Female  trout  have  been  caught  at  Taupo  which  gave  an  average  weight  of 
3*5  lb.  per  year  ;  but  for  our  purpose  we  are  taking  the  average  rate  of 
growth  at  2  lb.  only  per  year.  Again  referring  to  Mr.  Arthur’s  article,  he 
mentions  a  healthy  fish  of  about  7  lb.  weight  yielding  close  on  6,000  ova. 
This  is  in  agreement  with,  the  usual  statements  of  expert  fishers.  A  female 
trout  in  good  condition  will  yield  ova  in  the  above  proportion  ;  an  1 1  lb. 
trout  is  expected  to  give  9,000  ova. 

We  will  now  return  to  the  consideration  of  the  increase  of  the  80,000 
rainbow  trout  liberated  in  Taupo  in  January,  1903.  To  allow  for  all  sorts 
of  casualties  we  will  suppose  that  by  January,  1905,  only  8,000  survived, 
and  of  these  we  would  claim  4,000  to  be  females  of  at  least  4  lb.  weight  each. 
They  would  have  deposited,  according  to  the  above,  12,000,000  ova  during 
that  season.  Remembering  the  traps  and  pitfalls  that  surround  the  early 
period  of  a  trout’s  existence,  we  would  allow  that  only  120,000  of  those 
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survive  to  reach  the  adult  stage  :  this  means  that  about  1  per  cent,  of  the 
ova  would  survive  to  reach  the  adult  stage.  The  next  year,  or  January, 
1906,  our  4,000  trout  would  have  still  further  increased  in  weight,  and  would 
be  reckoned  at  6  lb.,  and  their  ova  at  20,000,000.  Of  these,  200,000  are 
expected  to  survive  to  propagate  their  kind.  In  1907  the  weight  would  be 
about  8  lb.,  and  this  would  mean  an  increase  in  the  amount  of  ova  too. 
According  to  the  facts  already  mentioned,  the  ova  would  be  expected  to 
amount  to  28,000,000.  Reducing  this  to  1  per  cent.,  it  amounts  to  280,000. 
At  this  date  we  have  to  take  into  account  the  ova  from  the  60,000  3  lb. 
female  trout,  the  half  of  the  first  year’s  increase  of  the  4,000,  which  would 
amount  to  120,000,000,  or,  reduced  to  the  1  per  cent.,  1,200,000. 

In  order  not  to  encumber  our  paper  needlessly  with  long  rows  of  figures 
we  pass  on  to  the  result  of  those  calculations.  We  just  state  that  we  include 
the  80,000  young  trout  liberated  in  January,  1904,  and  also  the  same 
number  in  January,  1905,  and  include  the  increase,  reckoned  in  the  same 
way,  in  the  results  shown.  We  find  the  weight  of  fish  at  December,  1912, 
would  be  over  8,000  tons,  and  the  number  of  young  trout  at  an  average 
weight  of  3  lb.,  in  addition  to  the  above  8,000  tons,  would  be  155,000,000. 

If  we  have  been  arguing  from  wrong  premises,  if  our  results  are  too  high, 
we  have  no  objection  to  dividing  the  totals  by  ten  ;  but  it  would  only  mean 
that  the  totals  given  would  be  reached  by  January,  1914,  at  the  latest. 

The  trout  in  the  lake  are  already  beginning  to  feel  a  shortage  of  food. 
This  is  shown  by  their  voracity  and  the  number  of  thin  fish  caught  early 
in  the  season.  As  the  small  native  trout  ( Galaxias  fasciatus)  is  becoming 
scarce  and  the  brown  trout  is  becoming  rare,  the  lake  must  either  be  stocked 
with  suitable  trout-food  or  the  number  of  trout  considerablv  reduced.  The 
latter  seems  to  be  the  more  feasible  and  the  more  economical.  If 
2,000  or  3,000  tons  of  fish  could  be  taken  out  of  the  lake  every  year  no. 
harm  would  be  done,  but,  rather,  the  remainder  would  be  the  better  for  such 
a  thinning-out.  Fish  have  been  smoked  by  private  individuals  with  great 
success  and  sent  to  all  parts  of  the  Dominion.  An  army  of  men  could  be 
employed  in  netting,  cleaning,  and  smoking  trout  for  the  breakfast-tables 
of  New  Zealand. 

The  amount  of  fish  taken  out  of  the  lake  by  the  ordinary  methods  of 
fishing  can  hardly  be  taken  into  account  in  reducing  the  number.  The 
total  amount  would  not  be  less  than  50  tons  nor  more  than  75  tons  per 
annum.  The  shag  accounts  for  far  more.  A  shag  would  take  not  less  than 
1  lb.  of  trout  per  day.  Allowing  that  5,000  shags  make  their  home  on  Lake 
Taupo  and  rivers  running  into  the  lake,  they  would  account  for  400  tons.* 
This  is  a  very  low  estimate  :  I  think  1  lb.  per  shag  and  8,000  to  10,000 
shags  nearer  the  mark. 

The  decrease  in  the  number  of  kokopu  has  led  the  shag  to  take  toll  of 
the  young  trout  much  more  than  they  did  a  few  years  ago  ;  but  owing  to 
the  part  taken  by  the  shag  in  transmitting  the  disease  referred  to  below 
it  is  possible  that  steps  may  be  taken  to  exterminate  the  shag. 

There  have  been  several  references  in  the  public  Press  to  diseased  trout. 
The  writers  seem  to  have  confused  leanness  with  disease.  Real  disease 
is  so  rare  that  not  one  fisher  in  twenty  knows  anything  about  it.  There 
is  a  parasite  that  attacks  trout,  or  perhaps  is  swallowed  with  its  food. 

27 — Science. 
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A  trout  with  “  gill-fungus  5  5  was  picked  up  at  the  mouth  of  the  Tongariro 
River  some  time  ago,  but  it  is  a  solitary  case.  No  other  case  has  been 
reported. 

I  had  the  honour  of  discussing  the  rate  of  increase  of  the  Taupo  trout 
with  Professor  Prince,  of  the  Canadian  Fisheries,  and  Mr.  Ayson,  of  the 
Marine  Department,  New  Zealand.  They  were  both  inclined  to  place  the 
increase  of  trout  at  Taupo  at  a  greater  rate  than  that  given  above.  The 
number  of  ova  per  pound  weight  of  fish  would  be  more  accurate  at  700 
instead  of  1,000.  On  the  other  hand,  a  1-per-cent,  survival  was  too  low. 
In  Taupo  it  might  easily  be  placed  at  from  3  to  5  per  cent. 

The  fish  are  steadily  declining  in  average  weight.  A  Hawke’s  Bay 
angler  had  in  1911  an  average  weight  of  10J  lb.  for  a  season’s  catch  :  last 
year  the  average  was  less  than  4  lb.  While  the  average  weight  of  fish  has 
been  steadily  falling,  the  number  caught  per  fishermen  per  day  shows  an 
upward  tendency.  The  number  of  fish  in  the  lake  and  streams  is  incal¬ 
culable.  Three  years  ago,  in  company  with  Mr.  H.  Hill  and  Professor 
Worley,  I  crossed  in  a  small  launch  from  Taupo  to  Karangahape.  When 
nearing  the  high,  cliffs  we  passed  through  an  enormous  shoal  of  trout.  We 
were  nearly  ten  minutes  passing  from  one  side  to  the  other  of  the  shoal. 
One  calm  day,  two  years  ago,  when  crossing  from  Taupo  to  Tokaanu,  I  was 
not  out  of  the  sight  of  rising  fish. 

At  present  this  magnificent  food-supply  is  almost  untouched.  A  staff 
of  men  with  nets,  launch,  smoke-house,  and  other  equipment  is  employed 
by  the  Government  to  take  trout  for  sale.  During  the  season  from  1st 
November,  1917,  to  31st  May,  1918,  they  took  out,  according  to  newspaper 
report,  about  30  tons  of  fish.  It  is  estimated  that  line  fishermen  took  out 
about  10  tons.  But  these  two  combined  are  only  the  skimmings  of  the 
pot  compared  to  the  mighty  feast  that  could  be  taken  every  year  from  a 
source  that  cannot  be  spoilt  except  by  neglect.  The  works  at  Tokaanu 
should  be  extended  to  deal  with  300  or  more  tons  of  trout  annually,  in  any 
or  all  of  the  methods  used  in  the  ordinary  fish  trade.  They  could  be  sold 
fresh,  smoked,  frozen,  or  canned.  A  similar  plant  should  be  erected  at 
Taupo,  to  be  capable  of  dealing  with  the  same  number  of  tons.  The  offal 
as  manure  would  be  of  great  value  to  the  surrounding  country.  Up  to 
the  present  time  trout-fishing  has  been  looked  at  almost  entirely  from  the 
sportsman’s  point  of  view.  We  feel  inclined  to  ask  ^f  the  time  is  not  ripe 
for  a  broader  outlook  as  far  as  the  Taupo  Lake  is  concerned.  Any  measures 
taken  to  restore  the  fish  to  something  like  the  size  and  condition  of  ten 
years  ago  would  be  in  the  best  interests  of  true  sport.  A  sportsman  would 
rather  spend  the  whole  day  catching  a  15  lb.  fish  than  a  full  basket  of 
minnows. 

In  any  arrangements  made  the  interests  of  all  classes  of  fishermen  could 
easily  be  conserved.  There  is  room  for  the  man  with  the  net,  the  local 
resident  fishing  for  the  pot,  and  the  sportsman  for  pleasure.  A  few  places 
could  be  reserved  for  fly  fishers  and  trolling  where  sport  is  known  to  be 
good.  Over  the  rest  of  the  lake  let  the  men  with  their  nets  roam  where 
experience  may  show  fish  can  be  obtained.  There  would  be  an  all-round 
benefit  conferred. 

The  taking  of  1,000  tons  of  fish  out  of  the  lake  every  year  would  benefit 
those  left  behind.  The  catching  and  disposal  of  such  a  quantity  would 
give  employment  to  a  considerable  number  of  men,  and  about  700  tons  of 
good  food  would  be  made  available  yearly. 
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RATE  OF  GROWTH  OF  INDIGENOUS  AND  EXOTIC 
TREES  IN  NEW  ZEALAND. 

Comparison  of  the  Rate  of  Growth  in  relation  to  its  bearing 

on  Forestry. 

By  E.  Maxwell,  Opunake. 

The  growing  recognition  of  the  approaching  world-wide  famine  in  timber- 
supplies,  and  the  fact  that  the  prodigal  waste  in  the  past  of  the  once  great 
and  valuable  forests  of  New  Zealand  has  brought  these  forests  within  a 
very  few  years  of  practical  extinction,  placing  this  country  in  a  much  worse 
position  than  those  where  reasonable  forethought  has  been  exercised,  makes 
it  all-important  that  forestry  operations  in  this  Dominion  should  be  so 
conducted  as  to  fill  the  place  of  the  fast -failing  natural  supplies  as  rapidly 
as  possible. 

Trees  that  will  under  ordinary  conditions  produce  the  greatest  quantities 
of  timber  per  acre,  of  the  various  kinds  required,  in  the  shortest  time,  must 
be  grown  in  preference  to  those  which,  though  possibly  of  greater  value, 
take  longer  to  grow,  and  which  will  produce  less  timber  to  the  acre  in  a  given 
time,  and  to  such  as  are  oversensitive  to  locality,  climatic  and  other  condi¬ 
tions,  and  also  to  such  as  are  for  various  reasons  more  costly  to  raise  and 
maintain. 

On  the  subject  of  our  native  timber-trees  much  has  been  recently  said 
and  written  as  to  their  suitability  for  future  forestry  operations.  Their 
supposed  equality  in  rate  of  growth  to  that  of  exotic  trees  has  been  put 
forward  in  many  quarters,  some  of  which  might  be  supposed  to  be  sources 
of  absolutely  reliable  information.  The  relative  density  of  growth  has  not 
— at  least,  not  prominently  so— been  referred  to,  probably  for  the  reason 
that  it  appeared  obvious  to  all,  or  nearly  all,  that  many  of  the  exotic  trees 
have  in  this  the  advantage.  This  may  be  questioned  by  some  ;  for,  though 
there  are  ample  data  available  in  this  connection  as  to  exotic  trees  under 
all  conditions,  there  are  not  many  so  far  in  regard  to  the  indigenous  trees 
in  systematic  plantation.  If  the  difference  in  the  rate  of  growth  was  proved 
to  be  substantially  in  favour  of  the  indigenous  trees  the  degrees  of  density 
of  growth  of  one  or  more  of  them  in  a  few  instances  under  special  circum¬ 
stances  might  become  a  factor  to  be  reckoned  with  ;  but,  on  the  other  hand, 
if  the  rate  of  growth  of  exotic  trees  is  very  much  greater,  then  nothing  more 
than  is  now  obvious  need  be  known  as  to  the  relative  density. 

The  writer,  with  the  desire  to  help  to  set  at  rest  doubts  as  to  which — 
the  indigenous  or  the  exotic  trees — are  the  more  rapid  growers,  submits 
the  accompanying  tables — E,  F,  and  G — which  are  summaries  of  many 
other  tables  compiled  with  the  object  of  setting  out  as  much  information 
of  direct  value  on  the  subject  as  the  writer  has  been  able  to  assemble  up 
to  the  present. 

In  all  cases  the  data  as  to  the  rate  of  growth  from  which  tlie  tables 
have  been  compiled  have  been  reduced  to  the  average  number  of  years 
in  which,  in  each  instance,  it  takes  a  tree  to  grow  12  in.  in  diameter,  thus 
eliminating  the  confusion  of  varying  ages  and  sizes,  and  so  displaying  a 
direct  and  common  basis  of  comparison. 
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The  measurements  given,  as  taken  by  the  writer,  are  those  of  straight- 
grown  trees  ;  none  are  of  branched  or  ill-grown  ones. 

The  data  taken  from  the  work  of  the  late  Mr.  W.  N.  Blair,  though 
shown  in  table  E,  have  not  been  included  in  the  average,  because  the 
measurements  are  no  doubt  from  fully  matured  trees,  grown  in  Otago,  of 
a  size  greater  than  would  be  aimed  at  in  practical  forestry,  and  their 
inclusion  might  therefore  be  considered  a  somewhat  unfair  comparison. 

Table  E  compares  the  growth  of  indigenous  trees  in  New  Zealand  with 
the  growth  of  foreign  trees  in  foreign  countries  ;  table  F  compares  the 
rate  of  growth  of  indigenous  trees  with  that  of  exotic  trees  grown  in  New 
Zealand ;  and  table  G  gives  the  detailed  averages  of  thirty-four  species  of 
gum-trees,  the  combined  average  of  which  is  shown  in  table  F. 

The  accompanying  diagram  displays  the  relative  diameter-growth  in  a 
given  time  of  the  kauri,  average  of  thirty-four  species  of  valuable  gums, 
redwood  (Sequoia  sempervirens) ,  and  Finns  radiata  (P.  insignis). 


Diagram  showing  the  proportionate  diameter-growth  in  a  given  time  of — -A,  the  kauri ; 
B,  average  of  thirty-four  species  of  gums  ;  C,  redwood  ;  and  D,  Plnus  radiata. 


As,  owing  to  the  difference  in  height  and  taper  of  the  different  kinds 
of  trees,  the  diameter-growth  does  not  always  indicate  the  true  comparison 
of  growth  in  bulk,  the  following  table  is  given  of  cubic  contents,  computed 
from  actual  measurements  of  height,  taper,  and  diameter. 

Table  of  Cubic  Contents  of  Trees  35  Years  old.  Board  Feet. 
Kauri  :  Based  on  Cheeseman’s  average  of  diameter-growth  and 

actual  height-measurement  .  .  .  .  .  .  .  .  100 

Redwood  :  Based  on  the  average  diameter,  height,  and  taper  of 

six  trees  .  .  .  .  .  .  .  .  .  .  1 , 400 

Gum  :  Based  on  average  of  thirty-four  species  given  in  table  G 

and  applied  to  actual  height  and  taper  measurements  .  .  1 , 400 

Pinus  radiata  :  Actual  measurements  of  trees  cut  into  mill-logs  .  .  2 , 200 

In  actual  practice  the  theoretical  number  of  board  feet  would  not,  or 
might  not,  be  obtained,  but  the  quantities  are  in  actual  proportion. 

Whilst  none  of  our  native  forests  occupying  high  and  extremely  rough 
and  poor  country  should  on  any  account  be  destroyed,  and  all  the  millable 
timber  that  still  remains  should  undoubtedly  be  milled  under  strict  regu¬ 
lation  and  made  last  as  long  as  possible,  it  seems  to  4he  writer  that  the 
information  contained  in  the  tables  shows  conclusively  that  it  would  be 
an  utterly  hopeless  undertaking  to  attempt  to  provide  even  a  small  portion 
of  our  future  needs  in  timber  by  growing  native  trees. 
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There  may  be  instances,  where  the  native  forest  occupies  poor  and 
extremely  rough  areas,  and  where  the  continuous  maintenance  of  the  forest 
covering  is  essential  for  climatic  and  other  reasons,  in  which  it  might  answer 
to  maintain  such  as  a  forest  for  production  of  native  timber,  assisting  natural 
regeneration  ;  but  even  in  such  cases  it  is  hard  to  believe  that  from  an 
economic  point  of  view  it  could  possibly  be  profitable  to  wait  174  years 
(vide  Cheeseman’s  article)  to  grow  a  kauri  3  ft.  in  diameter,  when  a  red¬ 
wood  would  grow  the  size  in  35  years.  For,  even  taking  the  monetary 
aspect  and  leaving  out  of  count  the  fact  that  we  cannot  afford,  for  many 
reasons,  to  wait  such  a  time,  if,  allowing  an  absurd  margin  in  favour  of  the 
kauri,  it  would  produce  the  same  quantity  of  Timber  in  100  years  as  the 
redwood  would  in  35,  the  position  would  be  as  follows  (charging  no  cost 
for  establishment  against  either,  but  8s.  per  acre  per  annum  to  cover  all 
annual  costs,  including  value  of  land,  rental,  fencing,  fire-protection,  &c.) : 
Kauri,  100  years  at  8s.  per  acre  per  annum,  compounded  at  4  per  cent., 
£495  ;  and  redwood,  100  years  at  8s.  per  acre  per  annum,  compounded  at 
4  per  cent.,  £29  9s. 

Cheeseman  says  in  the  last  paragraph  of  his  paper  on  “  The  Age  and 
Growth  of  the  Kauri/’*  “  Although  the  kauri  is  not  so  excessively  slow 
in  its  growth  as  has  been  supposed,  it  is  much  slower  than  most  trees  of 
economic  value.  A  tree  of  2  ft.  in  diameter  would  have  an  average  age 
of  116  years  ;  one  of  3  ft.,  174  years  ;  and  one  of  4  ft.  would  be  232  years 
old.  Periods  like  these  are  much  too  long  to  offer  any  hope  of  monetary 
return  from  the  planting  of  kauri  even  if  there  were  not  other  reasons  to 
advance  against  such  an  undertaking.” 

The  information  with  reference  to  the  redwood,  contained  in  table  F, 
is  very  remarkable  in  that  it  shows  extraordinary  evenness  in  rate  of 
growth  of  all  trees  measured,  notwithstanding  the  considerable  difference 
in  climatic 'conditions  under  which  they  have  grown  and  the  difference  in 
age.  Measurements  are  of  trees  in  the  Wairarapa,  at  Tauranga,  and  at 
Rotorua,  and  of  ages  from  16  to  35  years.  The  averages  of  years  to  12  in. 
of  diameter  are,  for  the  different  places,  13-99,  13-68,  and  13-21.  This 
fact  and  the  great  rapidity  of  growth  under  dissimilar  climatic  conditions 
indicate,  so  far  as  the  writer  knows,  for  the  first  time  that  the  redwood 
is  destined  to  play  a  very  important  part  in  future  forestry  operations  in 
this  country. 

Note  regarding  Measurements . — All  measurements  made  by  the  writer 
for  the  purpose  of  finding  the  rate  of  diameter-growth  of  standing  trees 
were  made  4  ft.  from  the  ground,  of  felled  trees  4  ft.  from  the  butt,  and 
of  mill-logs  at  the  lower  saw-cut. 

For  the  purpose  of  ascertaining  the  degree  of  taper  the  writer  made 
measurements  at  every  10  ft.  from  the  butt  to  the  end  of  the  stem.  In  a 
number  of  cases  trees  cut  into  mill-logs  were  measured  at  every  saw-cut. 

The  computations  of  rates  of  diameter-growth  from  data  such  as  con¬ 
tained  in  Mr.  Cheeseman’s  paper  and  the  work  of  the  late  Mr.  W.  N.  Blair, 
are,  of  course,  mostly  from  the  number  of  annual  rings  to  the  inch. 

Height-measurements  :  The  writer  made  exact  measurements,  at  every 
opportunity,  of  trees  felled  for  milling  purposes  and  of  trees  brought  down 
by  gales,  such  as  at  Mokoia,  where  a  number  of  trees  planted  in  1878  were 
brought  down  by  a  gale  in  1917.  Measurements  of  standing  trees  were  in 
some  instances  made  with  the  aid  of  an  instrument,  in  others  were  judged 
by  various  methods  of  estimating. 


*  T.  F,  Cheeseman,  Trans.  N.Z.  Inst.,  vol.  46,  pp.  9-19,  1914. 
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Table  showing  the  Rate  of  Growth  in  New  Zealand  of  Indigenous 
Timber -trees  compared  with  the  Rate  of  Growth  of  Foreign 
Trees  in  Foreign  Countries. 


(In  each  case  the  number  of  years  taken  to  grow  12  in.  in  diameter  is  given.) 


T.  F.  Cheeseman 
(Average  9 '7  in. 
to  10  in.  radius). 

Au ckland  Do¬ 
main  (Measure¬ 
ments  by  E. 
Maxwell,  1918). 

Forestry  Com¬ 

mission.  1913. 

Pukekura  Park, 

N  ew  Plymouth 

(E.  Maxwell, 

1918). 

W.  N.  B  1  a  i  r, 

Hardwoods  of 

Otago. 

Laslett. 

General  Average. 

Kauri 

58-2 

45-36 

50-93 

65-96 

80-4 

60*1 

Rimu 

58-84 

57-77 

162 

"2 

58-31 

White -pine  .  . 

44-88 

75 

150 

o  • 

59-94 

Totara 

57-96 

39-83 

156 

•H  bC 

48-89 

Miro 

59*04 

96 

120 

lo  s 
£ 

77-52 

Tanekaha 

76-32 

68-57 

138 

C>  ^ 

Sh  ^ 

72-44 

Kawaka  ( Libocedrus  Bidwillii)  . . 

.  . 

62 

120 

^  .2 

<D 

62 

Matai 

.  , 

11111 

137 

<D 

111-11 

Puriri 

24-57 

H 

24-57 

— 

Laslett. 

The  Forester. 

i 

Moon  and 
Brown. 

i 

Imported  Tim- 
b  e  r  from 
Young  Trees. j 

Imported  Tim¬ 
ber  from  Old 
Trees. 

General  Ave¬ 
rage. 

, 

Elm  (English) 

J18 

1  33-6 

1 

J  *• 

•  • 

.. 

25-8 

Cedar  (Honduras) 

23-4 

.  . 

.  . 

•  •  • 

23-4 

Oak  (English) 

1 18 
i  34-08 

J  30-53 

•  • 

27-52 

Oregon  (Douglas  fir) 

.  . 

•  • 

43-79 

27-73 

41-51 

37-67 

Scots  pine  ( Finns  sylvestris)  . . 

51-84 

25-29 

.  . 

43-56 

Larch 

,  , 

28-03 

.  . 

28-03 

Pinus  vonderosa 

•  • 

.  • 

47-37 

47-37 

Ash  (English) 

34-8 

.  . 

34-8 

Spruce 

35-29 

.  . 

35-29 

Mahogany  (Honduras) 

38-4 

.  . 

. . 

38-4 

Beech  (English) 

33-96 

. . 

33-96 

Teak  (Moulmein) 

48 

•  • 

48 

Ironbark  (Australian) 

48 

.  . 

.  . 

48 

Greenheart  (Demarara) 

55-2 

.  • 

.  . 

•  • 

55-2 

Oak  (white  American) 

56-4 

•  • 

.  . 

56-4 

Dantzig  fir 

*  57-84 

,  . 

57-88 

Pinus  strobus 

•  • 

.  . 

5714 

57-14 

Ash  (American) 

75-32 

75-32 
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Table  showing  the  Eate  of  Growth  of  New  Zealand  Indigenous  Timber- 
trees  (the  Kauri  being  the  most  rapid  Timber-producer,  its  Rate  is 
taken)  as  compared  with  the  Rate  of  Growth  of  Exotic  Trees  in 
New  Zealand. 


(In  each  case  the  average  number  of  years  taken  to  grow  12  in.  in  diameter  is  given,  except 
in  the  first  column,  in  which  the  number  of  feet  grown  vertically  in  12  years  is  given.) 


T.  W.  Adams,  Green- 
dale  (12  years  Height- 
growth  in  Feet). 

Forestry  Commission, 
1913  (Years  taken 
to  grow  12  in.). 

Rev.  Simmonds. 

Pukekura  Park,  New 
Plymouth  (E.  Max¬ 
well). 

Mokoia,  near  Hawera 
(E.  Maxwell). 

Marumarunui,  Tara¬ 
naki  (E.  Maxwell) 

Forestry  Report,  1909 
(Mr.  Adams). 

Hill  -  dene,  Tauranga 
(E.  Maxwell). 

State  Plantations, 

Rotorua  (E.  Max¬ 

well). 

Karaka.  Auckland 

(E.  Maxwell). 

General  Average  Num¬ 

ber  of  Years  taken  to 
grow  12  in.  diameter. 

Kauri  . . 

58-2* 

Pinus  radiata 

,  # 

9*4 

.  • 

13-4 

12-8 

8-9 

11-6 

,  . 

.  , 

11-4 

11-1 

Cupressus  macrocarpa 

.  . 

10 

12 

15-5 

17-7 

c  . 

.  . 

.  • 

.  . 

13-6 

Gurus]* 

.  . 

.  . 

•  . 

.  . 

.  . 

•  • 

•  • 

.  . 

14-3 

Sequoia  sempervirens 
(redwood) 

10 

•  • 

13*99i 

•  • 

13-21$ 

13-68 

13-61 

Wellingtonia  gigantea 

23 

16*2 

167 

.  . 

•  • 

.  . 

16-4 

Pinus  J effreyana 

23 

•  • 

.  • 

•  . 

16 

.  . 

16 

P.  Torreyana 

21 

•  • 

.  . 

.  . 

17-3 

.  • 

17-3 

P.  Laricio  . . 

21 

.  . 

•  . 

•  . 

•  • 

*  , 

.  . 

P.  Benthami 

20 

•  • 

.  , 

.  . 

.  • 

•  • 

o  • 

P.  ponderosa 

26 

18*1 

•  • 

.  • 

O  a 

.  • 

18-1 

P.  Murrayana 

18 

19*5 

.  . 

.  . 

.  . 

.  . 

19-5 

P.  austriaca 

20 

23 

•  • 

.  . 

•  • 

.  . 

23 

Oregon  pine  (Douglas 

28 

22*7 

.  e 

o  . 

•  • 

.  • 

22-7 

fir) 

Pinus  sylvestris  (Scots 

.  . 

23-8 

.  . 

•  . 

•  • 

23-8 

>  pine) 

Cupressus  Lawsonia  .  . 

0  • 

•  • 

•  • 

.  , 

30-7 

30-7 

Japanese  cedar 

.  . 

e  . 

24-9 

.  • 

•  • 

•  . 

24-9 

Acacia  melanoxylon 

•  • 

.  . 

33 

18 

.  . 

•  • 

25-2 

(blackwood) 

Oak 

•  • 

21*8 

28-8 

.  . 

•  • 

•  • 

25-3 

Elm 

•  • 

21*7 

32 

•  • 

,  , 

•  • 

26-8 

Larch 

26*4 

•  • 

•  • 

•  • 

26-4 

*Mr.  Cheeseman’s  average.  t  Average  of  34  species  as  per  table  G  attached.  J  Trees  35  years  old. 
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Gr. 

Table  showing  Rate  of  Growth  of  Thirty-four  Species  of  Eucalypts 

of  Value  for  Timber. 


(The  average  number  of  years  taken  to  grow  12  in.  in  diameter,  computed  from 
measurements  taken  from  numbers  of  trees  at  various  places.) 


— 

W.  H.  Warren,  C.E., 
Australian  Timber. 

Forestry  Commission, 
New  Zealand,  1913. 

Forestry  Commission: 
Paper  by  Rev.  Sim- 
monds. 

Marumarunni,  T  a  r  a- 
naki  (E.  Maxwell). 

State  Plantations, 

Rotorua  (E.  Max¬ 

well). 

1 

Wesley  College,  Three  ! 

Kings,  Auckland. 

Railway  Reserve,  Pa- 

pakura  (E.  Max¬ 

well). 

Karaka,  Auckland 

(E.  Maxwell). 

General  Average  Num¬ 

ber  of  Years  to  grow 
12  in.  diameter. 

Eucalyptus  ?  sp.  . . 

7-4 

7-4 

E.  amygdalina  (black 

•  • 

.  . 

9-6 

8-8 

.  . 

9-2 

pepper-nut) 

E.  robusta 

,  . 

.  . 

10-2 

•  . 

.  . 

10-2 

E.  coriacea 

.  . 

,  , 

10-8 

.  , 

•  . 

.  . 

10-8 

E.  urnigera 

.  . 

.  • 

10-8 

.  . 

.  . 

10-8 

E.  Gunnii 

.  . 

12-9 

9 

.  . 

.  . 

10-9 

E.  fastigata 

.  . 

.  . 

10-8 

10-7 

11*5 

11T 

E.  corymbosa 

11-7 

.  . 

.  . 

.  . 

.  . 

•  • 

11*7 

E.  microcorys 

•  • 

.  . 

•  . 

12-2 

•  • 

12-2 

E.  Macarthuri 

•  . 

133 

11-3 

.  . 

•  • 

•  • 

,  . 

12-3 

E.  acervula 

,  , 

12 

133 

132 

9 

,  , 

12-3 

E.  saligna 

12-5 

.  . 

•  • 

.  • 

.  . 

(7-05?) 

•  , 

12-5 

E.  botryoides 

11 

.  . 

•  • 

•  • 

•  . 

14 

•  • 

12-5 

E.  obliqua  (stringy- 

.  . 

11-4 

10-7 

12-5 

.  • 

•  • 

17 

12-9 

bark) 

E.  paniculata 

.  . 

15 

111 

...  . 

>  . 

13 

E.  rostrata  (red-gum) 

16-9 

8-5 

14 

•  • 

13T 

E.  globulus  (blue- 

.  • 

15T 

12*7 

•  . 

135 

gum) 

E.  resinifera 

.  . 

.  . 

14-1 

•  . 

14T 

E.  gigantea 

.  . 

14-4 

•  • 

•  • 

14-4 

E.  tereticornis 

.  . 

•  . 

15-7 

13-3 

•  . 

14-5 

E.  virgata 

.  . 

.  • 

.  . 

14-7 

.  . 

14-7 

E.  viminalis 

•  • 

17-4 

9 

16-4 

14-8 

E.  Sieberiana 

.  . 

,  , 

13-5 

16-3 

•  • 

14-9 

E.  pilularis 

.  . 

•  • 

11*4 

•  • 

18-4 

14-9 

E.  capitellata 

.  . 

.  . 

15 

(7-5) 

.  . 

15 

E.  punctata 

•  . 

•  • 

22-5 

* 

* 

15-4 

E.  sideroxylon 

.  . 

•  • 

16-3 

.  . 

16-3 

E.  diversicolor  (karri) 

,*  , 

.  . 

16-6 

16-6 

E.  eugenioides 

•  . 

192 

10-8 

20-7 

16-9 

E.  haemostoma 

18 

•  . 

.  . 

,  t 

18 

E.  longifolia  (woolly- 
butt) 

18-2 

18-2 

E.  pipereta 

20 

•  . 

.  • 

.  . 

20 

E.  corynocalyx 

.  • 

.  . 

22-8 

•  •  . 

22-8 

E.  maculata 

29-8 

29-8 

Average  of  34  . . 

14*3 

*  S.  I.  Clark,  8‘3. 
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POWER  FROM  TOWN  WATER-MAINS. 

By  E.  Parry,  Public  Works  Department,  Wellington. 

Attempts  are  made  from  time  to  time  to  derive  a  supply  of  power  from 
town  mains,  sometimes  in  small  units  for  industrial  purposes,  and  some¬ 
times  in  larger  quantities  on  a  more  ambitious  scale  for  pumping  sewage,  or 
for  generating  electric  power  for  general  distribution.  In  every  case  which 
has  come  to  my  notice  the  result  has  not  come  up  to  expectations.  The 
reason  why  will  be  evident  on  perusal  of  the  present  article,  the  object  of 
which  is  to  discuss  the  subject  and  to  elucidate  the  underlying  principles. 

It  is  not  generally  realized  how  small  a  flow  of  water  is  required  to 
satisfy  the  domestic  and  ordinary  requirements  of  a  community,  nor,  on  the 
other  hand,  how  large,  comparatively  speaking,  is  the  flow  required  to  generate 
a  very  moderate  amount  of  power  at  ordinary  town  pressures ;  and  when  it 
is  attempted  to  draw  the  larger  quantity  through  long  pipes  of  small  diameter 
designed  for  quite  another  purpose  the  result  is  naturally  disappointing. 

These  principles  may  be  better  elucidated  by  reference  to  a  typical 
case  of  town  water-supply  service — for  example,  that  of  Wellington.  The 
principal  supply  is  obtained  from  Wainuiomata,  approximately  fourteen 
miles  distant.  More  precisely,  the  main  supply  is  brought  through  25,400  ft. 
of  30  in.  main,  and  46,700  ft.  of  24  in.  main  in  parallel  with  a  20  in.  main. 
The  difference  in  level  between  the  service  reservoir  at  Wainui  and  the 
end  of  the  main  in  Thorndon  is  400  ft.  The  mains  and  branches  are  fully 
adequate  for  the  ordinary  needs  of  the  community,  but  most  engineers 
even  would  be  somewhat  astonished  to  learn  that  the  utmost  possible 
amount  of  power  which  could  be  obtained  at  the  end  of  the  mains  at 
Thorndon,  with  full  use  of  the  mains  and  without  any  regard  to  the 
exigencies  of  control  or  governing,  would  be  about  270  b.h.p.,  more  or  less 
according  to  the  state  of  the  pipe-surface  and  the  efficiency  of  the  water¬ 
wheel.  The  maximum  amount  of  power  which  could  be  obtained  from 
the  full  use  of  the  same  mains  if  the  fall  of  pressure  be  limited  to,  say, 

5  per  cent.,  so  as  to  secure  good  governing,  is  about  155  b.h.p.  Now,  it 
is  obvious  that  the  cost  of  providing  power  in  this  manner  would  be 
absolutely  prohibitive  ;  and  it  follows  that,  inasmuch  as  the  charge  for 
domestic  water-supply  is  a  most  reasonable  one,  it  must  be  based  upon 
a  limited  and  intermittent  use  of  the  water,  and  that,  on  the  other  hand, 
the  cost  of  supplying  water  for  continuous  use  over  long  periods,  such  as 
power  for  industrial  purposes,  or  the  continuous  use  of  water  for  any 
purpose  such  as  watering  a  garden,  would  also  be  prohibitive  if  the  price 
were  fairly  and  justly  assessed. 

The  amount  of  power  which  could  be  obtained  in  the  aggregate  at  the 
end  of  the  branches  and  services  would  diminish  rapidly  with  the  extent 
and  number  of  subdivisions,  because  the  friction  losses  in  small  pipes 
increase  rapidly  as  the  diameters  of  the  pipes  diminish,  and  the  difference 
in  this  respect  between  a  large  and  a  small  pipe  is  not  adequately  realized.  - 
The  following  example  taken  from  a  standard  table  exhibits  the  contrast 
in  a  marked  manner. 

A  pipe  3  in.  in  diameter  will  discharge  16-253  gallons  of  water  per 
minute  under  a  certain  head,  whilst  a  pipe  12  in.  in  diameter  will  discharge 
520-61  gallons  per  minute  under  the  same  head  :  i.e.,  a  pipe  of  16  times 
the  cross-sectional  area  discharges  32  times  as  much. 
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It  is  obvious  from  the  foregoing  that  power  for  industrial  purposes 
cannot  be  economically  provided  through  long  pipes,  and  that  both 
economy  and  good  regulation  demand  the  shortest  possible  length  of  pipe 
consistent  with  the  head. 

It  is  obvious  also  that,  as  a  general  rule,  the  two  sources  of  water-supply 
and  power-supply  cannot  be  combined.  Very  rare  cases  occur,  however, 
where  the  necessary  bead  is  obtained  in  a  short  distance,  and  where  the 
flow  of  water  is  sufficient  to  satisfy  the  power  requirements,  in  which  case 
the  two  services  may  with  advantage  be  combined  :  that  is  to  say,  a  power- 
station  would  be  situated  at  the  foot  of  the  slope  where  electric  power 
would  be  generated  and  transmitted  to  the  town,  which  may  be  some 
miles  off,  and  at  the  same  time  a  domestic-water-supply  pipe  would  be 
laid  between  the  same  limits.  A  combination  of  this  kind  was  proposed 
at  one  time  for  Ohakune  by  Messrs.  H.  W.  Climie  and  Sons,  but  was  not 
carried  out.  A  very  interesting  combination  of  electric-power  supply, 
water-supply,  and  drainage  has  been  carried  out  by  the  same  firm  for 
Raetihi.  This  consists  of  a  hydro-electric-power  station  situated  some 
five  miles  distant  from  Raetihi,  at  which  electric  power  is  generated  and 
transmitted  to  Raetihi,  and  there  employed  for  lighting  and  power,  and, 
amongst  other  things,  for  pumping  water  from  the  Mangawhero  River, 
in  the  vicinity  of  the  town,  to  reservoirs  built  on  an  eminence.  This,  of 
course,  does  not  involve  the  question  of  the  common  use  of  water-mains, 
but  it  is  worth  quoting  as  an  example  of  a  happy  combination  well  thought 
out  and  of  work  well  executed. 

Returning  to  the  subject,  cases  arises  where  it  is  found  advantageous 
to  take  power  from  town  mains,  as,  for  instance,  when  the  object  is  to  supply 
electric  power  during  the  night  so  as  to  economize  fuel  and  labour  in  cases 
where  an  independent  power  plant  is  available  for  service  during  the  day. 
A  very  satisfactory  result  is  often  obtained  because  the  water-service  is  not 
otherwise  in  great  demand  during  the  night  hours,  and  the  water  may  be 
devoted  wholly  or  in  part  to  the  supply  of  electric  power.  This  is  a  very 
great  convenience  in  small  towns,  where,  for  various  reasons,  an  alter¬ 
nating-current  system  is  deemed  to  be  the  most  suitable  for  the  require¬ 
ments,  and  where  the  expense  entailed  in  maintaining  the  fuel  power  plant 
in  operation  during  the  night  is  not  justified.  Occasionally  a  battery  of 
electric  accumulators  is  employed  under  the  circumstances  mentioned, 
which  is  charged  during  the  day  by  means  of  a  direct-current  generator 
driven  by  an  alternating-current  motor  deriving  its  supply  from  a  steam-, 
gas-,  or  oil-driven  alternating-current  power  plant,  as  the  case  may  be. 
Alternatively,  when  the  conditions  are  suitable,  the  night  load  may  be 
supplied  most  advantageously  from  the  water-supply  mains,  by  means 
of  a  turbine  and  a  generator,  which  may  be  left  without  attendance,  and 
the  fuel  plant  shut  down. 

In  some  recent  instances  attempts  have  been  made  to  obtain  a  supply  of 
electric  power  from  town  mains  during  the  day  as  a  temporary  measure, 
pending  the  establishment  of  permanent  works  which  have  been  postponed 
because  of  the  war. 

Inasmuch  as  the  device  has  been  found  useful  on  occasions,  it  may 
be  worth  while  investigating  the  principles  involved  and  illustrating  the 
application  of  the  same  by  a  few  examples. 

First  as  regards  the  maximum  power  which  can  be  obtained  from  a 
given-sized  pipe  :  Let  h0  be  the  static  'head  in  feet  ;  let  v  be  the  velocity 
of  flow  in  feet  per  second,  h  the  corresponding  friction  head,  l  the  length 
of  pipe,  r  the  hydraulic  mean  depth.  Then  we  have,  according  to  Chezy’s 
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formula,  h  =  lv2/C2r.  If  A  be  the  area  of  the  pipe  in  square  feet,  the 
flow  is  A.v  and  the  gross  power-input  into  the  turbine  is 


(h0  —  lv2/C2r)  horse-power,  or  ~  (h0v  —  lv3/C2r). 


550 


This  is  a  maximum  when  the  rate  of  change  of  power  is  passing  from 
positive  to  negative,  or,  in  other  words,  when  the  differential  with 
respect  to  time  is  zero.  Differentiating  and  equating  to  zero,  we  obtain 
h0  =  3lv2/C2r,  or  lv2/C2r  =  h0/ 3;  but  lv2/C2r  is  the  friction  head  in  the 
pipe,  and  we  conclude  that  the  maximum  power  is  obtainable  when  the 
friction  head  is  equal  to  one-third  of  the  static  head.  It  is  not  desirable 
to  work  to  the  full  limit ;  in  fact,  in  hydro-electric  practice  the  loss  of 
head  by  friction  in  a  pipe-line  is  of  the  order  of  3  to  4  per  cent.,  a  con¬ 
dition  imposed  by  the  necessity  for  good  regulation  and  the  conservation 
of  the  water-supply.  Where,  however,  a  town  main  with  a  given  flow  of 
water  is  available  the  object  should  be  to  make  the  fullest  possible  use 
of  the  facilities  already  provided  ;  and  having  ascertained  the  maximum 
possible  power  which  is  obtainable,  it  is  then  necessary  to  decide  which 
proportion  of  this  should  be  used,  having  regard  to  the  requirements  of 
regulation  ;  and  in  this  connection  the  form  of  the  curves  in  the  accom¬ 
panying  diagram  should  be  studied.  These  curves  have  for  abscissae  the 
ratio  of  the  pressure  at  the  delivery  end  of  a  given  pipe  to  the  static  head  ; 
the  ordinates  show  the  power  obtainable,  corresponding  to  a  given  ratio  of 
working-pressure  to  static  pressure.  It  will  be  seen  that  the  maximum 
occurs  when  the  working-pressure  is  two-thirds  of  the  static  pressure.  For 
the  purpose  of  constructing  the  curve  the  following  data  have  been 
assumed  :  Length  of  pipe,  5,400  ft.  ;  value  of  C  =  60  ;  static  head,  250  ft.  ; 
diameter  of  pipe,  1  ft.,  2  ft.,  2  ft.  6  in.,  and  3  ft.  When  it  is  desired  to 
know  the  maximum  power  available  after  providing  for  a  certain  flow  for 
domestic  purposes  the  calculation  is  more  complex.  One  way  of  approxi¬ 
mating  to  it,  and  one  which  is  justifiable,  especially  in  view  of  the  fact  that 
the  flow  which  is  required  to  satisfy  the  general  domestic  supply  is  small 
compared  with  the  flow  required  to  satisfy  the  power-supply,  is  to  calculate 
the  maximum  power  on  the  assumption  that  the  whole  flow  is  for  power, 
in  accordance  with  the  foregoing  principles,  and  deduct  from  this  the  power 
represented  by  the  flow  required  for  domestic  purposes  and  the  pressure 
under  which  it  is  acting. 

A  question  which  often  arises  in  this  case  is,  What  is  the  equivalent  of 
two  or  more  pipes  in  parallel  ?  The  equivalent  single  pipe  is  obviously 
one  which  will  conduct  the  same  quantity  of  water  with  the  same  frictional 
loss.  The  answer  is  easily  obtained  if  it  be  assumed  that  the  value  of  the 
coefficient  of  friction  is  the  same  for  two  different  diameters  of  pipe  and 
for  different  velocities,  which  is  not  strictly  the  case,  as  the  value  depends, 
amongst  other  things,  upon  the  product  of  the  diameter  and  the  velocity,* 
but  for  practical  purposes  the  same  value  of  the  coefficient  may  be  taken 
in  each  case.  Let  vx  and  v2  be  the  velocities  of  flow,  and  q1  and  q2  the 
flow  in  two  pipes  of  areas  and  A2  respectively.  Let  v,  q,  and  A  be  the 
corresponding  values  for  the  equivalent  pipe.  We  have,  in  order  to  satisfy 
the  first  condition,  q  —  qt  -f-  q2  ;  and  in  order  to  satisfy  the  second  condi¬ 
tion,  h  =  lv12/C2r1  =lv22/Q2r2  =lv2/C2r,  where  r,  r1,  and  r2  represent  the 
hydraulic  mean  depth.  The  value  of  C  is  assumed  to  be  the  same,  whilst 


*  E.  Parry,  Surface  Friction  of  Fluids,  N.Z.  Journ.  Sci  6s  Tech.,  vol.  1,  pp.  154-56, 

1918. 
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both  length  l  and  friction  head  li  are  the  same,  by  the  condition  of  the 
problem. 

We  have  from  the  second  equation  v12/r1  =  v22/r2  =v2/r.  Expressing 
v±  and  v2  in  terms  of  v,  we  have  v±2  =  v2r1/r,  and  v22  =  v2r2/r.  ‘From  the 


first  equation  we  have  Av  —  Ajiq  -j-  A2v2, 
we  have 

Av  =.  Atv  V  -1  +  A2 


and  substituting  for  i\  and  v2 

v  .  \/ — 
r 
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that  is  to  say,  the  2J  power  of  the  equivalent  diameter  is  equal  to  the  sum 
of  the  2J  power  of  diameters  of  the  pipes  to  which  it  is  the  equivalent. 

Another  question  which  presents  itself  is  the  equivalent  length,  where 
pipes  of  different  diameters  are  connected  in  series. 

Let  it  be  required  to  find  a  length  l  of  a  pipe  of  diameter  d  which 
shall  deliver  water  at  the  same  rate,  and  with  the  same  loss  of  head  in 
friction,  as  another  pipe  of  length  lx  and  diameter  We  have  according 

to  the  usual  convention  h  =  lv2/C2r  =  l1v12/C12r1.  Let  the  value  of  C  be 
the  same  in  both  cases  and  we  have  l  =  llv12r/v2r1.  Substituting  for  v 


and  v1  their  values  in  terms  of  the  flow  and  the  area — viz.,  Q/^d2  and 

7T 

Q/4di2 — and  for  r  and  rl  their  values  in  terms  of  the  diameters — viz.,  d/4 


and  dj 4 — we  have  l/l1  —  d5/dj5  :  i.e.,  the  lengths  are  proportional  to  the 
fifth  power  of  the  diameter. 

The  following  are  examples  taken  from  actual  practice.  Referring  to 
the  case  of  Wellington,  already  cited,  the  diameter  of  pipe  equivalent  to 
the  24  in.  and  20  in.  mains  in  parallel  is  2434  ft.,  and  the  equivalent  length 
in  30  in.  pipe  is  53,400  ft.,  so  that  the  30  in.  equivalent  of  the  whole  system 
is  53,400  +  25,400,  or  78,800  ft. 

Another  example  from  another  town  :  Two  pipes  are  run  in  parallel 
for  a  distance  of  9,900  ft.,  the  diameter  of  one  being  18  in.  and  of  the 
other  24  in.  The  two  pipes  are  then  united  and  joined  into  a  single  pipe 
3  ft.  in  diameter  and  2,480  ft.  long.  The  static  head  at  the  delivery  end 
of  the  3  ft.  pipe  is  246  ft.  It  is  required  to  know  approximately  what  is 
the  maximum  possible  power  which  can  be  obtained  at  the  end  of  the  3  ft. 
pipe.  For  simplicity  and  convenience  it  is  desirable  to  reduce  the  system 
of  pipes  to  one  pipe  of  equivalent  diameter  and  length.  Take  first  the  two 
pipes  :  we  find  the  diameter  of  a  single  equivalent  pipe  to  be,  in  accordance 
with  the  foregoing  principles,  2*343  ft.,  and  the  length  of  a  pipe  of  this 
diameter  which  is  equivalent  to  a  3  ft.  pipe  to  be  721  ft.  ;  so  that  the  single 
equivalent  of  the  system  of  pipes  is  a  pipe  2*343  ft.  in  diameter  and 
9,900  +  721  or  10,621  ft.  long. 

In  accordance  with  the  principles  already  expounded,  the  maximum 
power,  irrespective  of  good  regulation  or  any  other  condition,  is  obtained 
when  one-third  of  the  static  head  is  lost  in  friction  in  the  pipes.  The 
static  head  being  246  ft.,  the  friction  head  is  82  ft.  From  the  formula 
h  =  lv2/C2r  we  find  the  value  of  v  to  be  4*03  ft.  per  second  where  l  —  10621, 
r  =  2*343/4  =  0*586.  The  value  of  C  is  taken  at  a  low  value  of  60  so  as 
to  take  into  account  bends,  joints,  change  in  diameter,  valves  and  screens, 
and  deterioration  of  surface  with  age.  The  diameter  of  the  equivalent 
single  pipe  being  2*343  ft.,  its  area  is  4*3  square  feet,  and  the  flow  due  to  a 
velocity  of  4*03  ft.  per  second  17*33  cubic  feet  per  second  ;  the  net  head 
after  deducting  82  ft.  consumed  in  friction  is  164  ft.,  and  the  power  con¬ 
tained  in  the  water  is  consequently  164  X  17*33  -y  8*8  =  323  h.p. 

The  brake  horse-power  depends  on  the  efficiency  of  the  wheel,  and  taking 
70  per  cent,  as  a  fair  efficiency  for  a  wheel  of  this  size  we  find  the  maximum 
brake  horse-power  to  be  226.  The  figure  of  323  h.p.  must  be  regarded  as 
a  first  approximation  only  in  order  to  determine  the  order  of  magnitude, 
and  is  liable  to  modification  upon  detailing  the  length  of  straight  pipe,  the 
length  of  angle  and  number  of  bends,  joints,  &c.,  and  it  is  quite  possible 
that  a  much  higher  value  of  C  may  be  justified  ;  but  detailed  calculation 
is  hardly  warranted,  as  the  object  is  not  to  determine  the  amount  of  power 
to  be  actually  utilized,  but  the  maximum  possible  irrespective  of  other 
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considerations.  If  the  loss  of  pressure  be  limited  to  5  per  cent,  in  order 
to  obtain  good  regulation,  the  power  obtainable  at  the  same  efficiency  would 
be  110  b.h.p. 

Another  instance  simpler  than  the  preceding  may  be  quoted  for  an 
example.  The  pipe  in  this  case  is  a  single  one,  5  in.  in  diameter  and 
2,400  ft.  long.  The  static  head  270  ft.  Taking  C  =  60,  as  before,  and  with 
a  loss  of  head  of  90  ft.,  equivalent  to  one-third  the  static  head,  the  velocity 
is  found  to  be  3-75  ft.  per  second  and  the  flow  0-51  cusecs.  The  maximum 
power  obtainable  at  an  efficiency  of  60  per  cent,  is  found  to  be  6-24  b.h.p. 
If  the  loss  of  pressure  be  limited  to  5  per  «cent.  the  power  obtainable  at  the 
same  efficiency  would  be  3J  b.h.p. 


INDUSTRIAL  SCIENTIFIC  RESEARCH. 

A  new  and  important  departure  in  the  organization  of  industrial  research 
schemes  has  been  made  in  the  refractory  and  pottery  trade  in  Great  Britain. 
The  scheme  was  fathered  by  the  Ceramic  Society,  and  the  co-operation  of 
the  Scientific  and  Industrial  Kesearch  Department  has  been  secured.  The 
following  extract  from  Engineering  (London)  indicates  the  nature  and 
scope  of  the  organization,  and  New-Zealanders  will  be  interested  to  learn 
that  Dr.  Mellor  is  so  honourably  associated  with  the  new  venture  : — 

“  The  British  Refractories  Research  Association  can  now  be  registered 
and  start  working,  the  report  of  the  committee  having  been  adopted  by  the 
Ceramic  Society.  It  must  be  remembered  that  it  is  not  a  trading  society. 
Members  will  be  firms  and  companies,  as  well  as  individuals,  who  are 
interested  in  refractory  materials  and  products  in  any  way,  and  the 
association  is  to  be  managed  by  a  council  elected  annually  by  the  members, 
on  a  very  wide  basis.  Dr.  J.  W.  Mellor,  of  Stoke-on-Trent,  is  to  be  the 
technical  director  of  the  research  work,  and  Mr.  R.  C.  Rann  has  been 
appointed  secretary,  the  offices  being  in  London.  Members  are  to  contribute 
annually  5  to  50  guineas  for  five  years,  and  their  only  other  liability  is  £5 
per  member  towards  liquidation  in  case  of  winding  up  during  the  period  of 
membership  or  within  one  year  afterwards.  The  Scientific  and  Industrial 
Research  Department  will  contribute  for  five  years  an  amount  equal  to  that 
contributed  by  the  members.  The  total  sum  required  is  estimated  to  be 
about  £6,000  per  annum,  but  if  more  should  be  available  it  will  simply 
mean  that  more  research  work  can  be  proceeded  with  accordingly.  Co-opera¬ 
tion  with  similar  research  associations  in  other  industries  will  be  aimed  at. 
Members  will  have  the  valuable  privileges  of  getting  answers  to  technical 
questions,  of  recommending  subjects  for  research,  and  the  right  to  use 
any  patents  or  secret  processes  resulting  from  the  research  work  of  the 
association.  It  may  be  added  that  over  500  guineas  per  annum  for  five 
years  have  already  been  promised.  A  preliminary  programme  of  research 
work  has  been  formulated,  and  it  is  proposed  to  have  refractories  made  to 
the  association’s  specifications,  and  to  have  them  tested  under  service 
conditions.” 

Technical  and  commercial  men  will  realize  that  this  is  a  practical  and 
promising  step,  and  that  the  future  progress  and  success  of  the  schemes 
should  be  watched  carefully  by  all  those  who  appreciate  the  importance  of 
fostering  the  rapprochement  between  science  and  industry  that  is  a  feature 
of  trade  activity  to-day 
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ASTRONOMICAL  NOTES. 

The  Origin  of  New  Stars  (No.  3). 

Partial  or  Constructive  Impact. 

We  have  seen  that  a  collision  between  two  suns  will  liberate  suddenly  a 
supply  of  energy  which,  though  easily  expressed  in  figures,  is  inconceivably 
great,  and  amply  sufficient  to  account  for  the  amazing  outbursts  that  have 
been  observed.  Whether  an  impact  is  direct  or  of  a  grazing  character, 
the  collision  will  also  account  for  the  astonishingly  rapid  increase  of  bright¬ 
ness.  It  is  evident,  however,  that  a  direct  impact — or,  indeed,  any  impact 
that  results  in  the  complete  coalescence  of  the  two  bodies — will  fail  utterly 
to  account  for  the  transient  character  of  most  temporary  stars.  There  is 
no  doubt  that  direct  impacts,  though  extremely  rare,  must  sometimes  occur, 
but  we  have  no  record  of  any  such  phenomenon  having  ever  been  observed. 
When  a  direct  collision  does  happen  a  new  star  will  be  formed,  not  to  fade 
to  insignificance  in  a  few  short  months,  but  to  show  its  light  in  the  heavens 
for  untold  millions  of  years. 

Each  time  a  nova  is  found  to  have  the  light  curve  so  characteristic  of 
these  bodies  it  gives  evidence  of  a  'partial  impact.  The  steepness  of  the 
rising  curve  points  to  a  collision  of  some  kind  as  the  cause  of  the  sudden 
liberation  of  such  vast  stores  of  energy  ;  and  the  steep  downward  slope 
which  follows  proclaims  that  the  impact  was  by  no  means  direct. 

That  the  phenomena  associated  with  grazing  impacts  should  be  much 
more  common  than  those  which  follow  complete  collisions  is  exactly  what 
we  should  naturally  expect,  and  the  results  of  observation  confirm  this 
expectation.  Even  if  there  were  no  such  thing  as  gravity,  and  if  stars 
were  spheres  moving  indiscriminately  in  straight-line  courses  through  space, 
partial  impacts  would  be  far  more  common  than  direct  ones.  To  put  the 
case  numerically,  let  us  imagine  a  projectile,  fired  at  random  and  moving 
in  a  straight  line,  to  hit  a  distant  sphere.  Let  the  sphere  be  divided  into 
a  number  of  shells  by  spherical  surfaces  concentric  with  itself,  and  equi¬ 
distant  from  one  another.  Then,  considering  the  sphere  as  a  target,  it 
can  be  represented  by  a  circular  bull’s-eye  surrounded  by  concentric  rings 
of  equal  width.  If  the  radius  of  the  sphere  is  divided  into  100  equal  parts, 
the  outer  ring  of  the  target  will  have  an  area  of  199  times  as  great  as  the 
bull’s-eye.  Therefore  a  particle  aimed  at  random  and  moving  in  a  straight 
line  will  be  199  times  as  likely  to  pass  through  the  outer  ring  as  through 
the  bull’s-eye — that  is,  it  will  be  199o  times  as  likely  to  pass  through  the 
sphere  within  one-hundredth  part  of  the  radius  from  the  outer  surface  as 
to  pass  within  the  same  distance  of  the  centre  of  the  sphere.  If  the  bullet 
were  a  sphere  similar  to  the  target  the  two  would  just  graze  when  their 
centres  were  two  radii  apart.  The  chance  of  a  graze  penetrating  less  than 
one-hundredth  of  the  radius  from  the  outer  surface  would  then  be  399 
times  as  great  as  that  of  a  collision  within  the  same  limits  of  a  direct  one. 
If  there  were  1,000  shells  instead  of  100  the  chances  in  the  two  cases  would 
be  1,999  to  1  and  3,999  to  1  respectively. 

It  is  clear  then  that,  even  if  stars  moved  in  straight  lines,  grazing 
impacts  would  be  far  more  numerous  than  direct  ones.  The  actual  propor¬ 
tion,  under  the  law  of  gravitation,  is  very  much  greater  still.  Two  heavenly 
bodies  attracting  one  another  describe  conic  sections  with  their  common 
centre  of  gravity  as  one  focus.  They  approach  more  nearly  than  they 
would  do  if  moving  in  straight  lines.  To  revert  to  our  last  illustration, 
many  shots  that  would  have  missed  the  target  had  the  motion  been  straight 
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are  drawn  inwards  and  strike  its  edge.  Under  the  action  of  gravity,  wdiere 
two  bodies  only  are  concerned,  no  impact  can  possibly  be  direct  unless  either 
(i)  the  two  bodies  are  initially  at  rest,  or  (ii)  the  initial  relative  velocity  of 
the  two  is  exactly  in  the  line  joining  their  centres.  In  any  particular  case 
of  impact  it  is  exceedingly  improbable  that  either  of  these  conditions  will 
be  fulfilled,  and,  if  the  latter  is,  no  attraction  is  needed  to  bring  about  the 
collision,  and  its  occurrence  is  merely  hastened  and  not  caused  by  gravi¬ 
tation.  In  this  case  we  must  consider  the  relative  motion  to  be  one  of 
approach,  for  a  motion  of  recession  would  imply  that  the  bodies  had 
previously  passed  through  one  another. 

To  sum  up,  then,  we  may  say  that  practically  every  collision  which  is 
brought  about  by  gravitation  is  of  a  grazing  character,  and  of  those  which 
would  have  occurred  without  its  action,  and  are  therefcre  only  modified  by 
it,  the  vast  majority  are  also  oblique. 

Grazing  collisions,  then,  being  the  prevailing  type,  are  the  most  important 
to  study.  We  have  seen  that  when  two  suns  meet  they  possess,  in  addition 
to  any  heat-energy  that  corresponds  to  their  temperature,  a  vast  store  of 
kinetic  energy  equivalent  to  tens  of  millions  of  calories  per  gramme.  The  por¬ 
tions  of  the  two  suns  that  come  in  one  another’s  way  have  the  greater  part 
of  this  energy  of  motion  changed  suddenly  into  molecular  energy  or  heat. 

But  what  happens  to  the  remaining  portions  of  the  grazing  suns  ?  It 
seems  evident  that  if  the  graze  is  a  slight  one  these  parts  pass  on.  There 
is  nothing  to  stop  them.  The  energy  required  to  raise  the  elements  from 
the  solid  state  at  absolute  zero  to  the  critical  temperature  is  probably 
less  than  a  thousand  calories  per  gramme.  What  is  this  in  comparison 
with  the  tens  of  millions  of  calories  available  ?  Moreover,  the  energy 
required  to  shear  the  bodies  must  be  far  less  even  than  that  required  to 
vaporize  them.  The  expenditure  of  this  infinitesimal  fraction  of  the  avail¬ 
able  kinetic  energy  will  not  therefore  diminish  the  velocity  of  the  bodies 
by  any  appreciable  amount.  If  they  had  not  grazed,  they  would  have  gone 
on  in  their  orbits.  As  it  is,  they  go  on  with  a  slight  change  in  velocity  and 
a  more  decided  change  in  the  eccentricity  of  their  paths.  New  rotations 
are  given  to  them,  and  each  has  a  fiery  wound  gouged  out  of  one 
side.  Brilliant  as  the  light  must  be  that  comes  from  these  blazing  scars, 
it  is  faint  and  obscure  whilst  masked  by  the  intense  radiance  of  the  arrested 
masses,  and  plays  a  very  minor  part  in  the  visible  phenomena  of  novae. 
It  is  not  until  the  dazzling  brilliance  of  their  evanescent  companion  has 
faded  away  that  the  wounded  stars  can  appear  to  a  distant  observer  as  a 
variable  spectroscopic  binary  with  two  maxima  and  two  minima,  a  system 
wdiich  may  perhaps  show  different  spectral  lines  at  the  two  maxima,  and 
which  probably  appears  nebulous  at  each  minimum. 

The  portions  struck  off  from  the  stars  form  suddenly  an  incandescent 
mass  beside  which  the  splendour  of  the  wounded  stars  is  invisible.  This 
evanescent  body  is  the  new  star.  Whilst  its  brilliant  career  lasts  it 
monopolizes  all  attention.  It  is  its  light  which  shows  the  astonishing 
variations.  It  is  its  spectrum  which  is  characteristic  of  all  these  tem¬ 
porary  additions  to  the  stellar  hosts.  It  is  its  dissipation  into  space  that 
causes  the  otherwise  inexplicably  rapid  diminution  of  the  nova’s  light. 

We  must  therefore  give  special  consideration  to  this  third  body.  When 
two  equal  stars  meet,  if  it  were  not  for  tidal  distortion  their  centres  would 
be  two  radii  apart  at  the  beginning  of  the  impact.  Owing  to  the  distortion 
the  distance  will  be  rather  greater  than  this.  But,  however  oblique  the 
impact  may  be,  at  the  moment  when  the  encounter  begins  the  centres  will 
be  at  least  as  near  as  when  the  surfaces  meet  in  direct  collision.  In  the 
case  of  a  graze,  then,  the  velocity  destroyed  is  as  great  as  in  direct  impact. 
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The  third  body  is  therefore  as  hot  as  a  body  formed  by  the  complete  union 
of  two  stars.  Its  subsequent  life-history  is  absolutely  different,  however. 
The  one  is  enduring,  the  other  evanescent.  The  one  is  so  hot  that  it  takes 
millions  of  years  to  cool ;  the  other,  though  really  at  the  same  temperature, 
is  too  hot  to  cool  at  all.  It  cannot  hold  together.  The  molecular  velocity 
is  greater  than  the  critical.  The  partnership  of  the  molecules  is  for  ever 
dissolved.  Each  goes  on  its  independent  course,  carrying  its  energy  far 
-  away  into  the  comparatively  empty  regions  of  space. 

To  the  eye,  aided  even  by  the  greatest  telescope,  stars  appear  as  points. 
We  are  too  apt  to  consider  them  as  points  when  discussing  their  encounters. 
To  avoid  this  error  let  us  picture  two  stars  similar  to  our  Sun  passing  one 
another  with  their  centres  three  and  a  half  times  as  far  apart  as  the  Moon  is 
from  the  Earth.  They  graze  one  another.  The  third  body  formed  by  the 
collision,  though  tiny  compared  to  either  of  the  suns,  is  in  truth  gigantic 
and  constituted  in  a  very  remarkable  way.  The  suns  before  they  meet 
are  moving  in  slightly  curved  parabolic  or  hyperbolic  orbits.  Each  is  rotating 
as  it  flies,  and,  before  striking,  both  are  distorted  by  tidal  action.  At  the 
beginning  of  the  great  encounter  the  light  elements  in  the  atmospheres  of 
the  suns  meet  first.  They  are  forced  in  upon  one  another  bv  the  pressure 
of  the  advancing  bodies,  and  are  soon  partially  enwrapped  by  heavier 
materials  torn  from  deeper  portions  of  the  wounds. 

At  first  the  third  body  is  by  no  means  spherical.  While  the  collision 
is  in  progress  the  least  resistance  to  the  explosive  energy  is  presented  in 
the  regions  farthest  from  the  plane  of  relative  motion.  Some  of  the  arrested 
mass  is  drawn  back  by  the  retreating  suns.  The  rest,  drawn  to  spindle- 
shape,  is  left  to  work  out  its  own  destiny.  It  is  all  intensely  hot.  To 
measure  its  temperature  we  should  need  to  take  as  our  unit  at  least  a 
million  degrees  centigrade.  Its  volume  is  for  the  moment  small.  The 
pressure  corresponds  to  the  temperature.  The  result  is  the  greatest  explosion 
known  in  the  whole  realm  of  nature.  The  turbulent  agitation  of  the  mole¬ 
cules  represents  an  energy  of  tens  of  millions  of  calories  per  gramme.  The 
pressure  is  intense.  The  molecules  are  trying  to  move  in  every  direction, 
and  each  is  incessantly  in  violent  collision  with  its  neighbours.  It  is  clear 
that  to  a  distant  observer  the  spectrum  of  this  body  will  be  continuous. 

The  retreating  stars,  with  their  relative  velocity  of  some  400  miles  per 
second,  will  be  well  apart  before  the  jumble  of  vibrations  in  the  arrested 
mass  can  settle  down  into  general  outward  rush.  The  growth  of  the  third 
body  will  be  comparatively  slow  at  first,  but  will  be  continually  accelerated 
as  long  as  the  radial  pressure  lasts.  In  a  day  or  two  the  outer  gases  will 
overtake  the  retreating  suns,  but  having  now  a  velocity  of  1,000  miles  or 
more  per  second  a  very  small  portion  of  their  mass  will  be  captured. 

One  most  important  fact  in  this  connection  is  that,  directly  after  the 
collision,  the  different  elements  of  which  the  third  body  is  composed  have 
widely  different  temperatures.  This  follows  from  the  fact  that  all  the 
substances  have  the  same  molar  velocity  transformed,  and  therefore  have 
the  same  molecular  velocity  produced.  The  heavy  elements  will  thus  have 
much  higher  temperatures  than  the  light  ones.  Oxygen  will  be  four  times 
and  lead  fifteen  times  as  hot  as  hydrogen.  In  the  intense  struggle  that 
follows,  the  light  elements  gain  energy  from  the  heavy  ones,  and,  as  their 
velocities  increase,  tend  to  find  their  way  through  the  seething  mass  towards 
the  outside.  Selective  molecular  escape  begins.  The  expanding  nucleus 
is  surrounded  by  shells  of  outrushing  gas,  whose  motion  it  accelerates  by 
its  tremendous  pressure.  The  distant  observer  finds  every  stage  of  the 
brief  but  stirring  life-history  of  the  nova  recorded  in  the  complexities  of 
its  characteristic  spectrum.  C  G- 
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DEPARTMENTAL  REPORTS. 

The  Splitting  of  the  Mangatini-Matipo  Coal-seam,  Buller- 

Mokihinui  Coalfield. 

By  P.  G.  Morgan,  New  Zealand  Geological  Survey. 

In  1915  J.  A.  Bartrum  and  myself*  described  a  remarkable  split  in  the 
main  seam  of  coal  found  in  the  central  part  of  the  Westport  or  Buller- 
Mokihinui  Coalfield.  Since  an  explanation  of  this  split  can  be  given  which 
has  a  bearing  on  the  more  or  less  disputed  question  of  the  mode  of  forma¬ 
tion  of  coal  it  seems  advisable  to  discuss  it  in  a  fuller  manner  than  was 
done  in  Geological  Survey  Bulletin  No.  17. 

General  Description  of  District. 

The  Westport  coal-mines  are  situated  on  a  bare  and  desolate,  undu¬ 
lating  upland,  which  extends  northward  from  Mount  Rochfort  (3,382  ft.) 
almost  to  the  Mokihinui  Valley.  This  upland  is  the  northern  part  of  an 
uplifted,  strongly  distorted  block,  bounded  east  and  west  by  great  faults. 
The  block  as  a  whole  is  irregularly  tilted  to  the  east,  and  north  of  Mount 
Augustus  (3,311  ft.)  has  a  northerly  pitch,  so  that  it  greatly  lessens  in  height 
towards  the  Mokihinui  River.  Besides  the  two  great  faults  already  men¬ 
tioned  many  other  faults,  most  of  which  trend  to  the  north-north-east,  are 
indicated  on  the  geological  maps  of  the  district  published  with  Bulletin 
No.  17. 

The  basal  rocks  of  the  Buller-Mokihinui  Coalfield  are  ancient  greywackes 
and  argillites,  much  intruded  by  gneiss,  granite,  and  quartz-porphyry.  On 
them  rests  a  much-denuded,  comparatively  thin  shell  of  partly  eroded 
Eocene  coal-measures,  consisting  of  a  basal  conglomerate  (absent  in  many 
places),  followed  by  grits,  sandstones,  and  shales  containing  one  or  more 
coal-seams.  The  principal  localities  where  coal  has  been  mined  are  (1)  east 
of  Denniston,  (2)  south-east  of  Millerton,  and  (3)  south  of  Seddonville. 
The  split  to  be  described  occurs  in  the  Millerton  district,  which  is  shown 
on  the  sketch-map  facing  this  page.  The  area  in  this  district  occupied 
by  coal-measures  varies  in  height  from  3,300  ft.  or  more  to  1,100  ft.  or 
less.  The  dip  of  the  strata,  owing  to  the  structure  outlined  above,  is 
in  general  to  the  north-east  at  angles  varying  from  10°  to  20°.  In 
the  watersheds  of  Granity  and  Mine  Creeks  are  numerous  outcrops  of 
a  large  coal-seam,  to  which  the  name  Mangatini  has  been  applied.  The 
maximum  thickness  of  this  seam  is  believed  to  be  over  50  ft.,  but 
south-east  of  Mangatini  Township  it  thins  to  6  ft.,  then  to  5  ft.,  to 
4  ft.,  and  finally  to  less  than  3  ft.  Much  coal,  moreover,  has  been  re¬ 
moved  by  erosion.  Near  a  small  stream  known  as  T  31  Creek  the 
Mangatini  seam  junctions  with  a  thick  underlying  seam,  the  Matipo. 
In  a  small  hill  not  far  away  (represented  on  the  map  by  an  oval 
outcrop)  the  Matipo  seam  (or,  rather,  the  combined  Mangatini-Matipo 
seam)  is  not  less  (than  25  ft.  thick.  Westward  from  the  point  of  junction 
the  Matipo  seam  gradually  thins,  until  at  last  it  disappears,  as  shown  in 
section  below  the  map. 


*  P.  G.  Morgan  and  J.  A.  Bartrum,  The  Geology  and  Mineral  Resources  of  the 
Buller-Mokihinui  Subdivision,  N.Z.  Geol.  Surv.  Bull.  No.  17,  1915  (see  pp.  142,  157 
et  seq. ). 
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Detailed  Description  of  the  Split. 

On  the  steep  sides  of  the  small  gullies  west  of  the  little  hill  mentioned 
above  continuous  outcrops  of  coal  may  be  seen  for  several  chains.  A  shale 
parting  appears  in  these  at  2J  ft.  to  3  ft.  below  the  roof  of  the  seam,  and 
as  it  is  traced  westward  greatly  increases  in  thickness.  The  shale,  more¬ 
over,  in  part  or  whole,  passes  into  sandstone,  which  in  its  turn  passes  into 
current-bedded  grit.  The  following  sections  are  typical  : — - 

(1.)  2J  ft.  coal  (upper  seam),  1  ft.  sandstone,  12  ft.  coal  (floor  not  seen). 

(2.)  Nearly  3  ft.  coal,  5  ft.  shale  and  sandstone,  7  ft.  coal  (floor  not  seen). 

(3.)  3  ft.  coal,  6  in.  shale,  6  ft.  shaly  sandstone,  3  ft.  sandstone  which 
westward  becomes  thicker  and  coarser,  6  ft.  coal  (floor  not  seen). 

(4.)  3  ft.  coal,  6  ft.  shale  and  shaly  sandstone,  40  ft.  grit  and  sandstone, 
outcrop  of  lower  seam  obscured. 

A  few  years  ago  the  Westport-Stockton  Goal  Company  drilled  numerous 
bores  to  the  westward  of  the  outcrops  just  described  in  search  of  the  lower, 
or  Matipo,  seam.  Some  of  the  results  obtained  were  as  follow  : — 

Bore  No.  7  or  6e  :  101  ft.  grit,  sandstone,  &c.,  18  ft.  coal. 

Bore  No.  7e  :  104  ft.  grit,  &c.,  10J  ft.  coal. 

Bore  No.  4e  :  117  ft.  grit,  &c.,  5  ft.  coal. 

Bore  No.  1  :  137  ft.  grit,  &c.,  7-J  ft.  coal. 

Not  far  from  each  of  the  bores  mentioned  the  upper,  or  Mangatini,  seam 
outcrops,  so  that  it  is  possible  to  estimate  with  a  fair  degree  of  accuracy 
the  total  thickness  of  the  beds  separating  the  Mangatini  and  Matipo  seams, 
and  to  construct  the  partly  ideal  section  mentioned  above. 

Explanation  of  Split. 

Two  general  explanations  of  splits  in  coal-seams  have  been  advanced, 
both  of  which  seem  plausible,  and  both  of  which  may  be  correct  in  special 
cases.  Since,  however,  the  splitting  of  coal-seams  is  part  of  the  wider 
problem  of  their  origin,  the  adoption  of  one  explanation  or  the  other  is  by 
no  means  a  matter  of  indifference.  In  his  little  book  The  Natural  History  of 
Coal  Newell  Arber  discusses  at  considerable  length  the  mode  of  formation  of 
coal-seams.  He  considers  that  the  “  growth -in- situ,”  or  autochthonous, 
theory  is  much  more  generally  applicable  than  the  “  drift,”  or  allochthonous, 
theory,  and  accordingly  combats  the  view  urged  by  the  drift  theorists  that 
the  splitting  of  coal-seams  is  difficult  to  account  for  on  the  growth-in-place 
hypothesis.  After  mentioning  instances  of  splits  he  goes  on  to  say, — 

“  The  splitting  of  coal-seams  is  probably  more  frequent  than  is  generally 
imagined,  for  it  is  only  where  the  main  coals  of  the  district  are  affected 
that  the  fact  becomes  of  economic  importance.  No  doubt  the  explanation 
is  to  be  sought  for  in  the  oscillations  of  the  earth’s  surface  in  Carboniferous 
times,  when,  as  we  have  seen,  there  were  alternate  periods  of  elevation  and 
depression.  In  South  Staffordshire  and  Warwickshire,  instead  of  an  even 
depression,  the  ground  appears  to  have  undergone  a  local  tilt,  the  southern 
area  being  somewhat  raised  and  the  northern  depressed.  Thus  wedge-like 
encroachments  of  marine  sediments  overwhelmed  the  accumulating  vegetal 
material  unevenly  to  the  north,  while  the  raised  southern  portion  of  the 
seam  escaped.  A  series  of  such  depressions  and  elevations  following  one 
another,  of  a  like  nature  and  constant  axis,  would  appear  to  explain  the 
facts  presented  by  the  splitting  of  coal-seams,  and  if  this  is  the  case  the 
matter  has  no  particular  bearing  on  the  truth  of  either  theory.* 


*  E.  A.  Newell  Arber,  The  Natural  History  of  Coal .  pp.  112-13,  1911.  The  theory 
that  splits  in  coal-seams  are  caused  by  differential  movements  is  an  old  one.  It  was, 
for  instance,  advocated  by  Adolph  Eirket  in  1894,  and  probably  also  by  F.  C.  Grand  ’Eury 
at  a  still  earlier  date. 
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As  was  pointed  out  in  Geological  Survey  Bulletin  No.  17  (page  142), 
Arber’s  explanation  is  not  applicable  to  the  Mangatini-Matipo  split.  The 
angle  of  divergence  is  too  great  to  be  explained  by  such  earth-movements 
as  he  postulates,  and,  moreover,  no  evidence  of  contemporaneous  tilting 
of  the  strata  to  the  north  or  south  can  be  observed.  There  is,  however, 
another  explanation  of  the  divergence  of  splits  which  has  its  basis  in  the 
diminution  of  bulk  that  takes  place  in  vegetal  matter  during  its  passage 
into  coal.  This  has  been  estimated  as  varying  from  nine-tenths  to  nineteen- 
twentieths  the  original  volume  of  the  vegetal  matter.  Obviously  the  ratio 
is  not  fixed,  but  varies  according  to  the  character  of  the  material  compressed 
and  the  chemical  changes  that  take  place  in  it  during  its  alteration  into 
coaly  substance.  In  the  case  of  mud  consolidating  to  a  shale  the  diminution 
of  bulk,  chiefly  owing  to  the  expulsion  of  water,  is  considerable,  but  in  the 
case  of  sand  or  grit  the  change  of  volume  is  small.  Hence  a  10  ft.  coal- 
seam,  representing  from  100  ft.  to  200  ft.  of  vegetal  matter,  can  elsewhere 
be  represented  by  100  ft.  or  more  of  a  rock  such  as  sandstone,  and  conse¬ 
quently  there  is  no  difficulty  in  explaining  the  divergence  of  the  two  parts 
of  the  Mangatini-Matipo  seam  as  due  to  the  deposition  of  mud,  sand,  and 
grit  in  place  of  vegetal  matter.  It  will  be  observed  that,  as  the  space 
between  the  split  increases,  the  amount  of  coal  present  in  the  section 
decreases,  and,  although  the  rate  of  variation  is  not  uniform,  this  cannot 
be  held  to  invalidate  the  explanation,  for,  as  is- well  known,  New  Zealand 
coal-seams  vary  in  thickness  to  a  remarkable  degree. 

On  the  assumption  that  the  normal  thickness  of  the  Mangatini-Matipo 
seam  in  the  area  near  T  31  Creek  is  25  ft.,  it  represents  from  250  ft.  to 
500  ft.  of  vegetal  matter.  It  is  therefore  possible  for  its  splits  to  diverge 
by  at  least  250  ft.  without  there  being  any  necessity  to  invoke  earth- 
movements  as  the  cause  of  splitting.  The  actual  divergences  of  the  two 
splits,  together  with  other  data,  are  shown  in  the  following  table.  The 
normal  total  thickness  of  coal  in  the  section  is  assumed  to  be  25  ft.,  and  the 
average  dip  of  the  strata  to  be  18°.  Hence  all  thicknesses  found  by  boring 
are  diminished  by  multiplying  them  by  0-951  (natural  cosine  of  18°). 


(1) 

No.  of  Bore. 

(2) 

Apparent  Diminution 
of  Thickness  of  Coal 
in  Feet. 

(3) 

Thickness  of  Wedge 
of  Rock  in  Feet. 

(4) 

Ratio  of  (2)  to  (3). 

6e  (or  7) 

4-9 

99-9 

1  to  20-4 

7e  .  . 

12-3 

104-6 

1  to  8-5 

4e  . . 

15-3 

111-3 

1  to  7-3 

1  .. 

12-9 

133-1 

1  to  10-3 

Average 

11-35 

111-2 

1  to  10  (nearly). 

From  the  above  table  it  will  be  seen  that  at  bore  6e  the  ratio*  of  the 
apparent  coal-diminution  to  the  thickness  of  strata  in  the  rock-wedge  is 
much  greater  than  would  be  expected,  but  this  can  be  accounted  for  as  due 
to  a  local  thickening  of  the  lower  split.  On  the  other  hand,  at  bores  7e,  4e, 
and  1,  the  ratio  shows  an  approach  to  what  might  be  expected  if  allowance 
for  some  shrinkage  in  the  lower  layers  of  the  vegetal  deposit  prior  to 
burial  is  made.  The  data  need  not  be  further  discussed,  for  it  is  clear  that 
the  Mangatini-Matipo  split  can  be  satisfactorily  explained  as  caused  by  an 


*  This  ratio,  expressed  as  a  number,  may  be  called  the  “  change-of-volume  factor.” 
See  the  subsequent  article  entitled  “  The  Application  of  a  Change-of-volume  Factor  to 
the  Correlation  of  Coal-seams  and  Coal-bearing  Strata.” 
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influx  of  sediment  taking  the  place  of  vegetal  matter  which  normally  would 
have  accumulated  on  the  spot  so  as  ultimately  to  form  a  thick  coal-seam. 
It  is  also  evident  that  the  “  growth-m-sf^  ”  or  autochthonous  theory, 
though  applicable,  does  not  explain  the  formation  of  the  Mangatini-Matipo 
coal-seam  as  satisfactorily  as  the  “  drift  ”  theory.  Moreover,  the  explana¬ 
tion  of  splits  and  of  stone  lenses  in  coal-seams  based  on  the  shrinkage  of 
vegetal  matter  during  its  conversion  into  coal  appears  to  be  much  more 
likely  to  fit  the  majority  of  cases  than  the  earth-movement  theory  supported 
by  Arber.  Again,  as  a  rule,  there  is  no  need  to  suppose  that  the  coal 
substance  has  been  partly  removed  by  erosion  before  the  deposition  of  the 
stone  lens  or  wedge.  Many  so-called  “  washouts  ”  may  also  be  reasonably 
explained  without  recourse  to  an  erosion  hypothesis.* 

In  conclusion,  one  may  repeat  the  statement  that  the  occurrence  of 
splits  in  coal-seams  is  more  consistent  with  the  allochthonous,  or  “drift,” 
theory  of  coal-formation  than  the  opposing  “  growth -in-smi  ”  theory, 
especially  those  forms  of  it  which  assume  the  existence  of  terrestrial 
conditions  similar  to  those  of  a  peat  bog.  So  far  as  New  Zealand  is 
concerned  the  drift  theory  is  clearly  applicable  to  the  majority  of  the  coal- 
seams,  none  of  which  extend  over  areas  comparable  with  those  of  the  world’s 
more  important  coalfields.  This  statement  is  not  intended  to  exclude 
vegetation  grown  in  situ  from  our  coal-seams,  but  to  emphasize  the  probable 
predominance  of  transported  material.  While  it  may  be  true  that  in  the 
majority  of  foreign  coalfields  the  reverse  is  the  case,  most  modern  writers 
seem  to  agree  that  in  many  cases  the  transportation  of  vegetal  matter  is  not 
a  negligible  factor  in  the  formation  of  coal.f  From  an  academical  point  of 
view  it  is  all  very  well  to  say  that  the  drift  and  in-situ  theories  are 
“  reconciled  in  the  more  advanced  minds,  but  in  practice  it  is  necessary 
to  determine  as  exactly  as  possible  how  a  given  coal-seam  has  been  formed, 
a  task  which  in  the  present  state  of  our  knowledge  is  difficult,  and  likely 
more  often  than  not  to  lead  to  sharp  divergences  of  opinion.  Hence  in  the 
study  of  a  coalfield  the  accumulation  of  data  relevant  to  the  mode  of 
formation  of  the  coal  in  that  particular  area  is  all-important.  The  chief 
use  of  existing  theories  is  to  help  the  geologist  and  the  miner  to  note 
essential  facts  which  might  otherwise  be  overlooked. 


The  Application  of  a  Change  -  of  -  volume  Factor  to  the 
Correlation  of  Coal-seams  and  Coal-bearing  Strata. 

By  P.  Gr.  Morgan,  New  Zealand  Geological  Survey. 

It  is  a  matter  of  common  knowledge  that  the  various  coal-seams  in  a  coal- 
measure  series  are  not,  as  a  rule,  strictly  parallel  to  one  another.  In  this 
paper  it  is  suggested  that  one  of  the  main  causes  of  variation  in  the  thickness 


*  On  8th  January,  1919,  Professor  P.  F.  Kendall  read  a  paper  before  the  Geological 
Society  of  London,  entitled  “  On  Washouts  in  Coal-seams  and  the  Effects  of  Contemporary 
Earthquakes.”  So  far  as  can  be  gathered  from  a  report  of  this  paper  in  the  Colliery 
Guardian  of  24th  January,  1919,  Professor  Kendall’s  views  differ  considerably  from 
those  advanced  above. 

[Note.- — Since  this  paper  and  the  one  that  follows  were  forwarded  to  the  Editor  of 
this  Journal  I  have  seen  a  review  of  another  paper  by  Professor  Kendall,  “  On  the 
Splitting  of  Coal-seams  by  Partings  of  Dirt.  Part  I  :  Splits  that  Rejoin,”  published  in 
Trans.  Inst.  Min.  Eng.,  vol.  54,  p.  460,  1918  (title,  &c.,  quoted  from  the  Geological 
Magazine,  dec.  vi,  vol.  v,  No.  10,  Oct.  1918,  p.  477). — P.  G.  M.  3/12/19.] 

-j-  This  statement  is  illustrated  by  the  somewhat  complicated  classification  of  the 
leading  modes  of  accumulation  of  coal-forming  vegetable  matter  given  by  Marie  C. 
Stopes  and  R.  V.  Wheeler  in  their  Monograph  on  the  Constitution  of  Coal,  p.  2,  1918. 

+  M.  C.  Stopes  and  R.  V.  Wheeler,  loc.  cit.,  p.  1. 
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of  the  intervening  stone  strata  is  to  be  found  in  the  shrinkage  of  vegetal 
matter  during  its  conversion  into  coal-seams  of  varying  thickness.  The 
hypothesis  is,  of  course,  not  new,  but  hitherto  does  not  seem  to  have  received 
full  recognition  in  the  literature  of  coal,*  and  is  probably  seldom  considered 
by  those  who  have  charge  of  coal-mines.  In  New  Zealand,  where  the 
variability  of  coal-seams  is  far  greater  than  in  most  European  or  American 
coalfields,  opportunities  for  testing  the  correctness — or,  rather,  the  utility — 
of  the  hypothesis  are  abundant.  I  therefore  wish  to  bring  it  under  the 
notice  of  those  concerned  in  the  development  of  our  coalfields,  and  at  the 
same  time  to  show  that  it  has  a  practical  application  in  connection  with  the 
correlation  of  coal-seams,  &c. 

The  shrinkage  of  bulk  in  vegetal  matter  during  its  transformation  into 
coal  has  been  estimated  as  from  90  to  95  per  cent. — that  is,  from  10  ft.  to 
20  ft.  of  vegetation  is  required  to  form  1  ft.  of  coal.  It  is  clear  that  if  in  one 
part  of  an  area  of  sedimentation — say,  on  the  margin  of  a  lake — vegetation 
is  accumulating,  whilst  contemporaneously  in  another  part  ordinary  sediment 
is  accumulating,  approximately  equal  thicknesses  of  vegetal  matter  and  of 
sediment  may  be  formed.  When,  however,  the  vegetal  matter  has  been 
transformed  into  coal,  and  the  sediment  into  hard  rock,  the  thicknesses 
will  be  very  different.  Though  mud,  as  is  a  matter  of  common  observation, 
shrinks  considerably  during  consolidation,  the  change  of  volume  is  small 
compared  with  the  change  undergone  by  vegetal  matter.  Sand  and  similar 
material  during  consolidation  undergo  very  little  reduction  of  volume. 
Hence,  in  comparing  one  section  of  a  coal-bearing  series  with  another 
(contemporaneous)  section,  allowance  should  be  made  for  the  shrinkage  of 
volume  in  the  coal-forming  material  during  its  consolidation.  The  following 
rule  may  be  enunciated  :  The  more  coal  there  is  in  a  given  section  the  less  is 
its  probable  thickness  as  compared  with  a  corresponding  contemporaneous 
section  containing  little  or  no  coal ,  and  vice  versa. 

Since  in  the  case  of  a  thick  layer  of  vegetal  matter  the  lower  portion 
will  be  more  compact  than  the  upper,  the  number  indicating  the  ratio  of 
the  volume  of  vegetal  matter  at  the  moment  of  burial  to  the  volume  of  the 
coal  produced  will  be  variable.  It  will,  of  course,  be  larger  for  a  thin  layer 
of  coal  than  for  a  thick  seam.  It  will  vary  according  to  the  nature  of  the 
vegetation,  which  may  be  wood,  leaves,  spores,  grasses,  reeds,  or  algae,  or 
any  conceivable  mixture  of  all  or  any  of  these.  It  will  vary  also  according 
to  the  amount  of  chemical  change  undergone  by  the  vegetal  matter  during 
its  transformation  to  coal.  Moreover,  the  mode  of  accumulation,  whether 
in  situ  or  by  transportation,  will  cause  further  variation. 

Ashleyf  has  estimated  that  3J  ft.  of  well-compressed  peat  will  make 
1  ft.  of  bituminous  coal  such  as  that  of  the  Appalachian  field.  Wishing 
to  be  conservative,  he  assumes  that  the  factor  3  will  represent  the  number 
of  feet  of  well-compacted,  deeply  buried,  old  peat  necessary  to  produce 
1  ft.  of  bituminous  coal  of  the  general  character  of  the  Pittsburg  coal  of 
Penusylvania.  This  number  3  is  the  reciprocal  of  what  may  be  called 
the  shrinkage  factor,  in  this  case  For  the  sake  of  convenience  I  propose 


*  See  P.  F.  Kendall’s  paper  “  On  the  Splitting  of  Coal-seams  by  Partings  of  Dirt. 
Part  I:  Splits  that  Rejoin,”  Trans.  Inst.  Min.  Eng.,  vol.  54,  p.  460,  1918.  This 
has  not  been  seen  by  me,  but  according  to  a  review  in  the  Geological  Magazine, 
October,  1918,  Professor  Kendall  gives  prominence  to  the  hypothesis  mentioned  above. 
See  also  the  Colliery  Guardian  of  24th  January,  1919,  p.  189. 

t  Gr.  H.  Ashley,  The  Maximum  Rate  of  Deposition  of  Coal,  Economic  Geology , 
vol.  2,  pp.  34-37,  1907  (see  p.  41). 
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to  use  the  term  “  change-of-volume  factor  ”  as  equivalent  to  the  term 
“  reciprocal  of  the  shrinkage  factor.”  The  change-of-volume  factor,  there¬ 
fore,  is  the  average  number  of  feet  of  vegetation  required  to  form  1  ft.  of 
coal.  Ashley’s  value  of  3  is  admittedly  a  minimum  estimate,  and  is  much 
too  low  to  be  correctly  applied  to  the  whole  of  a  bed  of  peat  or  other 
vegetal  matter.  Even  if  his  assumptions  are  accepted,  the  change-of- 
volume  factor  may  be  estimated  as  nearer  5  than  3.  He  assumed,  more¬ 
over,  a  much  smaller  loss  of  vegetal  matter  through  chemical  changes  in  the 
formation  of  bituminous  coal  than  most  other  writers.  It  therefore  seems 
reasonable,  on  theoretical  grounds,  to  suppose  that  the  change-of-volume 
factor  in  most  cases  is  not  less  than  6  or  7. 

Ashley  attempted  to  calculate  the  change-of-volume  factor  from  field 
data,  and  obtained  the  following  results  :  (A)  between  4  and  7  ;  (B)  4  ; 
(C)  8§ .  He  also  quotes  from  W.  T.  G-riswold  a  case  in  which  1  ft.  of  coal 
seems  to  have  been  formed  from  20  ft.  of  vegetal  matter.*  In  the  case 
of  the  Mangatini-Matipo  split,  Westport  district,  I  have  found  the  following 
values  for  the  change-of-volume  factor  :  20-4,  8-5,  7*3,  10-3,  and  over  8. 
The  next  paragraph  shows  how  a  value  of  7-4  can  be  deduced  from  data 
obtained  in  the  Gfreymouth  district. 

As  an  example  of  the  correlation  of  coal-seams  with  the  aid  of  a  change- 
of-volume  factor  the  logs  of  two  bores  quoted  on  page  128  of  N.Z. 
Geological  Survey  Bulletin  No.  13,  1911,  may  be  taken.  From  these  it 
appears  that  in  bore  No.  1,  from  the  floor  of  seam  1a  to  the  floor  of  the 
main  or  No.  1  seam,  there  is  a  thickness  of  118  ft.  3  in.  of  strata,  containing 
11  ft.  10  in.  of  coal,  whilst  at  No.  4  bore,  about  three-quarters  of  a  mile 
to  the  south,  the  thickness  of  the  strata  from  the  floor  of  a  small  seam,  pro¬ 
bably  1a,  to  the  floor  of  No.  1  seam  is  154  ft.  8  in.,  including  6  ft.  2  in.  of 
coal.  The  difference  in  the  thickness  of  the  stone  strata  is  42  ft.  1  in.,  and 
this  divided  by  the  difference  in  the  thickness  of  the  coal-beds — namely, 
5  ft.  8  in. — gives  a  factor  of  7*4,  which  corresponds  well  with  most  of  the 
determinations  previously  quoted.  This  result  makes  it  tolerably  certain 
that  the  thin  seam  found  in  No.  4  bore  and  tentatively  correlated  with 
the  1a  seam  is  really  that  seam.  This  correlation  then  helps  to  make  it 
clear  that  the  base  of  the  Island  sandstone  has  been  correctly  determined 
in  each  bore.  It  is  true,  however,  that  when  the  method  is  applied  to 
the  correlation  of  the  No.  2  seam  in  each  bore  the  result  is  not  consistent 
with  the  assumption  tacitly  made  that  the  floors  of  all  the  seams  were 
originally  horizontal,  and  would  be  parallel  if  there  were  no  shrinkage  of 
vegetal  matter.  The  discrepancy  is  not  serious,  and  can  easily  enough 
be  explained  away.  Another  assumption  made  is  that  the  shrinkage  of 
the  material  forming  the  shale  and  other  stony  beds  is  much  the  same  at 
both  bores,  so  that  no  material  error  is  introduced  by  neglecting  it. 

Although  the  method  of  correlation  outlined  is  far  from  being  certain 
in  application,  it  is  believed  that  it  will  be  useful  in  many  cases,  especially 
where  the  logs  of  bores  drilled  at  no  great  distance  from  one  another  have 
to  be  compared.  The  change-of-volume  factor  of  most  general  application 
is  probably  about  7  or  8.  A  somewhat  lower  factor  may  be  assumed  for 
brown  coal  and  lignite,  which  presumably  have  not  lost  so  much  material  by 
chemical  change  as  bituminous  coal,  and  in  general  have  a  slightly  lower 
specific  gravity.  As  already  indicated,  thick  coal-seams  call  for  a  smaller 
factor  than  thin  seams. 


*  G.  H.  Ashley,  loc.  cit.,  p.  45. 
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Mokau  Subdivision. 

By  J.  Henderson,  New  Zealand  Geological  Survey. 

The  survey  of  the  Mokau  Subdivision  was  continued  from  last  season,  and 
field-work  was  carried  on  from  the  1st  January  to  the  10th  May.  The 
examination  of  the  survey  districts  of  Awakino,  Awakino  North,  Awakino 
East,  Tainui,  and  Mokau  was  completed,  and  these  areas,  together  with 
a  small  portion  of  Totoro  Survey  District,  make  the  Mokau  Subdivision. 

Rocks  of  Mesozoic  age,  ranging  from  the  Trias  to  Upper  Cretaceous, 
cover  a  considerable  area.  They  form  the  Herangi  Range,  and  in  the 
north-eastern  part  of  the  subdivision,  along  the  valleys  of  the  larger  streams, 
appear  from  beneath  the '  thin  layer  of  Tertiary  rocks.  In  the  Herangi 
Range  the  rocks  in  general  dip  eastward,  but  in  the  eastern  part  of  the 
subdivision  the  dip  is  westward.  Thus  the  general  arrangement  of  the 
beds  is  synclinal. 

Tertiary  strata  overlie  the  Mesozoic  rocks  with  great  unconformity. 
A  limestone,  undoubtedly  the  same  as  the  Te  Kuiti  limestone,  covers  a 
large  area  in  the  north-eastern  portion  of  the  subdivision,  and  extends 
for  some  miles  southward  along  the  valley  of  the  Awakino  River.  For  the 
most  part  it  is  separated  from  the  Mesozoic  rocks  by  a  varying  thick¬ 
ness  of  conglomerate,  grit,  and  sandstone,  but  in  some  localities  beds  of 
carbonaceous  shale  with  thin  coal-seams  occur. 

Overlying  the  limestone  are  layers  of  claystone  which  attain  a  thickness 
of-  500  ft.  or  600  ft.  These  beds  occur  in  the  eastern  portion  of  the  sub¬ 
division,  and  appear  along  the  Awakino  Valley  resting  on  the  limestone 
above  described.  In  this  latter  locality  are  two  thin  bands  of  limestone, 
one  at  the  top  of  the  claystone,  the  other  intercalated  400  ft.  lower. 

Conformably  on  the  claystone  and  on  the  upper  limestone  band  where 
this  is  present  rest  massive  layers  of  sandstone  which  constitute  the  coal- 
measures  of  the  Mokau  River.  These  cover  or  underlie  without  much 
cover  a  large  area  in  the  central  and  south-eastern  portion  of  the  sub¬ 
division.  Through  them  the  Mokau  has  cut  a  picturesque  gorge.  Numerous 
bands  of  carbonaceous  shale  and  several  coal-seams  occur.  These  are  over- 
lain  conformably  by  well-bedded  blue-  and  green-coloured  sandstones  which 
contain  argillaceous  and  calcareous  material.  These  attain  a  maximum 
thickness  of  about  1,000  ft. 

Elevation  of  the  sea-bottom  now  took  place,  followed,  after  no  great 
interval  of  erosion,  by  depression.  At  the  same  time  andesitic  ash  and 
lapilli  were  ejected  from  a  neighbouring  volcanic  vent  or  series  of  vents, 
and  beds  of  andesitic  tuff  were  laid  down.  In  many  localities  the  basal 
layer  of  this  series  is  a  calcareous  conglomerate,  and  this  passes  in  places 
into  limestone  containing  but  a  small  amount  of  volcanic  material  (Mokau, 
Mohakatino,  and  Tima  Point  limestones).  Only  the  lower  part  of  this 
seiies  is  richly  tufaceous,  its  upper  portion  consisting  of  sandstones  and 
claystones  with  their  various  gradations.  Further,  the  coarsest  and  thickest 
tuff  is  to  be  found  near  the  coast,  and  near  the  south-eastern  corner  of  the 
subdivision  hornblende  and  feldspar  crystals  and  fragments  scattered  rather 
sparsely  through  argillaceous  sandstone  indicate  the  activity  of  distant 
volcanoes.  The  beds  of  this  series  are  well  exposed  along  the  coast,  and 
also  cover  a  considerable  area  in  the  southern  portion  of  the  subdivision. 

That  an  erosion  interval  separates  the  beds  last  described  from  those 
overlying  is  proved  by  the  general  irregularity  of  the  surface  between  them 
and  by  the  existence  of  faults  that  have  affected  the  lower  series  but  not 
the  upper.  The  rocks  of  the  latter  consist,  near  their  base,  of  massive  sand¬ 
stone  layers.  A  sprinkling  of  hornblende  and  feldspar  fragments  shows 
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that  the  near-by  volcanoes  were  not  yet  extinct.  The  rocks  of  this,  series 
cover  a  small  area  in  the  south-western  corner  of  the  subdivision,  but 
they  extend  far  to  the  southward  and  form  the  argillaceous  sandstones  of 
Whitecliffs,  Mount  Messenger,  and  the  Mimi  Valley. 

Near  the  sea  the  older  Pleistocene  deposits  consist  of  beach  and 
estuarine  beds  of  small  extent.  Inland  fine  subaerial  pumiceous  deposits 
cover  large  areas  up  to  a  thickness  of  12  ft.,  and  a  large  proportion  of  the 
soil  covering  in  the  north-eastern  portion  of  the  subdivision  is  derived  from 
this  rhyolitic  material.  Of  younger  Pleistocene  age  are  the  beach  and  dune 
deposits  on  the  prominent  marine  terrace  of  the  coast.  These  contain  a 
notable  amount  of  iron-ore,  and  from  them  have  been  derived  the  black- 
sand  beaches  and  dunes  of  Recent  age  that  fringe  the  shore. 

As  already  pointed  out,  two  series  of  coal-bearing  rocks  outcrop  within 
the  subdivision.  The  older,  underlying  the  Te  Kuiti  limestone,  contains 
coal-seams  at  a  few  points  only,  and  these  are  thin  and  probably  of  small 
areal  extent.  The  coal  in  the  younger  series  of  beds  is  much  more  valuable, 
and  was  worked  to  a  small  extent  for  many  years.  Access  to  the  mine 
was  by  the  Mokau  River,  the  channel  of  which  was  blocked  by  timber 
and  debris  during  a  flood  a  few  years  ago.  Other  materials  of  economic 
interest  occurring  in  the  subdivision  are  the  limestones  of  the  Mokau  and 
Mohakatino  Rivers  and  the  ironsand  of  the  coast. 


The  Taranaki  Coalfield. 

By  J.  Henderson,  New  Zealand  Geological  Survey. 

What  may  conveniently  be  termed  the  Taranaki  Coalfield  covers  a  consider¬ 
able  area  in  northern  Taranaki  and  the  adjacent  south-western  corner  of 
the  Auckland  Land  District.  The  principal  rivers  draining  this  area  are 
the  Mokau,  flowing  to  the  Tasman  Sea,  and  the  Ohura  and  Tangarakau, 
large  branches  of  the  Wanganui.  In  this  preliminary  report  the  coal- 
outcrops  will  be  described  as  they  occur  within  or  close  to  the  basins  of  these 
streams. 

Mokau  River  Section. 

Mangaoruha. — The  Mangaoruha,  a  small  branch  entering  the  Awakino 
from  the  south-east  about  thirteen  miles  from  the  sea,  cuts  deeply  into  the 
western  edge  of  the  coal-measures.  The  rocks  here  dip  gently  to  the  south¬ 
eastward,  and  do  not  contain  much  coal.  An  outcrop  60  chains  from  the 
mouth  of  the  Mangaoruha  was  the  only  one  observed.  The  seam,  which  is 
contained  between  beds  of  massive  sandstone,  is  about  3J  ft.  thick. 

M angaawakino . — The  Mangaawakino  is  a  fair-sized  stream  joining  the 
Mokau  from  the  north  about  thirteen  miles  from  its  mouth.  About  two 
miles  and  a  half  from  the  Mokau  it  is  joined  by  the  Kaipaku,.  in  which 
stream,  one  mile  and  a  half  from  the  junction,  a  seam  6  ft.  to  8  ft.  thick 
is  well  exposed.  The  strike  is  nearly  east  and  west,  and  the  dip  southward 
at  an  angle  of  3°  or  4°.  The  floor  is  massive  sandstone,  and  the  roof  carbon¬ 
aceous  shale  a  few  inches  thick,  succeeded  by  massive  sandstone.  Two 
seams,  each  about  1  ft.  thick  and  separated  by  10  in.  of  shale,  occur  in  this 
locality  at  an  horizon  40  ft.  higher. 

In  the  Mangaawakino  two  seams  each  3  ft.  thick,  and  separated  by 
15  ft.  of  shale  and  sandstone,  are  exposed  50  chains  above  the  Kaipaku 
junction.  Another  seam  lower  in  the  sequence,  and  at  least  3  ft.  thick, 
outcrops  about  20  chains  farther  on,  and  appears  at  intervals  in  or  near  the 
stream-bed  for  about  a  quarter  of  a  mile.  A  still  lower  seam,  showing  6  ft. 
of  coal,  is  exposed  at  a  point  rather  less  than  two  miles  from  the  Kaipaku 
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junction.  This  seam  possibly  is  the  large  seam  outcropping  in  the  latter 
stream.  Several  other  smaller  seams  were  also  observed  in  the  section 
exposed  along  the'Mangaawakino. 

Mangangarongaro.- — The  Mangangarongaro  enters  the  Mokau  from  the 
north  about  twenty-three  miles  by  river  from  the  sea.  The  mine  from 
which  the  bulk  of  the  coal  was  obtained  in  the  Mokau  district  is  at  this 
point.  It  is  stated  that  7  ft.  of  coal  occurred  in  the  mine,  but  in  this  thick¬ 
ness  was  included  a  clay  or  shale  band  which  varied  from  6  in.  to  3  ft.  An 
outcrop  of  15  chains  above  the  mouth  of  the  Mangangarongaro  shows  3  ft. 
of  coal  overlain  by  sandstone  and  underlain  by  4  ft.  of  carbonaceous  clay, 
with  sandstone  again  below.  This  outcrop  is  about  30  ft.  above  sea-level, 
and  belongs  to  a  seam  higher  in  the  sequence  than  the  seam  worked. 

A  mile  up  the  Mangangarongaro  a  section  shows  in  downward  sequence — 
(1)  Shale  of  unknown  thickness  ;  (2)  carbonaceous  shale,  3J  ft.  ;  (3)  coal, 
2\  ft.  ;  (4)  shale,  3|  ft.  ;  (5)  coal,  4  ft.  ;  (6)  shale,  8  ft.  The  4  ft.  coal- 
seam  is  230  ft.  above  sea-level.  A  thick  shale  band  outcropping  on  a  terrace 
20  chains  east  of  the  mouth  of  the  mine  and  170  ft.  above  it  is  evidentlv 
on  the  same  horizon  as  the  beds  in  the  above  section.  The  shale  band  here 
contains  only  streaks  and  pockets  of  coal. 

Other  coal-outcrops  were  observed  in  the  Mangangarongaro,  but  all 
were  small.  The  rocks  throughout  strike  in  a  north-westerly  direction,  and 
dip  gently  to  the  south-westward. 

Mangakawhia. — The  Mangakawhia,  a  stream  of  moderate  size,  enters 
the  Mokau  from  the  north  half  a  mile  above  the  confluence  of  the  Manga¬ 
ngarongaro.  It  has  cut  deeply  into  the  coal-measures.  At  intervals  over 
a  distance  of  30  chains  from  the  river  a  coal-seam  3  ft.  to  4  ft.  thick  shows 
at  or  near  the  top  of  the  cliff  bordering  the  stream  on  the  ’eft.  This  seam 
at  20  chains  from  the  mouth  of  the  Mangakawhia  is  on  fire.  It  is  overlain 
and  underlain  by  sandy  shale. 

Near  the  head  of  Coal  Creek,  a  branch  entering  the  Mangakawhia  from 
the  east  from  Ohinewhero  Hill,  is  a  section  showing  five  seams  of  coal,  in 
upward  sequence  respectively  2  ft.,  6J  ft.,  2Jft.,  2  ft.,  and  4  ft.  thick,  and 
contained  in  200  ft.  of  strata.  The  6J  ft.  seam  is  underlain  and  overlain 
by  thick  beds  of  friable  sandy  shale,  and  includes  a  band  of  carbonaceous 
shale .  1  ft.  thick.  The  4  ft.  seam,  which  is  overlain  by  soft  massive  sand¬ 
stone,  rests  on  friable  shale. 

In  addition  to  the  outcrops  mentioned  above  other  outcrops  belonging 
to  a  seam  or  seams  in  an  horizon  150  ft.  to  250  ft.  lower  in  the  sequence 
were  observed  at  several  points  in  the  Mangakawhia  Valley.  The  largest 
outcrop  showed  less  than  2  ft.  of  coal. 

Mangatoetoe. — In  the  Mangatoetoe,  which  enters  the  Mokau  from  the 
north-east  a  few  chains  above  the  Mangakawhia,  three  coal-seams  were 
observed.  The  lowest  outcrop,  about  30  chains  from  the  mouth  of  the 
stream,  shows  6  ft.  of  clean  coal  contained  within  thick  beds  of  friable  shale. 
Another  seam,  3J  ft.  thick,  about  25  ft.  higher  in  the  sequence,  outcrops 
at  the  foot  of  a  waterfall  a  few  chains  farther  up-stream.  The  floor  of  this 
coal  is  soft  shale,  and  the  roof  massive  sandstone.  A  third  seam,  still  higher 
in  the  sequence,  and  4  ft.  to  5  ft.  thick,  outcrops  in  the  creek-bed  one  mile 
and  a  half  from  the  river.  It  rests  on  soft  sandstone,  and  is  overlain  by 
20  ft.  of  friable  shale  and  claystone. 

Near  Mangatoi  Homestead. — On  the  banks  of  the  Mokau,  from  near 
the  mouth  of  the  Mangangarongaro  to  beyond  Mangatoi  Homestead,  coal 
outcrops  at  many  points.  The  seams  to  which  some  of  these  obviously 
belong  have  already  been  described. 

Stockman’s  Mine  is  on  the  north  side  of  the  Mokau,  close  to  Mangatoi 
Homestead.  It  consists  of  a  single  adit  driven  450  ft.  on  a  seam  44  ft. 
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thick.  The  coal,  which  is  clean  and  hard,  is  overlain  by  massive  sandstone, 
and  rests  on  compact  sandy  claystone.  About  40  ft.  above  the  adit,  and 
in  the  small  creek  from  which  it  is  driven,  is  an  outcrop  of  a  seam  2J  ft. 
thick.  The  coal  rests  on  shale,  but  the  roof  was  not  seen.  On  the  river- 
edge,  about  15  ft.  above  sea-level  and  30  ft.  below  Stockman’s  seam,  coal  of 
unknown  thickness  (at  least  2  ft.)  appears  from  beneath  shaly  clay.  What 
is  probably  Stockman’s  seam  outcrops  at  points  a  few  chains  up-stream  and 
down-stream  from  this  point.  The  thickness  of  the  down-stream  outcrop 
was  4  ft.,  but  that  of  the  up-stream  outcrop  was  not  observed.  The  same 
seam  shows  on  the  left  bank  of  the  Mokau  immediately  above  the  mouth  of 
the  Mangapohue.  It  is  here  4  ft.  thick.  The  seam  overlying  Stockman’s 
outcrops  a  few  chains  up  the  Mangapohue,  showing  2  ft.  of  coal.  Another 
seam  5  ft.  in  thickness,  of  which  nearly  a  half  is  carbonaceous  shale,  outcrops 
about  50  chains  farther  up-stream  in  an  horizon  about  100  ft.  higher.  It 
lies  between  beds  of  sandy  shale. 

Mangatoi.- — The  Mangatoi  is  a  small  branch  of  the  Mokau  entering 
from  the  right  about  a  mile  above  Mangatoi  Homestead.  Near  the  top 
of  the  cliffs  bordering  the  stream,  on  its  left  side,  and  at  a  point  30  chains 
from  the  river,  are  two  seams,  the  upper  3  ft.  and  the  lower  4  ft.  thick. 
They  are  separated  by  15  ft.  of  shale,  and  rock  of  a  similar  nature  overlies 
the  upper  seam  and  underlies  the  lower.  These  seams  are  more  than  300  ft. 
above  the  stream-bed.  About  200  ft.  lower  is  a  third  seam,  2  ft.  thick, 
which  rests  on  soft  shale  and  is  overlain  by  massive  sandstone. 

In  Te  Maire  Creek,  which  enters  the  Mokau  40  chains  above  the  mouth 
of  the  Mangatoi,  are  four  seams,  two  of  2  ft.  and  two  of  1  ft. 

Wade  Creek. — Wade  Creek,  or  the  Mangamahaki,  is  a  stream  of  moderate 
size  which  enters  the  Mokau  from  the  right.  It  drains  part  of  the  high, 
broken,  heavily  wooded  country  north  of  Ohinewhero  Hill.  The  coal- 
measures  in  this  locality  are  high  above  the  level  of  the  river  and  the 
principal  valleys.  Coal  5J  ft.  thick  outcrops  800  ft.  above  the  valley-bottom 
of  a  right-hand  branch  of  Wade  Creek.  It  is  contained  between  thick 
beds  of  friable  shale,  and  about  2J  ft.  of  rather  impure  coal  is  included  in 
the  above  thickness.  Fragments  of  coal  in  a  slip  indicate  that  a  higher 
seam  exists  in  this  locality.  Along  the  same  spur,  15  chains  eastward,  a 
seam  of  dirty  coal  3  ft.  thick  with  no  bottom  showing  is  exposed  in  a  slip. 
The  containing  strata  are  shale.  This  probably  belongs  to  an  horizon  below 
that  of  the  last-mentioned  seam. 

It  is  evident  that  a  large  amount  of  coal  exists  in  the  basin  of  the  Mokau 
River.  The  larger  seams,  however,  being  associated  with  beds  of  a  soft 
friable  nature,  will  be  expensive  to  work  in  most  areas.  The  localities  to 
which  this  disadvantage  does  not  apply  are  Stockman’s  mine,  the  old  mine 
near  the  Mangangarongaro-Mokau  junction,  and  the  neighbourhood  of  the 
large  outcrop  in  Ivaipaku  Creek.  In  Stockman’s  mine  the  roof  in  the  adit, 
which  is  from  12  ft.  to  16  ft.  wide,  is  perfectly  sound,  although  it  has  been 
standing  several  years  and  was  never  timbered.  It  is  said  that  practically 
no  timber  was  used  in  the  old  mine.  Unfortunately  the  clean  coal  in  this 
mine  is  nowhere  more  than  6  ft.  thick,  and  is  usually  not  more  than  4  ft. 
In  Stockman’s  the  seam  does  not  average  more  than  4J  ft.  Again,  the  silt 
and  timber  deposited  during  the  big  flood  of  1914  blocked  the  river-channel 
below  these  mines  even  to  launch  traffic  except  at  high  tide  or  during  floods. 
Even  if  the  channel  were  cleared  it  would  be  again  blocked  by  the  first  high 
flood. 

The  seam  exposed  in  the  bed  of  the  Kaipaku  is  undoubtedly  worth 
more  attention  than  any  other  observed.  An  exposure  3  chains  in  length 
shows  an  average  thickness  of  over  7  ft.  of  clean  hard  coal.  Both  roof  and 
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floor  are  favourable  for  cheap  working.  The  seam  lies  nearly  flat,  and  no 
fault  or  other  unfavourable  structure  was  observed  in  the  strata  over  a  wide 
area  round  the  outcrop.  Access  to  the  seam  is  not  difficult.  Any  vessel 
able  to  cross  the  Mokau  bar  can  at  high  tide  reach  the  mouth  of  the  Manga- 
awakino,  thirteen  miles  from  the  sea.  The  valleys  of  the  Mangaawakino 
and  Kaipaku  are  wide  and  open  for  three  miles,  and  are  traversed  by  an  old 
sawmill  tram-line  of  easy  grade.  The  rise  in  the  three  miles  is  about  90  ft. 
The  outcrop  described  is  less  than  half  a  mile  from  the  end  of  the  valley- 
flats. 

A  studv  of  the  sections  of  the  coal-measures  of  the  Mokau  district  makes 

c / 

it  clear  that  the  coal-seams  may  vary  in  thickness  within  short  distances. 
Hence  it  is  essential  that  no  assumptions  be  made  as  to  the  extent  of  the 
workable  thickness  of  any  seam.  This  knowledge  can  be  obtained  only  by 
prospecting.  The  thick  seam  outcropping  in  the  bed  of  the  Kaipaku  can  be 
easily  traced  down  the  valley  by  surface  trenching.  It  may  be  noted  that  in 
this  direction  thick  coal  is  reported  to  have  been  uncovered  in  the  bed  of  the 
Mangaawakino  a  little  below  its  junction  with  the  Kaipaku.  At  this  locality 
much  silt  occurs  in  the  stream-bed,  and  no  coal  was  found.  Eastward  of 
the  main  outcrop  in  the  Kaipaku  the  coal  horizon  is  below  the  stream- 
channel,  and  the  extension  of  the  seam  in  that  direction  can  be  determined 
only  by  boring.  East-south-eastward,  30  chains  from  the  Kaipaku  outcrop, 
is  the  6  ft.  seam  in  the  Mangaawakino.  Northward  of  the  Kaipaku — - 
that  is,  to  the  “  rise  ” — the  streams  have  not  cut  to  the  coal  horizon,  and  a 
large  area  of  level  free  coal  may  exist  in  this  direction.  Boring  will  be 
necessary  in  the  valley  of  the  Mangaawakino  to  ascertain  the  thickness  of 
the  coal  to  the  “  dip.”  If  the  gentle  inclination  of  the  strata  observed  in 
outcrops  be  maintained  the  coal  horizon  deepens  only  at  the  rate  of  350  ft. 
per  mile. 

Ohura  River  Section. 

The  western  rim  of  the  basin  of  the  Ohura  River,  drained  by  the 
Mangaroa  and  its  branch  the  Waite whena,  is  formed  of  coal-measures  and 
■the  strata  overlying.  Coal  crops  out  at  many  points  for  a  distance  of 
fourteen  miles  along  the  plateau-edge,  which  is  the  outcrop  portion  of 
what  may  be  termed  the  Ohura  section  of  the  Taranaki  Coalfield.  The 
strata  have  a  general  westerly  dip  at  low  angles,  and  although  a  few  small 
faults  were  observed  the  rocks  as  a  whole  are  but  little  disturbed.  To 
the  eastward  the  coal-measures  have  probably  been  down-faulted,  but 
positive  evidence  of  the  presence  of  the  powerful  fracture  necessary  on 
this  supposition  is  scanty. 

Mr.  M.  Ongley,  on  pages  8  and  9  of  the  11th  Annual  Report  of  the  N.Z. 
Geological  Survey,  has  a  report  entitled  “  Coal  of  Waitewhena  District,  North 
Taranaki.”  This  is  accompanied  by  a  map  which  shows  numerous  coal 
outcrops  over  a  distance  of  seven  miles  at  the  northern  end  of  the  Ohura 
section  of  the  coalfield.  He  states  there  are  thirty  outcrops  where  the 
coal  is  10  ft.  or  more  in  thickness.  Many  other  outcrops  occur  where  the 
full  thickness  of  the  coal  could  not  be  measured. 

In  the  southern  portion  of  the  Ohura  section  coal  is  exposed  at  many 
points.  Near  the  end  of  the  road  along  the  Mangakara  Valley,  where  the 
stream  breaks  into  two  equal  branches,  the  coal-seams  outcrop  at  points 
650  ft.  and  690  ft.  above  sea-level.  The  lower  seam  is  covered  bv  debris, 
but  the  upper  was  examined  at  two  points,  where  it  was  respectively  3  ft. 
and  4  ft.  thick.  About  two  miles  south  of  this  locality,  25  chains  past  the 
end  of  the  road  along  the  Huhatahi  Valley,  two  seams  are  exposed  in  the 
stream-bed,  the  lower  18  in.  thick  and  the  upper  3J  ft.  The  latter  seam, 
however,  contains  many  dirt  bands,  especially  in  its  upper  portion.  The 
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same  seams  outcrop  half  a  mile  to  the  eastward  on  the  terrace  on  the  south 
side  of  the  stream,  and  here  both  are  from  18  in.  to  24  in.  thick.  A  few 
chains  westward  of  the  sawmill  on  the  Ohura-Tongaporutu  Road  at 
Piopiotea,  about  five  miles  from  Ohura,  coal  shows  at  several  points  in 
the  creek-bed.  The  thickness  of  the  seam  could  not  be  observed.  Coal  is 
reported  also  to  outcrop  high  on  the  steep  spurs  at  the  heads  of  the 
Mangaparare  and  Huiutahi  Streams,  branches  of  the  Mangaroa  rising 
south-westward  of  Ohura.  Coal  fragments  were  observed  in  the  beds  of 
both  streams,  but  the  outcrops  were  not  located. 

From  the  above  it  is  evident  that  the  coal-seams  existing  in  the  southern 
portion  of  the  Ohura  section  of  the  Taranaki  Coalfield  are  not  so  thick  as 
those  in  the  northern  portion  described  by  Mr.  Ongley.- 

Tangarakau  River  Section. 

The  plateau  formed  of  coal-measures  and  overlying  beds  that  con¬ 
stitute  the  Ohura  section  of  the  Taranaki  Coalfield  extends  many  miles 
farther  southwards.  This  portion  of  the  coal-bearing  area  may  be  termed 
the  Tangarakau  section  of  the  coalfield.  The  northern  end  of  the  plateau- 
edge  in  this  area  is  for  five  miles  drained  by  the  Heao,  a  branch  of  the 
Tangarakau.  Many  outcrops  of  coal  are  reported  to  occur  in  this  part 
of  the  Heao  basin.  Near  the  end  of  the  formed  track  leading  up  the  Heao 
Valley,  and  about  a  mile  north-west  of  Tatu  village,  a  seam  of  coal  at  least 
5  ft.  thick  (no  floor  seen)  is  exposed  in  the  creek-bed.  It  is  overlain  by 
10  ft.  of  soft  claystone,  and  this  in  turn  by  massive  sandstone.  Four  other 
outcrops  of  the  same  seam  were  observed  in  the  neighbourhood,  but  none 
were  so  clearly  exposed. 

The  Tangarakau  River  has  cut  a  deep  tortuous  gorge  into  the  plateau 
of  coal-bearing  rocks,  and  its  bed  for  at  least  eight  miles  is  within  or 
close  to  the  coal-measures.  The  road  between  Ohura  and  Whangamomona  * 
follows  the  river  for  this  distance.  The  writer  has  explored  only  three 
miles  of  the  gorge,  but  has  passed  along  the  whole  eight  miles  by  motor¬ 
car.  In  the  three  miles  explored  two  groups  of  outcrops  were  examined, 
the  seam  in  each  locality  being  about  4  ft.  thick.  There  are  obvious 
indications  of  the  presence  of  the  coal  horizon  throughout  the  whole  length 
of  the  gorge,  and  several  outcrops  of  thick  coal  are  reported  to  exist.  One 
of  these,  near  the  lower  end  of  the  gorge,  is  stated  to  have  been  worked 
by  residents  of  Whangamomona,  but  the  adit  is  now  flooded  by  the  river, 
and  the  seam  was  not  found  during  the  few  minutes  the  writer  had  at  his 
disposal.  The  strata  are  well  exposed  along  the  gorge.  They  dip  gently 
in  a  general  way  to  the  north-west,  and  were  not  observed  to  be  disturbed. 

Access  to  the  Coalfield. 

Of  the  three  sections  of  the  Taranaki  Coalfield  the  northern  portion  of 
the  Ohura  section,  near  the  head  of  the  Waite whena  Stream,  contains 
much  the  best  “  show  ”  of  coal.  The  railway  from  Okahukura,  on  the 
Main  Trunk  line,  to  Ohura  is  under  construction,  and  about  ten  miles  of 
construction-work  is  more  or  less  completed.  The  nearest  point  of  this 
railway  will  pass  about  eight  miles  from  the  area  containing  thick  coal, 
and  the  total  distance  from  Waitewhena  to  Okahukura  will  be  about 
twenty-six  miles. 

The  means  of  access  to  the  Mokau  section  of  the  Taranaki  Coalfield  are 
not  good.  The  mine-entrance  at  Maryville  is  about  twenty-three  miles 
from  the  river-mouth,  and  before  the  blockage  in  the  channel  took  place  two 
years  ago  the  little  steamers  used  in  the  trade  could  not  carry  more  than 
100-ton  cargoes.  If  a  mine  were  opened  in  the  valley  of  the  Mangaawakino 
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Sj  tramway  three  or  four  miles  in  length  would  be  required  to  bring  coal 
to  the  river-bank  at  a  point  thirteen  miles  from  the  mouth  of  the  Mokau. 
Any  vessel  able  to  enter  the  Mokau  River  could  reach  this  point  without 
difficulty. 

The  Tangarakau  section  of  the  coalfield  has  been  very  imperfectly 
explored.  Coal  outcrops  on  the  proposed  route  of  the  railway  between 
Whangamomona  and  Ohura.  The  rail-head  is  now  at  Tahora,  about  three 
miles  in  direct  line  from  the  nearest  coal,  but  the  surveyed  route  of  the 
railway  between  these  points  is  five  miles  in  length.  In  view  of  the  above 
the  writer  is  of  opinion  that  a  reconnaissance  survey  of  the  Tangarakau 
section  of  the  coalfield  should  be  undertaken. 


Coal  Prospects  at  Waiwera,  Auckland. 

By  J.  A.  Bartrum,  Lecturer  on  Geology,  University  College,  Auckland. 

In  accordance  with  instructions  I  visited  Waiwera  in  November,  1917, 
and  examined  the  coal  prospects  on  Major  J.  Whitney’s  property.  The 
property  includes  the  coast-line  between  Waiwera  and  Puhoi  Streams,  and 
extends  inland  approximately  to  the  Waiwera-Puhoi  Road. 

The  geology  of  the  surrounding  area  is  well  described  by  McKay  (Rep. 
Geol.  Explor.  1883-84,  p.  104,  1884),  and  a  few  words  will  add  what  local 
detail  is  necessary. 

The  so-called  coal-seam  is  a  thin,  somewhat  irregular  band,  up  to 
1 J  in.  thick,  of  bright  coaly  matter,  traceable  for  over  50  yards  at  low 
water  at  the  North  Waiwera  head.  It  is  bedded  in  grey  and  green,  some¬ 
times  tufaceous,  sandstones  of  the  Waitemata  series,  about  100  ft.  below 
a  well-marked  conglomerate  bed  composed  very  largely  of  volcanic  material 
(hornblende  and  pyroxene  andesites),  about  20  ft.  thick,  and  crowded  with 
polyzoans,  a  few  corals,  a  few  Foraminifera  and  sporadic  molluscs.  Some 
of  the  finer  sandstones  just  above  the  coal-seam  also  contain  a  few 
molluscs,  the  only  form  I  recognized,  however,  being  Nacula  sp.  Broken 
plant-remains  are  common. 

The  volcanic  conglomerate  in  places  is  coarse,  but  the  fragments  are 
in  general  about  the  size  of  a  pea.  In  contrast  with  the  well-rounded 
pebbles  of  sedimentary  rocks  included  the  fragments  of  volcanic  origin  are 
mostly  harsh  and  poorly  rounded.  This  conglomerate  obviously  marks  the 
Parnell  grit  ”  horizon. 

The  beds  are  locally  considerably  disturbed,  mainly  by  fault  move¬ 
ments.  In  undisturbed  portions,  such  as  that  including  the  “  coal-seam,” 
the  dip  is  gentle  (10°  to  12°),  and  near  the  Waiwera  bridge  the  beds  are 
almost  horizontal. 

Thin  coaly  bands  of  similar  nature  to  that  discovered  by  Major  Whitney, 
but  not  quite  so  continuous,  can  be  seen  at  one  or  two  other  points  along 
the  foreshore  towards  the  Puhoi  entrance,  and  are  a  well-known  feature 
of  the  “  Waitemata  ”  beds  in  the  vicinity  of  Auckland.  In  no  case  have 
they  been  found  to  thicken  out  into  seams  of  any  commercial  interest, 
and  the  present  band  cannot  be  regarded  as  offering  any  greater  promise 
than  similar  ones  in  the  “  Waitemata  ”  beds  of  other  localities. 

The  probability  of  finding  workable  coal  is  so  slight  that  the  expense 
of  boring  in  search  of  it  would  not  be  justified  even  were  the  strata  not 
disturbed  by  faulting. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 
University  of  New  Zealand. 

The  full  report  of  the  committee  of  the  Senate  on  the  financial  needs  of  the 
University  and  colleges  was  presented  and  adopted  at  the  May  meeting 
of  the  Senate,  and  is  printed  in  the  Minutes  of  Proceedings  of  the  Forty-eighth 
Annual  Session ,  pp.  124-29. 

The  report  is  on  the  same  general  lines  as  the  interim  report  presented 
in  January,*  but  goes  farther  in  stating  the  necessity  for  considerably 
increased  grants  of  money  to  the  University  colleges  for  additions  to 
buildings,  staffs,  libraries,  laboratory  equipment,  &c.  The  establishment  • 
of  a  Chair  of  Agriculture  at  Auckland  University  College  is  recommended 
in  addition  to  provision  for  agricultural  education  suggested  in  the  interim 
report. 

Extracts  from  the  report  are  given  below  under  the  various  heads. 

Sites,  Buildings,  and  Equipment. 

The  reports  of  the  governing  bodies  of  the  colleges  show  that  there  is  great  need 
of  further  provision  of  buildings  and  equipment,  and  in  the  case  of  Auckland  of  a  site 
for  University  buildings. 

The  committee  therefore  recommends  that  the  Government  should  sympathetically 
consider  the  following  requests  of  the  College  Councils  : — - 

(1.)  Auckland — 

(a.)  Site  (metropolitan  site  suggested)  and  £100,000  for  buildings. 

( b .)  Equipment  for  architecture,  £1,000. 

(c.)  Equipment  for  agriculture. 

(2.)  Victoria — - 

(a.)  Three  wings  for  library,  economics,  science,  and  students,  £40,000. 

( b .)  Equipment  of  science  laboratory,  £5,000. 

(3.)  Canterbury — 

(a.)  Extension  of  College  buildings  and  equipment,  £20,000. 

(6.)  Extension  of  buildings  of  Engineering  School,  £21,650. 

(4.)  Otago — 

(a.)  Buildings  for  science  and  medicine,  £60,000. 

( b .)  Apparatus  and  equipment,  £2,550. 

Increase  in  Staffs. 

The  committee  recommends  that  the  increase  in  staffs  asked  for  by  the  Councils 
should  receive  the  favourable  consideration  of  the  Government. 

(1.)  Auckland — ■ 

(a.)  Professor  of  History  and  Geography  )  At  present,  together  with  econo - 
( b .)  Professor  of  Philosophy  j  mics,  taught  by  one  man. 

(c.)  Provision  for  teaching  law  (honours). 

(d.)  Demonstrator  in  Physics. 

(e.)  Lecturer  in  Home  Science. 

(/.)  Professor  of  Agriculture  and  Professor  of  Forestry. 

(g.)  Lecturer  in  Architecture  (£500). 

(2.)  Victoria — 

(a.)  Eleven  full-time  assistants  (additional  expense  £3,000  per  annum), 
which  would  enable  the  College  to  begin  day  lectures  and  to  co¬ 
operate  with  the  Agricultural  Department  in  teaching  agriculture. 

(3.)  Canterbury— 

(a.)  Chair  in  History  (at  present  taken  with  economics). 

(6.)  Engineering  staff  (add  £3,600  per  annum,  as  asked  for  in  Director’s 
report). 


*  This  Journal,  May,  1919,  pp.  220-21. 
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(4.)  Otago — 

(a.)  Additional  assistance,  £5,400  to  £7,400. 

( b .)  Professor  of  Surgery,  £800. 

(c.)  Separate  Lecturers  in  Midwifery  and  Gynaecology,  £400. 

( d .)  Laboratory  materials  and  apparatus,  £600. 

Assistants  in  Research. — In  view  of  the  great  importance  of  research,  not  only  as 
an  economic  weapon  of  the  community,  but  as  an  inspiration  to  both  teachers  and 
students  in  their  academical  work,  the  committee  recommends  that  the  Government 
should  provide  funds  to  enable  the  colleges  to  appoint  assistants  in  research,  who, 
guided  by  the  heads  of  University  departments,  may  co-operate  with  them  in  increasing 
the  volume  of  original  work  carried  out  in  the  University.  It  is  only  by  encouraging 
the  spirit  of  research  in  pure  science  that  the  community  can  hope  for  a  body  of 
original  thinkers  in  applied  science. 

Libraries. 

The  importance  of  a  good  library  in  a  university  can  hardly  be  overestimated. 
In  the  past  the  libraries  have  been  starved  owing  in  part  to  other  calls  on  the  college 
funds.  It  is  therefore  necessary  to  spend  a  fairly  large  capital  sum  to  provide  the 
essential  books  in  the  different  departments  of  university  study. 

The  committee  recommends  that  the  Government  should  provide  for  each  University 
college  a  capital  sum  of  £3,000  and  an  annual  grant  of  £500  for  general  library  purposes. 
In  addition  there  should  be  provided  an  annual  sum  of  £400  for  the  medical  library  at 
Otago  and  £100  for  the  engineering  library  at  Christchurch. 


New  Zealand  Institute. 

In  January  last  the  Board  of  Governors  decided  to  institute  a  Fellow¬ 
ship  as  an  honorary  distinction  for  the  life  of  the  holder.  The  appoint¬ 
ment  and  election  of  the  twenty  Original  Fellows,  who  include  the  past 
Presidents  and  Hutton  and  Hector  Medallists,  has  now  been  made,  as 
follows  : — 

B.  C.  Aston,  F.I.C.,  F.C.S.  ;  *f  Professor  W.  B.  Benham,  M.A.,  D.Sc., 

F. R.S.  ;  f  Elsdon  Best ;  *f  T.  F.  Cheeseman,  F.L.S.,  F.Z.S.  ; 
*t  Professor  C.  Chilton,  M.A.,  D.Sc.,  LL.D.,  M.B.,  F.L.S.,  C.M.Z.S.  ; 
*fj  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S.  ;  JProfessor  T.  H.  Easter- 
held,  M.A.,  Ph.D.  ;  Professor  C.  Coleridge  Farr,  D.Sc.,  F.P.S.L.  ; 

G.  Hogben,  C.M.G.,  M.A.,  F.G.S.  ;  G.  Y.  Hudson,  F.E.S.  ;  Pro¬ 
fessor  H.  B.  Kirk,  M.A.  ;  fj  P.  Marshall,  M.A.,  D.Sc.,  F.G.S.  ; 
*  D.  Petrie,  M.A.,  Ph.D.  ;  J  Sir  Ernest  Rutherford,  F.R.S.  ;  Pro¬ 
fessor  H.  W.  Segar,  M.A.  ;  S.  Percy  Smith,  F.R.G.S.  ;  R. 
Speight,  M.A.,  M.Sc.,  F.G.S.  ;  Professor  A.  P.  W.  Thomas,  M.A., 
F.L.S.  ;  515  Hon.  G.  M.  Thomson,  M.L.C.,  F.L.S.  ;  J.  Allan  Thom¬ 
son,  M.A.,  D.Sc.,  A.O.S.M.,  F.G.S. 

Manawatu  Philosophical  Society. 

The  following  papers  were  read  during  the  1919  session  : — 

March  :  Dr.  E.  C.  Barnett,  “  Medical  Experiences  at  the  Front.”  April  : 
Mr.  Black,  Curator  of  the  Borough  Reserves,  “  Noxious  Weeds.”  May  2  : 
J.  W.  Poynton,  S.M.,  “  Radium,”  illustrated  by  exhibits  of  carnallite, 
blende,  and  radium  bromide.  May  23  :  W.  E.  Bendall,  “  Kapiti  Island.” 
This  paper  covered  the  ground  of  the  report  on  Kapiti  Island  as  a  bird 
and  animal  sanctuary,  carried  out  at  the  request  of  the  Board  of  Governors 
of  the  New  Zealand  Institute,  and  was  prefaced  by  an  historical  introduc¬ 
tion.  June  :  Miss  A.  F.  Ironside,  M.A.,  “  The  Evolution  of  the  English 
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Drama.”  July  :  Professor  T.  H.  Easterfield,  M.A.,  Ph.D.,  “  Explosives.” 
August :  Pev.  H.  C.  Blackburne,  M.A.,  “  English  Cathedrals,”  with  lantern 
illustrations.  September  :  R.  Edwards,  F. N.Z. I. A.,  “  The  Land  we  Live 
in,  and  the  Story  of  a  Submerged  Forest.”  October  :  R.  H.  F.  Grace, 
“  Other  Worlds  than  Ours.” 


Hawke’s  Bay  Philosophical  Institute. 

The  following  papers  were  read  during  the  year  1919  : — 

May  18  :  Hon.  Sir  R.  Stout,  “  What  is  to  be  the  Aftermath  of  the 
War  ?  ”  May  30  :  Rev.  H.  J.  Fletcher,  “  The  Old  Maori  and  some  of 
his  Beliefs  and  Customs.”  June  12  :  W.  A.  Armour,  “  The  Economy  of 
Youth.”  June  27  :  D.  A.  Strachan,  “  Recent  Developments  in  Economics.” 
July  17  :  J.  W.  Poynton,  “  Radium  and  its  Wonders.”  October  3  :  H. 
Hill,  ( a )  “  Earthquakes  and  Volcanoes,”  ( b )  “  The  Moa — Legendary,  His¬ 
torical,  and  Geological.”  October  17  :  Professor  F.  W.  C.  Haslam,  “  Some 
of  the  great  Monumental  Slones  of  the  World.” 


Wellington  Philosophical  Society. 

The  following  papers  have  been  read  : — 

April  30  :  S.  H.  Jenkinson,  “  Majority  and  Proportional  Representa¬ 
tion.”'  May  28  :  Elsdon  Best,  “  An  Oriental  Figurine  found  at  Mauku, 
near  Auckland  ”  ;  E.  K.  Lomas,  “  Spiders  ”  ;  R.  L.  Andrew,  “  Seasonal 
Variations  in  Wellington  Milk-supplv.”  June  25  :  *D.  Jenness,  “  Canadian 
Arctic  Expedition,  1913-18.”  July  23  :  R.  W.  Holmes,  “Notes  on  Decimal 
Coinage  and  the  Metric  System.”  August  27  :  R.  L.  Andrew,  “  Some 
Analyses  of  Human  Milk  with  reference  to  Infant-feeding  ”  ;  G.  B.  Brad¬ 
shaw,  “The  Bomb  Calorimeter."  September  24:  G.  V.  Hudson,  “Some 
Examples  of  New  Zealand  Insects  illustrating  the  Darwinian  Principle  of 
Sexual  Selection  ”  ;  A.  C.  Gifford  and  R.  W.  Holmes,  “  Lantern-slides 
and  Photographs  of  Mount  Tutoko  and  the  Darran  Mountains.” 

A  special  meeting  was  held  on  the  6th  August,  when  Major  E.  Marsden, 
M.C.,  Professor  of  Physics  at  Victoria  College,  lectured  on  “  Gun  Location 
on  the  Western  Front.” 

In  addition  regular  monthly  meetings  of  the  Astronomical,  Geological, 
Historical,  and  Technological  sections  have  been  held. 


Philosophical  Institute  of  Canterbury. 

Regular  monthly  meetings  of  the  above  Institute  have  been  held  through¬ 
out  the  year.  Apart  from  the  scientific  papers  contributed  and  addresses 
given,  the  Institute  has  received  the  gracious  permission  of  the  Hon.  the 
Minister  of  Internal  Affairs  to  erect  a  tablet  at  the  Lake  Coleridge  Power¬ 
house  commemorating  the  memory  of  Hans  Christian  Oersted,  who 'dis¬ 
covered  the  magnetic  effect  of  an  electric  current  exactly  a  century  ago, 
and  who  thereby  made  possible  the  present  “  electrical  ”  age.  Steps  have 
also  been  taken  to  secure  the  preservation  of  Sinclair’s  grave  and  Butler’s 
house  at  Mesopotamia,  also  the  continuation  of  the  records  at  the  Samoan 
Magnetic  Observatory.  The  Institute  purposes  holding  meetings  at  Timaru 
and  Ashburton  respectively  on  23rd  to  25th  October,  hoping  thereby  fco 
further  the  interests  of  the  Institute  and  to  extend  the  benefits  of  member¬ 
ship  to  such  as  cannot  attend  the  monthly  meetings  at  Christchurch. 
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Addresses  have  been  given  as  follows  : — 

Dr.  C.  C.  Farr,  D.Sc.,  Presidential  address,  “  Some  Physical  Discoveries 
of  the  Past  Thirty  Years  ”  ;  Hon.  G.  M.  Thomson,  F.L.S.,  “  Naturalization 
of  Animals  in  New  Zealand  ”  ;  G.  L.  Robinson,  “  Phases  of  Practical 
Forestry.’' 

The  following  papers  have  been  read  : — 

June  :  Dr.  D.  L.  Freeman,  N.D.A.,  “  Silting  and  Irrigation  of  Canter¬ 
bury  Lands  ”  ;  Professor  A.  Wall,  M.A.,  “  A  Botanical  Excursion  on  the 
Southern  Alps.”  August  :  A.  E.  Rowe,  M.Sc.,  “■  An  Attempt  to  Determine 
the  Size  of  Colloidal  Particles  by  the  Rate  of  Chemical  Action  ”  ;  A.  E. 
Rowe,  M.Sc.,  “  The  Influence  of  Small  Quantities  of  Alkali  or  of  Alkaline 
Earths  Salts  on  the  Solubility  in  Water  of  Calcium  Carbonate  ”  ;  H.  D. 
Broadhead,  M.A.  (communicated  by  Dr.  Evans),  “  The  Limitations  of 
Scientific  Method.”  October  :  W.  D.  Kirkpatrick,  F.R.H.S.,  “  Idea  of 
Annexation  and  Federation  in  New  Zealand  ”  ;  Professor  A.  Wall,  M.A., 
“  Helichrysum  dimorphum  Cockayne — A  Hybrid.” 


Cawthron  Institute. 

The  following  judgment  in  relation  to  the  proposed  Cawthron  Institute 
of  Scientific  Research  was  delivered  by  Mr.  Justice  Chapman  on  the  25th 
July,  1919  : — 

Originating  summons  taken  out  under  the  Declaratory  Judgments  Act,  1908;  with 
the  object  of  obtaining  answers  to  certain  questions  as  to  the  powers  of  the  trustees  under 
the  will  of  the  late  Thomas  Cawthron,  of  Nelson,  who  died  on  the  8th  October,  1915, 
leaving  a  will  dated  15th  December,  1902. 

The  plaintiffs  are  trustees  under  the  will.  The  trustees  appointed  by  the  testator 
are,  with  the  exception  of  Mr.  William  Rout,  all  appointed  not  by  name  but  by  reference 
to  the  offices  held  by  them — namely,  the  Bishop  of  Nelson,  the  Mayor  of  Nelson,  the 
Chairman  of  the  Waimea  County  Council,  the  members  of  the  House  of  Representa¬ 
tives  and  Legislative  Council  for  the  City  of  Nelson  and  Waimea  Electorate,  and  the 
Chairman  of  the  Nelson  Harbour  Board.  As  there  is  no  such  office  as  “  member  of  the 
Legislative  Council  for  the  City  of  Nelson,”  that  designation  was  held  ineffectual.  As 
these  bodies  are  all  located  in  or  near  Nelson  City,  the  appointments  indicate  a  desire 
on  the  part  of  the  testator  to  have  as  his  trustees  local  men  to  the  extent  at  least  of 
ensuring  that  they  shall  be  able  regularly  to  meet  and  attend  to  the  affairs  of  the  trust. 
In  other  respects  there  is  nothing  in  the  will  to  lead  to  the  conclusion  that  it  can  be 
characterized  as  a  local  trust.  It  is,  however,  inevitable  that  in  the  main  the  Institute 
created  should  as  to  its  location  become  a  Nelson  institution,  and  there  can  be  no 
objection  to  this  so  long  as  there  is  no  exclusion  of  aspirants  from  els^vhere  and  no 
departure  from  a  scheme  calculated  to  be  of  benefit  to  the  Dominion  generally. 

In  the  report  of  the  Commission,  to  be  hereafter  referred  to,  and  in  the  documents 
accompanying  it,  there  is  ample  evidence  that  the  Provincial  District  of  Nelson  affords 
within  its  boundaries  means  of  studying  and  carrying  on  research  work  connected  with 
substantially  all  the  industries  of  the  Dominion,  including  agriculture  in  all  its  branches, 
forestry,  mining,  and  fisheries,  and  the  related  sciences  of  chemistry,  geology,  metallurgy, 
biology,  &c.  This  is  of  importance  in  connection  with  the  project  developed  in  that 
report  which  is  the  basis  of  the  originating  summons. 

There  are  in  the  will  numerous  bequests  to  individuals,  but  the  essential  part 
creating  the  trust  with  which  the  Court  is  concerned  is  very  brief,  thus  :  “I  will  and 

bequeath  all  other  real  and  personal  property  belonging  to  me  unto  [the  trustees . ] 

all  in  trust — and  who  are  all  also  to  be  the  executors  of  this  my  will — for  the  purchase 
of  land  and  erection  and  maintenance  of  an  industrial  and  technical  school  institute 
and  museum  to  be  called  the  Cawthron  Institute.” 

Beyond  these  words,  and  such  light  as  may  be  derived  from  the  mode  in  which 
the  trustees  are  appointed  arid  ascertained,  there  is  nothing  to  guide  the  Court  as  to 
the  testator’s  intentions. 

By  this  originating  summons  the  following  questions  are  asked  : — 

“  1.  What  is  the  true  construction  and  meaning  of  the  following  words  in  the  will 
of  the  above-named  Thomas  Cawthron  (deceased) — -viz.  :  ‘  An  industrial  and  technical 
school  institute  and  museum  ’  ? 
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“  2.  Whether  the  said  trustees  are  empowered  by  the  said  will  to  establish  an 
institute  having  for  its  present  object  scientific  research  upon  the  lines  indicated  by 
the  report  of  a  private  Commission  of  scientists  filed  herewith  ?  ” 

The  first  question  is  obviously  not  sufficiently  specific  to  enable  the  Court  to  deal 
with  it  save  in  general  terms.  The  second  question  involves  a  consideration  of  the 
scope  of  the  report  of  the  Commission  and  an  examination  of  the  somewhat  unskilfully 
expressed  language  of  the  will. 

The  Commission  was  a  private  Commission  directed  by  the  trustees  to  Sir  James 
Glenny  Wilson,  President  of  the  Board  of  Agriculture  ;  Dr.  W.  B.  Benham,  M.A.,  D.Sc., 
F.Z.S.,  F.R.S.,  President  of  the  New  Zealand  Institute,  Professor  of  Biology  in  the 
University  of  Otago,  and  Curator  of  the  Otago  University  Museum  ;  Professor  T.  JI. 
Easterfield,  M.A.,  Ph.D.,  F.I.C.,  F.C.S.,  Professor  of  Chemistry  in  Victoria  University 
College,  Wellington  ;  Dr.  P.  Marshall,  M.A.,  D.Sc.,  F.G.S.,  F.R.G.S.,  then  Professor 
of  Geology  and  Mineralogy  in  the  University  of  Otago  ;  Dr.  F.  P.  Worley,  M.A.,  D.Sc.. 
F.C.S.,  Professor  of  Chemistry  in  University  College,  Auckland ;  and  Dr.  Leonard 
Cockayne,  Pli.D.,  F.L.S.,  F.R.S.,  widely  known  for  his  work  in  connection  with 
systematic  and  economic  botany  and  botanical  research. 

It  is  evident  that  the  Commission  exhaustively  considered  what  would  be  the  best 
course  to  take  in  connection  with  various  suggested  projects  for  the  utilization  in  the 
public  interests  of  the  large  fund,  amounting  in  all  to  £180,000,  or,  after  purchasing 
land  and  erecting  buildings  for  the  Institute,  about  £150.000,  capable  of  producing 
revenue  subject  to  the  trusts  of  the  will.  I  need  only  briefly  summarize  the  results 
obtained  through  the  Commission. 

The  Commissioners  in  their  report  state  that  the  single  question  submitted  to  them 
w4s,  “  How  best  the  wishes  of  the  late  Mr.  Cawthron,  with  regard  to  the  Cawthron 
Institute,  can  be  practically  carried  out.” 

The  report  sets  out  the  summarized  decision  of  the  Commission  in  the  following 
terms  : — 

“  Decision  of  the  Commission. 

“  As  the  result  of  our  inquiries  and  deliberations  we  are  unanimously  of  the 
opinion — 

“1.  That  the  wishes  of  the  late  Thomas  Cawthron  will  be  most  suitably  given 
effect  to  by  the  establishment  of  an  Institute  in  or  near  the  City  of  Nelson,  to  be  called 
the  Cawthron  Institute. 

“  2.  That  a  museum  illustrative  in  the  widest  sense  of  the  industries  of  Nelson 
Provincial  District  be  an  integral  part  of  the  Institute. 

“  3.  That  the  chief  scope  of  the  work  of  the  Institute  should  be  instruction  in  and 
performance  of  scientific  research,  as  suggested  by  the  trustees  ;  such  research  to  be 
definitely  related  to  the  industries  of  Nelson  and  of  the  Dominion. 

“  4.  That,  inasmuch  as  agriculture  is  and  is  likely  to  remain  for  many  years  the 
most  important  industry  both  of  Nelson  and  of  the  Dominion,  the  research  work  should 
in  the  first  instance  bear  chiefly  upon  this  industry,  and  in  particular  upon  fruitgrowing. 

“  5.  That  provision  should,  however,  be  made,  as  funds  permit,  for  systematic 
research  on  other  subjects — e.g.,  the  chemistry,  physics,  and  biology  of  soils  ;  the 
development  ,pf  forest  lands,  including  reafforestation  ;  the  utilization  of  clays  and 
other  minerals  ;  the  fishing  industry  ;  and  such  other  subjects  as  may  from  time  to 
time  be  deemed  important  and  worthy  of  study. 

“We  believe  that  an  institution  upon  this  plan  would  have  a  most  important 
bearing  on  the  material  welfare  and  educational  progress  of  Nelson  and  of  the  Dominion. 
It  would  be  an  industrial  and  technical  school  in  the  true  sense  of  the  word,  teaching 
effectively  the  application  of  science  to  our  national  industries.  Hitherto  research 
work  in  New  Zealand  has  been  to  a  large  extent  of  a  spasmodic  nature.  Members  of 
the  staffs  of  our  University  colleges,  Government  officers,  students,  and  others  have 
devoted  such  of  their  time  as  could  be  spared  from  routine  work  to  the  carrying-out  of 
scientific  investigation,  but  there  has  been  in  New  Zealand  no  institution  in  which 
properly  organized  research  has  been  the  main  function  of  the  institution.  We  do  not 
desire  to  underrate  the  value  of  the  results  hitherto  obtained,  and  we  appreciate  to  the 
full  the  difficulties  under  which  New  Zealand  investigators  have  as  a  rule  carried  out 
their  work,  but  we  believe  firmly  that  in  an  institution  designed,  equipped,  financed, 
and  organized  for  scientific  research  results  can  be  far  more  effectively  obtained  than 
under  the  haphazard  sj^stem  at  present  prevailing. 

“  We  desire  to  emphasize  the  educational  importance  of  an  institute  such  as  we 
are  recommending.  We  consider  that  the  value  of  research  as  a  factor  in  education 
has  been  quite  insufficiently  recognized  in  New  Zealand  and  throughout  the  British 
Empire.” 

It  then  proceeds  to  develop  the  scheme,  recommending  the  recognition  of  the 
following  bodies  :  (a)  The  trustees,  ( b )  the  Advisory  Board,  (c)  the  Director,  (d)  the 
staff. 
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Provision  is  then  made  for  the  constitution  of  the  Advisory  Board,  in  the  appoint¬ 
ment  of  which,  besides  the  trustees  of  the  Board  of  Agriculture,  the  scientific  branch 
of  the  Nelson  Institute  and  the  Governors  of  the  New  Zealand  Institute  have  a  voice. 
The  functions  of  the  Board  are  purely  advisory.  The  Director  is  to  be  a  man  of 
scientific  training,  preferably  having  special  knowledge  in  the  application  of  chemistry 
and  agricultural  problems.  The  staff  should  include,  if  possible,  a  chemist,  a  plant 
pathologist,  a  plant  physiologist,  an  economic  zoologist,  a  geologist,  an  orchardist,  a 
secretary  (who  would  act  as  librarian),  and  other  assistants  and  helpers. 

The  scheme  proposed  includes,  under  the  head  “  Higher  Technical  Education,” 
the  institution  of  various  scholarships,  and  of  “  Cawthron  Fellowships  ”  ;  then  arrange¬ 
ments  as  to  Industrial  Fellowships,  National  Research  Scholarships,  and  other  encourage¬ 
ments  to  research.  Arrangements  enabling  duly  accredited  students  to  work  in  the 
Institute,  and  for  advanced  scientific  investigators  to  pursue  researches  there,  and 
other  arrangements  tending  to  assist  the  maturing  of  students  in  economic  branches  of 
scientific  study  and  tending  to  facilitate  the  following-up  of  scientific  research  within 
the  limits  contemplated  by  the  testator,  are  worked  out. 

I  think  the  scheme  indicated  by  the  report  may  be  described  as  both  comprehensive 
and  elastic,  and  may  be  characterized  as  one  which  the  trustees  could  adopt  with  great 
advantage  both  to  Nelson  and  to  the  Dominion,  if  it  falls  within  the  terms  of  the  trust 
declared  by  the  will. 

In  furtherance  of  the  scheme,  as  interpreted  by  the  trustees,  they  have  purchased 
a  site  comprising  20  acres  in  the  outskirts  of  Nelson,  which  is  probably  adequate  for 
all  the  purposes  of  the  Institute  in  connection  with  teaching  and  research,  and  to  a 
considerable  extent  for  experimental  purposes,  though  no  doubt  at  a  future  date  further 
land  may  be  required  for  farming  and  forestry  experiments. 

I  am  satisfied  that  the  scheme  set  out  in  the  report  does  in  its  main  features  fall 
within  the  limits  of  the  testator’s  intentions.  The  trust  is  somewhat  inartificially 
worded,  and  it  might  admit  of  other  forms  of  institute  being  founded  ;  but  that  is 
immaterial,  as  it  is  not  lacking  in  breadth  of  expression.  “An  industrial  and  technical 
school  institute  and  museum  ”  means  a  school  institute  and  museum  having  those 
attributes.  An  ethnological  museum  would  not  come  within  the  definition,  nor  would 
a  school  of  music,  nor  an  institution  for  the  study  of  astrophysics ;  but  an  establishment 
in  the  nature  of  a  school  institute  and  museum  which,  whether  in  the  shape  of  teaching 
or  of  research,  gives  complete  prominence  to  industrial  and  technical  matters  is  within 
the  trust,  and  once  within  the  trust  it  is  for  the  trustees  to  determine  the  relative 
prominence  to  be  given  to  such  subjects  as  school  institute  and  museum,  if  they  are  to 
be  regarded  as  separate  branches.  What  may  be  termed  the  clumsy  feature  of  the 
definition  is  that  the  word  “  institute  ”  appears  in  the  middle  of  the  enumerated  objects 
instead  of  at  the  beginning  of  the  phrase.  That  becomes  apparent  when  regard  is  paid 
to  the  title  of  the  institute,  which  follows.  That  circumstance,  however,  does  not  affect 
the  interpretation  of  the  clause,  the  aim  of  such  interpretation  being  to  discern  and 
give  effect  to  the  testator’s  wishes.  Looked  at  in  this  way,  “  institute  ”  is  a  word  of 
wide  import  qualified  by  the  adjectives  “  industrial  ”  and  “  technical,”  while  “  school  ” 
and  “  museum  ”  are  specific  features  of  the  Cawthron  Institute  regarded  as  a  whole. 
The  term  “  institute  ”  is  not  qualified  by  the  terms  “  school  ”  and  “  museum,”  which 
are  parts  of  the  institute  to  be  created  under  the  title  “  The  Cawthron  Institute,”  but 
they  are  qualified  as  the  term  “  institute  ”  is  qualified  by  the  terms  “  industrial  ”  and 
“  technical.” 

The  report  of  the  Commission  describes  an  institute  which  is  industrial  and  technical. 
It  also  describes  an  included  school.  It  also  provides  for  a  museum,  which  may  be 
expected  to  grow  up  in  a  natural  way  as  the  institution  progresses.  The  museum  must 
be  expected  to  grow  up  as  an  industrial  and  technical  museum,  but  the  well-known 
tendency  of  such  institutions,  especially  where  gifts  are  received  or  purchases  have 
to  be  made  en  bloc,  is  in  some  measure  to  exceed,  or  apparently  exceed,  these  restric¬ 
tions.  The  trustees,  however,  have  to  be  relied  on  to  see  that  no  substantial  expendi¬ 
ture  is  incurred  on  acquisitions  which  are  not  within  the  trust. 

Only  two  objections  have  been  made  by  the  Solicitor-General  to  the  scheme  as 
formulated  by  the  Commissioners.  These  do  not  affect  the  scheme  as  a  whole,  but  only 
certain  details  in  connection  with  the  establishment  of  scholarships. 

Since  the  receipt  of  the  report  the  trustees  have  in  some  measure  modified  the 
scheme,  and  their  modification  has  in  some  degree,  but  not  wholly,  removed  the  grounds 
of  objection. 

In  the  scheme  set  out  in  the  report  were  included  Nelson  Scholarships.  A  scholar¬ 
ship  of  £50,  tenable  for  three  years,  was  proposed  to  be  offered  to  that  candidate  from 
the  Nelson  Provincial  District  who  stands  highest  in  the  credit  list  of  the  University 
Entrance  Scholarship  Examination.  The  objection  to  this  preference  was  seen  by  the 
trustees,  who  now  propose  to  replace  this  by  a  scheme  of  minor  scholarships  which 
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they  publish.  Incidentally,  I  notice  that  the  substituted  scheme  purports  to  be 
published  by  the  authority  of  “  The  Trustees  of  the  Cawthron  Institute  of  Scientific 
Research,”  Nelson.  It  must  be  borne  in  mind  that  the  official  title  of  the  institution 
as  settled  by  the  testator  is  “The  Cawthron  Institute”  simply,  and  it  would  be  well 
to  keep  to  that  title,  whatever  descriptive  matter  may  be  separately  added. 

Under  the  amended  scheme  certain  essentials  are  to  be  observed,  thus  : — 

“1.  Every  candidate  for  the  Minor  Scholarship  must  sign  a  document  embodying 
the  following  conditions  : — 

“  (1.)  That  he  is  a  British  subject, 

“  (2.)  That  in  the  event  of  his  being  a  successful  candidate  he  will  forthwith 
matriculate  at  a  University  college  and  study  for  the  B.Sc.  degree  of  the 
University  of  New  Zealand. 

“(3.)  That  he  will,  after  graduation,  accept  (if  offered)  a  Cawthron  Scholarship 
of  £150  per  annum  and  pursue  his  studies  for  not  less  than  two  years  at  the 
Cawthron  Institute. 

“  2.  The  Minor  Scholarship  shall  be  awarded  on  the  science  papers  of  the  University 
Scholarship  Entrance  Examination. 

“  3.  Candidates  may  sit  for  the  examination  in  scientific  subjects  only — viz., 
mathematics,  physics,  chemistry,  and  botany.  The  two  papers  in  physics  shall  count 
as  one  subject.  The  marks  to  be  awarded  for  each  of  these  subjects  shall  be  the  same  ; 
and  a  candidate  may  take  not  less  than  two  or  more  than  three  of  these  subjects. 

“  4.  The  marks  obtained,  together  with  a  criticism  of  the  work  of  the  first  three 
candidates  in  each  subject,  shall  be  forwarded  to  the  Advisory  Board.  The  Board  shall 
then  recommend  that  candidate  for  election  who  appears  to  give  the  greatest  promise 
of  being  useful  to  the  Institute. 

“  5.  Preference  in  the  selection  of  a  scholar  shall  be  given  ( ceteris  paribus)  to  candi¬ 
dates  from  Nelson  and  Marlborough. 

“  6.  The  Minor  Scholarship  shall  be  of  the  value  of  £80  per  annum  plus  the  fees 
for  attendance  at  University  classes  up  to  the  amount  of  £25  per  annum.  The  tenure 
of  the  Scholarship  shall  be  three  years  ( quam  diu  se  bene  gesserit). 

“7.  If  in  the  opinion  of  the  trustees  it  is  deemed  advisable  that  the  candidate 
should  remain  at  the  University  college  for  a  fourth  year  they  will  extend  the  Minor 
Scholarship  for  a  fourth  year  ;  but  this  year  shall  not  count  as  one  of  the  years  at 
the  Cawthron  Institute.” 

To  paragraph  5  the  same  objection  is  raised  as  was  raised  to  the  original  scheme, 
and  I  think  that  that  objection  must  prevail.  If  the  trustees  were  at  liberty  to  narrow 
the  scope  of  the  trust  in  this  way  by  giving  a  preference  to  Nelson  and  Marlborough 
scholars  it  might  be  open  to  them  to  narrow  it  in  more  objectionable  ways.  There  is 
nothing  to  suggest  that  such  a  preference  was  contemplated  by  the  testator,  and  I  do 
not  think  that  the  trustees  can  fetter  themselves  in  this  way. 

The  other  question  is  a  more  difficult  one.  It  refers  to  the  same  supplemental 
regulations.  The  Solicitor-General  argues  that  it  is  not  competent  for  the  trustees  to 
subsidize  a  student  of  another  college — that  if  there  is  to  be  teaching  the  trustees  must 
provide  for  their  own  teaching.  The  argument  in  effect  is  that  paragraphs  6  and  7 
authorize  expenditure  beyond  what  was  contemplated  by  the  testator  when  founding 
a  school  or  an  institute.  I  have  come,  with  regret,  to  the  conclusion  that  this  objection 
must  prevail.  It  was  probably  contemplated  by  the  testator  that  the  institute  and 
school  would  have  a  local  habitation  at  Nelson  ;  it  was  necessarily  contemplated  by  him 
that  it  would  be  locally  fixed  somewhere.  If  the  trustees  could  carry  out  this  part  of 
the  proposed  scheme,  involving  delocalization  and  dispersal  not  merely  of  the  institute 
but  of  the  school,  it  is  difficult  to  say  where  they  could  be  compelled  to  arrest  the  process. 
One  can  imagine  the  introduction  of  a  system  of  administering  the  trust  on  these  lines 
which  would  make  it  less  and  less  like  the  institute  contemplated  by  the  testator. 

I  come  to  this  conclusion  with  regret  because  I  can  see  that  on  its  merits  there  is 
much  to  recommend  the  proposal,  calculated  as  it  is  to  facilitate  finding  and  fostering 
young  aspirants  of  the  type  best  calculated  to  advance  the  interest  of  the  Institute.  I 
cannot  but  see,  however,  that  it  involves  too  great  a  straining  of  what  we  know  from 
the  terms  of  the  will- — and  to  that  source  alone  we  are  entitled  to  look — to  have  been 
in  the  testator’s  contemplation. 

1.  In  my  opinion  the  first  question  put  by  the  summons  cannot  be  specifically 
answered,  but  a  sufficient  answer  appears  in  what  I  have  said  with  reference  to  the 
second. 

■  2.  The  answer  to  the  second  question  is  that  the  trustees  are  empowered  by  the  will 
to  establish  an  institute  having  for  its  present  object  scientific  research  upon  the  lines 
indicated  by  the  report  of  the  Commissioners  filed  in  this  proceeding,  but  subject  to 
the  objections  I  have  indicated. 

The  costs  of  the  Attorney-General  are  fixed  and  allowed  at  £31  10s.  The  costs  of 
the  trustees  are  allowed,  after  taxation,  out  of  the  estate. 
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REVIEWS  AND  ABSTRACTS. 

New  Zealand  Plants  and  their  Story,  by  L.  Cockayne.  New  Zealand 

Board  of  Science  and  Art,  Manual  No.  1 ,  pp.  xvi,  248,  113  fig. 

Cloth,  7s.  6d.,  paper,  5s. 

Nine  years  ago  was  published  a  book,  New  Zealand  Plants  and  their  Story , 
by  Dr.  Cockayne,  F.R.S.  The  supply  having  been  exhausted  for  some  con¬ 
siderable  time,  and  there  being  still  a  wide  demand  for  it,  a  second  edition 
has  just  been  published.  The  subject  is  treated  in  the  same  popular  way 
as  in  the  first  book,  but  the  matter  has  been  rearranged,  largely  rewritten, 
and  augumented,  so  that  the  present  is  practically  a  new  book.  The  first 
edition  was  issued  by  the  Education  Department,  the  second  as  the  first 
number  of  a  manual  series  by  the  Board  of  Science  and  Art. 

Dr.  Cockayne  first  introduces  the  plants  by  telling  in  brief  the  story 
of  the  great  botanists  who  first  made  known  the  wonders  of  the  New 
Zealand  flora,  and  pays  the  tribute  of  genius  to  genius  in  his  admiration 
and  appreciation  of  their  work.  In  the  present  volume  his  own  work  intro¬ 
duces  us  to  quite  a  different  side  of  botanical  study.  Up  till  comparatively 
recent  years  it  was  considered  sufficient  to  describe  the  plants,  classify 
them,  anatomize  them  and  describe  their  structure,  record  their  habitats  ; 
but  Dr.  Cockayne  has  attempted  to  show  how  they  have  come  to 
occupy  their  present  habitats,  how  their  present  form  and  characteristics 
have  been  acquired  and  the  relation  they  bear  to  their  habitat,  how  plants 
five  in  associations  or  communities,  how  these  communities  are  affected 
and  modified  by  the*  contact  of  man  and  other  animals  and  by  other 
plants  :  he  tells  us,  in  fact,  the  biographies  of  the  plants — or,  rather,  he 
records  as  much  of  their  autobiographies  as  the  plants  themselves  can  be 
induced  to  tell,  and  fills  in  somewhat  of  the  gaps  where  they  are  silent. 
He  analyses  the  various  forms  assumed  by  plants,  showing  their  relation 
to  one  another  and  to  their  surroundings.  In  this  comparatively  new 
science,  the  science  of  plant  ecology,  Dr.  Cockayne  is  one  of  the  pioneers, 
and  is  recognized  as  such  throughout  the  scientific  world. 

Starting  at  the  sea-coast,  he  takes  us  inland,  describing  the  various 
forms  that  are  found  on  the  coast  itself,  on  the  coastal  dunes,  in  the  salt 
swamps,  the  salt  meadows,  the  fresh-water  swamps.  He  takes  us  through 
the  forests  and  shows  the  many  wonderful  adaptations  of  the  plants  to 
cope  with  the  varying  conditions  in  which  they  are  placed  ;  he  shows  the 
relation  of  the  tree  and  shrub  forms,  and  draws  attention  to  the  strange 
differences  of  form  through  which  certain  of  the  trees  pass  as  they  grow  from 
the  seedling  to  the  mature  tree.  Through  the  forests  and  on  to  the  grass¬ 
lands,  lowland  and  mountain  ;  on  to  the  broad  shingle-beds  ;  on  to  the  rocky 
mountain-sides,  the  mountain-tops,  we  accompany  him,  and  hear  him,  as 
it  were,  thinking  as  he  walks  along,  admiring  and  inquiring.  He  shows 
meadows  in  creation,  forests  in  destruction.  He  takes  us  to  the  outlying 
islands,  and  shows  us  how  their  vegetation  differs  from,  and  how  it 
resembles,  that  of  New  Zealand.  He  speaks  of  the  methods  of  classification 
and  naming  of  plants,  and  removes  the  scientific  aloofness  by  using  popular 
names  as  well  as  scientific,  and  inventing  popular  names  where  they  do  not 
exist. 

He  traces  the  relation  of  New  Zealand  plants  with  those  in  other  parts 
of  the  world,  shows  the  distribution  of  the  varieties  through  certain 
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defined  areas,  and  notes  the  possible  connection  of  New  Zealand  at  varying 
times  with  Malaya,  Australia,  South  America,  Antarctica. 

In  accompanying  Dr.  Cockayne  through  these  living  regions  of  New 
Zealand  vegetation  one  is  led  by  no  ordinary  guide.  One  becomes  so 
conscious  of  the  habits,  peculiarities — the  individualities — of  the  plants 
as  to  regard  them  as  more  than  objects  of  mere  botanical  arrangement 
and  classification.  They  reveal  much  of  the  very  life  of  the  land  itself.  It 
requires  genius  to  open  the  doors  on  nature’s  secret  ways,  and  to  lighten  the 
eyes  of  others  so  that  they  too  may  see  the  secrets  almost  in  actual  work¬ 
ing  ;  and  in  reading  this  book  unsuspected  doors  do  open— undreamed-of 
vistas  appear,  some  dim  and  uncertain,  all  inviting.  It  is  these  dim 
vistas  that  will  attract  many  ;  these  entrances  to  yet  unexplored  regions, 
developed  through  uncounted  ages  of  time  ;  and  there  is  no  least  doubt 
that  many  students  will  be  stimulated  by  this  book  to  pursue  lines  of  study 
hitherto  almost  untouched.  One  such  vista  has  been  explored  by  the 
Rev.  J.  E.  Holloway,  D.Sc.,  of  Hokitika — the  development  of  the  club- 
mosses — and  to  this  Dr.  Cockayne  refers  with  warranted  enthusiasm. 
Another  such  vista  is  opened  by  the  manner  in  which  many  New  Zealand 
plants,  about  two  hundred  in  number,  differ  at  various  stages  of  their  growth 
— sometimes  differ  very  greatly ;  a  remarkable  fact  being  that,  whilst 
some  of  them  exhibit  the  phenomena  in  New  Zealand,  they  do  not  do  so 
elsewhere,  as  if  the  phenomena  were  in  some  way  connected  with  New 
Zealand  itself — the  question  being,  how  ?  There  is  the  existence  of  forms 
like  the  edelweiss  :  is  it  not  remarkable,  considering  that  the  New  Zealand 
species  belongs  to  quite  a  different  geau  from  the  true  Alpine  edelwei  s, 
that  the  forms  should  be  so  similar  ?  The  book  gives  glimpses  of  many  such 
vistas  ;  some  Dr.  Cockayne  points  out  ;  from  some  he  lifts  a  corner  of  the 
veil ;  some,  to  which  he  does  not  refer,  suggest  themselves.  It  could  be 
wished  that  Dr.  Cockayne’s  own  explorations  in  these  by-paths  might  be 
made  known  in  as  popular  and  charming  a  manner  as  are  the  subjects 
treated  in  this  book.  A  popular  error  is  refuted  :  it  is  usually  supposed 
that  the  introduced  plants  displace  and  destroy  the  indigenous  ;  it  appears 
that,  except  where  the  latter  have  first  been  interfered  with  by  man, 
animals,  or  fire,  the  introduced  plants,  even  those  vigorous  growths  called 
weeds,  are  powerless  to  displace  them,  powerless  even  to  gain  a  footing  in 
their  midst. 

It  is  said  that  science  is  unimaginative — that  imagination  will  betray 
the  scientist  into  the  regions  of  the  fanciful  and  fantastic.  Without  imagina¬ 
tion,  science  is  dead ;  without  it,  the  scientist  is  devoid  of  originality,  is 
incapable  of  inciting  another  mind.  It  is  not  so  with  Dr.  Cockayne  :  whilst 
endowed  with  the  wide  knowledge  of  the  scientist,  he  also  looks  at  nature 
with  the  eyes  of  the  poet ;  and  it  is  for  this  reason  that  nature  has  revealed 
to  him  hints  of  so  many  marvels  ;  it  is  for  this  reason  that  he  is  able  to 
convey  some  glamour  of  the  revelation  to  others. 

Not  only  is  Dr.  Cockayne  fully  alive  to  the  wonders  and  beauties  of 
growth  and  form,  but  he  is  also  alive  to  their  practical  value.  His  remarks 
on  pastures  should  be  read  by  every  agriculturist.  He  has  on  many  occa¬ 
sions  been  requested  by  the  Government  to  report  on  certain  botanical  areas, 
on  sand-dune  reclamation,  and  he  is  at  present  engaged  in  an  extensive 
examination  of  the  tussock  country  of  the  South  Island,  with  a  view  to 
ascertaining,  if  possible,  how  the  pastures  may  be  renewed  or  improved. 
That  he  is  alive,  too,  to  the  beauty  of  the  vegetation  he  knows  so  thoroughly 
is  shown  not  only  by  the  fine  descriptions  of  scenes  the  book  contains,  but 
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also  by  bis  constant  references  to  the  many  beautiful  flower  forms  that 
abound  in  these  Islands,  and  by  the  numerous  characteristic  and  often 
beautiful  photographs,  mostly  his  own  taking,  that  illustrate  the  book. 

The  writer  cannot  speak  as  a  botanist  ;  but  it  may  be  permissible  in 
a  layman  to  appreciate  the  work  of  genius,  more  especially  when  the  subject 
is  dealt  with  in  so  lucid  and  interesting  manner  that  the  layman,  in  reading, 
is  almost  persuaded  he  may  know  something  of  the  matter,  and  is  quite 
persuaded  it  were  good  to  know  more.  J.  C.  A. 

A  Review  of  the  Albatrosses,  Petrels,  and  Diving  Petrels,  by  L.  M. 

Loomis,  Proc.  Calif.  Acad.  Sci.,  ser.  4,  vol.  2,  pt.  2,  No.  12,  187  pp., 
17  pi.,  1918. 

This  paper,  which  forms  part  of  the  scientific  report  of  the  Expedition 
of  the  California  Academy  of  Sciences  to  the  Galapagos  Islands,  deals 
particularly  with  the  birds  of  that  group,  but  gives  a  great  amount  of 
information  of  interest  to  ornithologists  in  New  Zealand,  including  a  historical 
sketch  of  our  knowledge  of  albatrosses  and  petrels,  an  account  of  the 
geographical  distribution,  and  a  discussion  of  migration  and  variation.  In 
discussing  the  subspecies  question,  the  author  remarks  that  it  has  served  a 
highly  useful  purpose  in  revealing  to  ornithologists  geographical  variation, 
which  is  a  variation  within  the  limits  of  the  species ;  but  he  considers  that 
the  subspecies  theory  has  outlived  its  usefulness  and  should  be  discarded. 

As  regards  geographical  distribution,  two  super-areas  are  recognized — the 
Northern,  including  all  Northern  Hemisphere  seas,  exclusive  of  the  Gala¬ 
pagos  Islands,  and  the  Southern,  including  the  Southern  Hemisphere  waters, 
with  the  Galapagos  Islands.  The  Southern  super-area  is  divided  into  three 
areas — the  Circumpolar,  the  Indo-Pacific,  and  the  South  Atlantic  ;  and  it 
is  interesting  to  observe  that  New  Zealand,  including  Stewart  Island  and 
Chatham  Islands,  falls  into  the  Indo-Pacific  area,  while  the  subantarctic 
islands  of  New  Zealand  belong  to  the  Circumpolar  area.  Within  the  areas 
there  are  again  subareas,  one  of  which  is  formed  by  New  Zealand,  with  nine¬ 
teen  species,  and  another  by  the  Kermadecs,  with  seven  species ;  while  the 
Macquarie  subarea  of  the  Circumpolar  area,  with  fifteen  species,  embraces 
the  Macquarie,  Campbell,  Auckland,  Antipodes,  Snares,  and  Bounty  Islands. 
Five  species  only  are  common  to  the  New  Zealand  and  Macquarie  subareas. 

The  albatrosses  and  petrels  exemplify  every  cardinal  aspect  of  bird- 
migration,  including  some  phases  that  are  wanting  in  birds  whose  lives  are 
more  intimately  connected  with  the  land.  The  author  believes  that  the 
causes  of  bird-migration  are  ascertainable  facts  and  not  impenetrable 
mysteries  lying  beyond  the  domain  of  scientific  inquiry,  and  he  is  very 
severe  on  tc  the  magic  words  4  sense  of  direction,’  4  instinct,’  ‘  inherited  but 
unconscious  experience.’  ”  He  maintains — (1.)  That  bird-migration  had  its 
origin  in  the  evolution  of  the  seasons,  and  that  it  is  now  the  adjustment 
of  the  bird  population  to  the  seasons.  (2.)  That  a  large  part  of  migration 
occurs  independently  of  an  immediate  failure  of  food  ;  that  inheritance 
involves  at  most  an  innate  desire  for  travel ;  that  the  young  learn  to 
migrate  through  the  example  of  the  adults  ;  that  the  adults  are  guided 
by  physical  phenomena  over  areas  that  experience  has  rendered  familiar  ; 
that  'migration  in  its  finality  becomes  in  each  bird  an  impelling  habit  ; 
therefore  a  bird  that  has  passed  the  stage  of  dependency  migrates  because 
it  was  born  of  a  race  of  migrants,  and  has  followed  the  example  of  its  elders 
until  migration  has  become  second  nature  J.  A.  T. 
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The  History  of  the  New  Zealand  Fiordland,  with  a  Reference  to 
the  History  and  Development  of  the  Dominion,  by  the  Hon.  Sir 

Thomas  Mackenzie,  K.C.M.G.  Scottish  Geographical  Magazine ,  vol.  35, 
pp.  121-29,  ills.,  1919. 

This  is  a  readable  account  of  explorations  between  Milford  Sound  and 
the  cold  lakes,  in  which  the  author  took  a  leading  part.  The  article  is 
introduced  by  four  pages  of  statistical  and  general  descriptive  matter 
referring  to  New  Zealand  as  a  whole. 

The  Two-handed  Clubs  of  the  Maoris,  by  H.  D.  Skinner.  Journ.  Boy. 
Antlirop.  Inst.,  vol.  48,  pp.  198-211,  1918. 

The  long-handled  Maori  clubs,  pouwhenua,  taiaha,  and  tewhatewha,  are 
shown  to  have  common  characteristics,  probably  due  to  descent  from  a 
common  ancestor,  and  this  ancestor  would  appear  to  be  the  paddle.  The 
principal  steps  in  the  evolution  of  all  three  weapons  appear  to  have  taken 
place  outside  New  Zealand.  What  may  probably  be  regarded  as  primitive 
forms  standing  near  the  line  of  ancestry  occur  in  Niue  and  the  Solomons. 
A  related  Easter  Island  form  is  noted.  .  H.  D.  S. 

The  Coal  Industry,  (of  New  Zealand),  Report  of  the  New  Zealand  Board 
of  Trade.  20th  May,  1919.  Pari,  paper  H.-44a.  108  pp.  and  12  pp. 

of  views.  Price  3s.  N.Z.  Government  Printer,  Wellington. 

This  valuable  report  is  the  outcome  of  a  Warrant  issued  under  the  Cost 
of  Living  Act,  1915.  The  Board  of  Trade  was  assisted  by  Professor 
Hight,  M.A.,  of  Christchurch,  who  acted  as  assessor  of  the  economic  facts 
adduced,  and  also  by  Mr.  Hurst  Seager,  architect,  who  investigated  the 
housing-conditions  and  made  recommendations  on  town-planning  lines. 
The  report  suffers  from  omissions  and  inaccuracies,  which  are  more  in  the 
spirit  than  the  letter,  and  a  formidable  list  could  be  presented  by  a  strict 
reviewer  ;  but  a  truer  appreciation  tells  that  it  is  an  unusually  complete 
and  able  investigation,  whose  greatest  value  lies  in  the  fact  that  it  breaks 
virgin  ground,  and  may  well  set  a  new  standard  for  future  Commissions  and 
inquiries  in  this  country. 

The  report  begins  with  a  general  survey  of  the  industry,  which  is  merely 
a  compilation  from  existing  publications.  From  this  we  note  that  about 
2,100,000  tons  of  coal  are  produced  yearly  in  New  Zealand  by  4,000  workers, 
of  whom  3,000  are  employed  below  ;  that  the  West  Coast  fields  produce 
1,000,000  tons  (or  50  per  cent.)  of  this,  and  also  the  best  coal  mined  in  the 
Dominion,  being  a  bituminous  coal  of  very  high  quality  ;  that  the  output 
increased  fairly  regularly  up  to  1914,  since  when  it  has  decreased  slightly  ; 
that  the  imports  amounted  to  500,000  tons  in  1914  and  the  exports  to 
300,000  tons,  but  that  in  1918  these  had  fallen  to  255,000  and  186,000,  so 
that  the  Dominion  had  altogether  for  home  consumption  2,500,000  tons 
in  1914  and  2,100,000  tons  in  1918.  It  is  irritating  to  notice  that  the  coal 
analyses  prepared  by  Dr.  Maclaurin,  Dominion  Analyst,  give  the  calorific 
value  and  evaporative  power  in  unspecified  units,  which  prove  to  be  a 
mixture  of  calories  per  gramme  and  pounds  from  and  at  212°  F.,  and  that 
the  unscientific  and  ridiculous  procedure  is  followed  of  multiplying  these 
last  by  60  per  cent,  to  give  some  unknown  value  called  “  evaporative 
power.”  In  Table  9  the  substitution  of  a  comma  for  a  decimal  point  startles 
one  by  the  assertion  that  2,058  tons  are  consumed  annually  per  head  (should 
read  2-058)  ;  and  why  any  rational  being  should  bother  to  prepare  logarithmic 
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graphs  of  coal  production  and  consumption  (ordinary  graphs  are  also  given) 
is  beyond  the  ken  of  this  reviewer. 

The  cost  of  production  of  coal  forms  the  first  phase  of  the  Board’s  investi¬ 
gation,  and  voluminous  figures  are  given.  Unfortunately,  each  mine  is 
referred  to  by  a  letter  only,  which  letter  varies  in  the  different  tables,  hence 
considerable  difficulty  arises  in  co-ordinating  the  figures.  Any  one  at  all 
versed  in  the  industry  could  probably  trace  out  the  various  mines  easily, 
and  so  the  real  utility  of  this  secrecy  is  doubtful.  Surely  it  would  have  been 
sufficient  to  group  the  Westport,  Urey,  Waikato,  and  southern  fields.  The 
published  information  does  not  enable  the  relative  outputs  and  values  of 
household,  steam,  and  slack  coal  to  be  gauged,  and  the  report  generally  is 
mainly  concerned  with  household  coal  only. 

The  average  cost  of  production  at  the  mine  has  increased  from  about 
12s.  per  ton  in  1914  to  17s.  in  1918,  of  which  the  direct  labour-costs 
increased  by  about  Is.  3d.,  and  formed  roughly  50  per  cent,  of  the  total. 
The  figures  vary  so  much,  however,  that  an  average  is  of  little  value.  While 
it  is  probable  that  the  output  per  miner  per  year  was  less  in  1918  than  it 
would  have  been  if  the  1914  standard  of  diligence  had  been  maintained,  this 
is  not  susceptible  of  actual  rigid  proof  and  can  have  had  but  little  influence 
on  the  increased  cost  of  production.  The  cost  of  freight  and  distribution 
form  such  a  large  proportion  of  the  total  cost  of  coal  in  New  Zealand  that 
the  output  and  wages  of  the  miner  have  little  influence  on  the  selling-costs, 
unless  carried  to  unusual  limits. 

The  conclusions  are  arrived  at  that  there  has  been  no  undue  profits 
made  by  any  coal -mining  company  in  New  Zealand  during  the  last  few 
years ;  that  the  freight  charges  of  the  shipping  company  are  less  than  are 
being  charged  by  other  and  foreign  companies ;  that  both  the  wholesale  and 
retail  distributor  could  fairly  look  for  a  better  return  than  they  are  receiving  ; 
and  that  the  price  of  coal  can  be  reduced  only  by  improved  and  more 
economical  methods  of  mining,  transport,  and  distribution.  The  detail 
recommendations  hardly  promise  to  effect  much  in  this  direction,  but  the 
suggestion  that  a  Coal  Board  should  be  set  up  is  a  far-reaching  one.  It  is 
suggested  that  the  existing  companies  should  be  consolidated  under  the 
directorship  of  a  Coal  Board  of  five  members — two  appointed  by  the  existing 
companies,  two  by  the  employees,  and  one  by  the  Crown.  The  details  are 
vague,  but  it  is  impossible  to  disguise  the  fact  that  the  intention  is  to  take 
over  compulsorily  the  interests  of  the  shareholders  and  pay  for  them  by 
shares  in  a  new  concern,  the  management  of  which  will  be  in  alien  hands 
and  the  profits  of  which  will  be  reduced  by  bonuses  to  employees  on  a 
profit-sharing  principle.  This  arbitrary  action  is  probably  justified  by  the 
fact  that  the  companies  have  certainly  failed  to  create  such  conditions  of 
housing  and  living  as  would  attract  and  hold  labour,  and  possibly  the  real 
interests  of  the  shareholders  will  be  benefited  by  the  creation  of  what  is 
virtually  a  trust,  which  will  presumably  undertake  its  own  sea  transport 
and  wholesale  and  retail  distribution.  It  is  doubtful  whether  the  un¬ 
restricted  importation  of  foreign  coals,  which  is  recommended  as  a  necessary 
safeguard,  will  entirely  curb  the  monopolistic  power  of  the  combine,  but  the 
situation  to-day  is  desperate  enough  to  demand  a  desperate  remedy. 

It  is  regrettable  that  no  engineer  was  associated  with  the  Board  of 
Trade  in  this  inquiry,  as  the  question  of  transport  hinges  largely  on  the 
'construction  of  a  new  harbour  at  Point  Elizabeth,  with  big  steamers  and 
power  loading  and  discharging  apparatus  at  the  main  ports,  and  this  ques¬ 
tion  has  been  entirely  ignored  ;  as  also  has  been  the  question  of  powdered 
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fuel,  briquetting,  improved  locomotive  and  stationary  boiler  design,  colloidal 
fuel,  and  all  such  devices  to  render  the  use  of  slack  economically  possible. 

Unfortunately  the  great  value  of  this  full  report  cannot -be  indicated 
in  this  inadequate  review  ;  but  those  who  are  aware  of  the  previous  dark¬ 
ness  will  appreciate  the  light  shown  on  this  intricate  and  little-understood 
industry.  S.  H.  J. 


CORRESPONDENCE. 

Introduced  Plants. 

(The  following  extract  from  a  personal  letter  is  of  general  interest. — Ed.) 

I  have  just  seen  in  the  September  number  of  the  N.Z.  Journal  of  Science 
and  Technology  a  most  interesting  note  on  the  introduction  of  foreign 
animals  and  plants  to  New  Zealand,  and  I  would  say  that  I  am  very  glad 
to  see  that  you  are  now  perfectly  aware  of  the  danger  threatening  your 
native  flora  and  fauna  from  all  sorts  of  pests  introduced  by  foolish  people, 
entirely  ignorant  of  the  consequences  of  such  introduction  of  foreign  organ¬ 
isms.  During  my  all-too-short  stay  in  your  wonderfully  interesting  and 
charming  country  it  was  a  constant  sorrow  to  me  to  see  the  pitiful  trans¬ 
formation  of  natural  scenery  brought  about  by  the  devastation  of  the 
native  forest,  and  the  contemporaneous  spreading  of  plants  from  anywhere 
—gums  from  Australia,  oaks  from  Europe,  willows  and  gorse  from  England, 
cypresses  from  California  !  As  I  said  in  a  lecture  I  gave  in  Palmerston 
North  to  the  Naturalists’  Club,  if  a  naturalist  was  transported  without  his 
knowledge  to  New  Zealand  he  would  probably  believe  that  he  was  in  a 
curious  sort  of  hybrid  country,  seeing  this  mix-up  of  plants  from  anywhere 
and  none  of  those  belonging  to  the  country  itself — and  that  in  a  country 
where  you  have  such  glorious  native  trees  as  the  rimu,  the  pohutukawa, 
and  many  many  others,  both  trees  and  flowering-shrubs.  .  . 

What  has  been  done  to  your  native  plants  is  certainly  a  shame.  I 
think  such  introduction  of  foreign  plants  or  animals  should  be  regarded 
as  a  real  crime,  and  of  the  worst  kind.  I  hope  you  will  not  take  ill  these 
remarks  from  a  foreign  naturalist,  who  loves  your  country. 

(Dr.)  T.  Mortensen. 

Universitetets  Zoologiske  Museum,  Copenhagen,  17th  December,  1918. 


Waipoua  Kauri  Forest. 

Sir, — In  your  May  issue,  reviewing  Waipoua  Kauri  Forest ,  its  Demar¬ 
cation  and  Management ,”  it  is  mentioned,  44  The  value  of  the  present  stand 
of  timber  will  be  used  up  in  getting  the  forests  into  working-order.”  That, 
however,  is  not  so.  It  should  be  noted  that  the  £500,000  worth  of  work 
estimated  to  be  waiting  over  at  Waipoua  includes  not  only  the  getting  of 
the  forests  into  working-order,  but  the  logging  and  sawing  of  the  timber  ; 
so  that  against  this  £500,000  worth  of  expenditure  there  is  the  value  of  the* 
sawn  timber,  which  may  be  taken  as  between  two  and  three  times  the  value 
of  the  timber  standing  uncut  in  the  forest.  p>  jy  Hutchins. 

Khandallah,  30th  June,  1919. 
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RATE  OF  GROWTH  OF  TREES  IN  RELATION  TO 

FORESTRY. 

A  Criticism  of  Mr.  E.  Maxwell’s  Paper. 

By  Sir  D.  E.  Hutchins. 

In  the  text-books  a  broad  distinction  is  drawn  between  arboriculture  (the 
study  of  individual  trees)  and  forestry  (the  production  of  timber  from  the 
culture  and  grouping  of  trees  in  the  mass).  When  a  student  takes  a  course 
in  forestry  at  a  university,  the  basic  fact  that  he  first  grasps  is  that  arbori¬ 
culture  and  forestry  are  distinct.  In  one  the  unit  of  growth  is  per  tree, 
in  the  other  it  is  the  volume  production  of  timber  per  unit  of  area. 

Actually  the  quality  and  quantity  of  the  timber  depends  more  on 
sylviculture  than  on  the  species  concerned  :  thus  the  important  Southern 
Timber  Association  of  America  has  decided  to  throw  the  various  pitch- 
pines  together  and  classify  by  annual  rings  and  cleanness  of  timber.  This 
means  that  in  the  timbermen’s  yards  one  of  the  slowest-growing  of  pines, 
longleaf  ( Pinus  palustris),  ranks  the  same  as  Pinus  heterophylla  (Cuban 
pine),  which  is  one  of  the  fastest,  rivalling,  as  I  have  shown  in  my 
report,  New  Zealand  Forestry ,  just  published,  insignis  pine  in  rate  of 
growth,  and  producing  a  much  better  timber. 

There  are  two  good  reasons  why  in  New  Zealand  there  must  be  intro¬ 
duced  trees  more  fast-growing  than  the  native  :  (1.)  There  is  the  small 

area  of  New  Zealand  and  its  trees,  set  against  the  trees  of  the  rest  of  the 
world  having  a  climate  not  too  far  removed  from  that  of  New  Zealand. 
As  will  be  seen  later,  the  position  is  somewhat  similar  in  the  British 
Isles,  and  to  a  less  extent  on  the  Continent  of  Europe.  It  is  exactly 
similar  in  South  Africa.  (2.)  Certain  species  coming  from  hard  conditions 
of  drought  or  cold  in  their  native  country,  transplanted  into  the  fertile, 
forcing  New  Zealand  climate,  will,  for  a  time  at  any  rate,  show  an  extra¬ 
ordinarily  rapid  growth.  Of  such  are  the  insignis  pine,  the  common 
macrocarpa  cypress,  and  Pinus  Torreyana,  the  latter  as  yet  but  little 
planted. 

Mr.  Maxwell  is  no  doubt  aware  of  the  distinction  between  arbori¬ 
culture  and  forestry,  but  it  is  not  clear  that  he  has  fully  realized  its  import¬ 
ance  ;  for,  after  giving  us  his  experience  of  the  rapid  growth  of  various 

1 — Science. 
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introduced  trees,  usually  as  single  trees  grown  in  the  open,  he  draws  the 
conclusion  that  these  trees  are  the  only  practicable  ones  for  the  economic 
production  of  timber.  To  prove  his  case  he  wants  figures  of  volume- 
growth  per  acre  of  close  forest,  and  he  has  none  to  offer.  His  standard  of 
timber-production  per  tree  is  not  the  standard  of  scientific  forestry,  which 
is  timber-production  per  acre  of  normal  forest.  Thus,  in  looking  at  the 
growth  of  the  native  trees  and  the  introduced  trees,  a  large  discount  has 
to  come  off  the  growth  of  the  introduced  trees,  because  most  of  them 
belong  to  the  class  known  in  forestry  as  “  light-demanders,”  while  the 
native  trees  as  a  whole  belong  to  the  class  known  as  “  tolerant,”  or 
“  shade-bearers.”  This  means  -that  two  or  three  of  the  native  trees  may 
flourish  in  the  light ,  and  consequently  the  forest  space,  of  one  of  the  introduced 
trees . 

There  is  the  evidence  of  an  experienced  bush-expert,  Mr.  Luxford,  of 
Hamilton,  that  in  one  instance  rimu  natural  regrowth  (in  the  forest  near 
Greymouth)  has  yielded  a  growth-figure  per  acre  estimated  at  30,000  super¬ 
ficial  feet  in  30  years. ^  This  works  out  to  a  forester’s  timber-growth 
figure  (“  acrim  ”)  of  167  cubic  feet.  So  good  a  volume-growth  is  seen  only 
occasionally  in  Europe,  where  a  gross  acrim  of  150  cub.  ft.  is  the  maximum 
over  any  large  area* 

The  light  and  space  in  the  forest  required  by  various  trees  will  be 
found  discussed  in  the  forestry  text-books,  but  more  especially  in  a  par¬ 
ticularly  good  American  Bulletin,  Forest  Service,  No.  92,  Light  in 
Relation  to  Tree-growth,  Washington,  1911.  This  pamphlet  is  strongly 
edited,  the  authors  being  Professor  R.  Zon,  an  eminent  American  forester, 
and  Dr.  H.  S  Graves,  the  head  of  the  American  Forest  Service.  It 
mentions  that  six  European  yew-trees  ( Taxus  haccata)  will  flourish  in  the 
light  (forest  space)  required  by  one  European  birch — Betula  alba. 

Again,  I  know  by  long  experience  that,  even  in  the  bright  light  of  the 
latitude  of  the  extreme  north  of  New  Zealand,  if  blue -gum  be  planted  in 
forest  clearings  even  a  very  small  proportion  of  shade  will  stunt  or  quite 
stop  its  growth.  At  the  same  time.,  I  have  a  photo  taken  in  the  New 
Zealand  forest  where  rimu  and  other  native  trees  are  seen  growing  with 
full  vigor  in  a  light  which  my  standard  photometer  showed  was  about 
one-sixtieth  full  daylight,  apart  from  sunlight.  Of  course,  photo-chemical 
rays  are  not  the  same  as  the  rays  utilized  by  growing  vegetation,  but  in 
the  solar  spectrum  the  intensity  of  one  may  fairly  be  taken  as  an  index 
of  the  intensity  of  the  other. 

It  is  true  that  the  growth  of  individual  trees  in  the  open  is  an  indication 
of  the  growth  of  trees  in  dark  close  forest,  and  just  to  that  extent  the 
growth-figures  discussed  by  Mr.  Maxwell  have  value.  In  his  first  table, 
called  E,  he  compares  the  growth  of  indigenous  trees  in  New  Zealand 
with  the  growth  of  foreign  trees  in  foreign  countries.  Now,  a  practised 
forester  perceives  at  once  that  the  native  New  Zealand  trees  grow  faster 
than  the  common  timber-trees  of  Europe  taking  each  in  their  own  forests ; 
and  to  prove  his  point  he  will  refer  to  the  standard  yield  tables  of  modern 
forest  science,  such  as  those  of  Weise,  of  which  German-English  translations 
have  been  published  and  which  are  partly  reproduced  in  Professor  Schlich’s 
Manual  of  Forestry.  But  Mr.  Maxwell’s  table  E  does  not  do  this  ;  its 
authorities  are  merely  the  individual  opinions  of  certain  writers  of  more  or 
less  value,  according  to  circumstances. 
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Table  F  purports  to  show  the  time  required  by  various  trees  to  reach 
1  ft.  in  diameter  ;  but  the  trees  shown  have  grown  under  conditions  so 
different  that  a  comparison  has  little  value.  Most  of  the  introduced  trees 
cited  belong  to  the  light-demanding  class  grown  in  the  open  or  in  sparse 
forest ;  and  these  are  compared  with  kauri  grown  as  a  forest-tree  or  grown 
in  the  open  where  the  conditions  are  not  favourable  to  it  and  where  it 
often  refuses  to  grow  at  all.  *  Thus  the  comparison  is  not  valid.  Quite 
commonly  kauri  growth-rings  show  that  the  sapling  tree  in  the  forest  was 
dominated  and  occupied  many  years  in  slowly  making  its  way  through  the 
dense  under-forest.  It  is  quite  common  to  see  kauri  logs  with  an  average 
of  thirty  to  fifty  rings  per  inch  of  radius  at  the  heart,  and  only  six  to  ten 
rings  per  inch  of  radius  afterwards. 

Mr.  James  Stewart,  famous  for  his  study  of  the  Auckland  Domain  native 
trees,  relates  in  the  Transactions  of  the  New  Zealand  Institute ,  vol.  38,  how 
a  rimu  planted  in  the  Auckland  Domain  in  1865  and  felled  in  1904  had 

a  girth  of  3  ft.  9  in.  By  examining  the  growth-rings  it  was  found  that 

the  tree  had  taken  12  years  to  reach  a  diameter  of  2  in.,  but  this  was 

succeeded  by  a  rapid  rate  of  increase  in  the  next  10  years  amounting  to 

J  in.  in  diameter  per  annum. 

The  popular  quick-growing  introduced  trees,  on  the  other  hand,  are 
generally  those  which  grow  quickly  at  first.  I  could  take  Mr.  Maxwell 
to  a  tree-stump  in  the  particularly  fine  eucalypt  plantations  of  Mr.  Davison, 
Culverden,  Canterbury,  and  there  show  him  the  premier  fast-growing  gum- 
tree  of  New  Zealand  up  to  this  time,  Euc.  viminalis,  at  fifty  years  of  age 
growing  at  the  rate  of  the  average  kauri-tree  at  the  same  age.  Again,  the 
Forest  Commission  Report  of  1913  gave  a  figure  of  totara  growth-rings 
intended  to  prove  the  slow  growth  of  this  tree.  Sir  W.  Schlich  analysed 
the  photo  and  showed  that  the  growth  of  the  totara  was  slow  only  at  first. 
In  after-years  it  grew  as  quickly  as  the  fast-growing  Douglas  fir. 

Further,  the  actual  measurements  on  Mr.  Maxwell’s  table  F  are  too 
diverse  in  their  origin  to  be  legitimately  comparable.  Foresters  measure 
trees  in  one  way,  but  timbermen,  farmers,  and  amateurs  in  various  ways. 
A  cursory  inspection  of  table  F  shows  incongruities.  Larch  comes  out  at 
the  bottom  of  the  list  ;  but  larch  nearly  always  grows  fast  at  first  (the 
period  treated  in  this  table) — in  many  instances  as  fast  as  insignis  pine. 
It  is  later  that  it  fails.  That  is  what  one  sees  in  the  millions  of  larch 
unfortunately  planted  in  the  Government  timber  plantations.  Such 
behaviour  is  to  be  expected  with  exotic  trees  put  into  too  warm  a 
climate  :  it  happened  in  Europe  100  years  ago  with  larch. 

Pinus  Benthamiana  and  Pinus  ponder osa,  it  may  be  noticed,  figure  in 
this  list  as  two  trees  with  different  rates  of  growth.  Actually  they  are 
the  same  tree  under  different  names  ! 

Table  G  is  a  continuation  of  table  F,  taking  eucalypts  only.  Thirty- 
four  species  measured  by  eight  observers  (possibly  in  eight  different  ways) 
are  thrown  together,  with  all  their  varying  qualities  and  rates  of  growth, 
and,  as  might  be  expected,  they  come  out  topsy-turvy.  The  quick¬ 
growing  spotted  gum  ( Euc .  maculata )  is  at  the  bottom  of  the  list,  taking 
29-8  years  to  grow  1  ft.  in  diameter,  while  the  slow-growing  E.  amygdalina 
is  at  the  top,  growing  1  ft.  in  diameter  in  9-2  years.  The  slow-growing 
Euc.  paniculata  makes  1  ft.  diameter  growth  in  13  years,  while  Euc. 
pilularis,  the  champion  fast-growing  gum  of  eastern  Australia,  takes 
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14*9  years,  and  karri  ( Euc .  diversicolor ),  the  fastest  grower  of  Western 
Australia,  takes  16-6  years. 

The  paper  concludes  with  a  diagram  founded  on  the  lists.  The  exact 
value  of  the  lists  and  diagram,  however,  are  of  little  consequence  to  the 
main  issue,  which  may  be  stated  thus  : — 

(1.)  The  five  chief  native  timber-trees  of  New  Zealand  in  their  forests 
grow  faster  than  the  five  chief  timber-trees  of  Europe  in  their  forests. 

(2.)  Certain  introduced  trees  (macrocarpa  cypress,  insignis  and  two  or 
three  other  pines,  and  five  or  six  choice  eucalypts)  have  been  growing  well  in 
New  Zealand  (and  *so  far  without  serious  disease)  for  over  half  a  century  ; 
these  as  individual  trees  certainly  grow  faster  than  the  native  trees,  and  in 
dense  forest  grow  faster  at  first  than  the  native  trees.  This,  I  think,  is 
substantially  what  Mr.  Maxwell  wishes  to  prove,  and  on  this  he  concludes 
“  it  would  be  an  utterly  hopeless  undertaking  to  attempt  to  provide  even  a  small 
portion  of  our  future  needs  in  timber  by  growing  native  trees.”  This  state¬ 
ment  rather  begs  the  question,  because  it  is  not  man  that  grows  the  native 
trees,  but  a  singularly  bountiful  Nature  ;  and  as  long  as  there  are  no  costs 
of  planting  plus  interest  on  the  native  trees,  it  does  not  much  matter  if 
they  do  take  considerably  longer  to  produce  their  timber  than  costly  and 
doubtful  exotics. 

Mr.  Maxwell  is  an  enthusiastic  planter — would  that  there  were  more 
like  him  in  New  Zealand  !  If  there  were,  New  Zealand  might  not  be  losing 
between  £1,000,000  and  £2,000,000  a  year  over  indiscriminate  forest  alien¬ 
ation.  It  is  not  criticism  that  scientific  forestry  has  to  fear  in  New 
Zealand,  but  apathy  ! 

Nevertheless,  enthusiasm  must  be  tempered  with  cold  facts.  Thus,  if 
New  Zealand  had  its  normal  forest  area  of  16,000,000  acres  to  plant  up , 
this,  at  the  actual  cost  of  the  Government  timber  plantations  in  the  past, 
would  mean  an  expenditure  of  16,000,000  acres  multiplied  by  £65  (actual 
cost  plus  interest)  =  £1,040,000,000  :  say,  the  cost  of  a  dozen  wars  like 
the  last  ! 

If  New  Zealand  had  the  normal  forest  area  of  the  wealthiest  and  most 
populous  part  of  the  world — central  Europe — 25  per  cent,  of  the  total  land 
area  would  be  under  forest — viz.,  an  area  of  16,000,000  acres.  With  so 
much  mountain  ground,  and  further  areas  of  poor  soil,  particularly  sand- 
drifts  and  river-beds,  together  with  those  areas,  such  as  the  west  coast  of 
the  South  Island,  where  the  climate  makes  forestry  easily  the  most  pro¬ 
ductive  crop,  it  is  unlikely  that  the  considered  forest  policy  of  New 
Zealand  will  embrace  a  less  area  than  16,000,000  acres.  Japan,  with  a 
mountainous  country  like  New  Zealand,  has  resolved  on  a  forest  area  of 
65  per  cent,  of  its  total  area,  and  to  achieve  this  is  planting  up  at  an 
incredible  rate. 

Unfortunately  for  timber-planting  in  New  Zealand,  the  ever-increasing 
cost  of  labour  is  making  timber  plantations  almost  impossible  financially. 
The  actual  cost  of  the  Government  timber  plantations  has  been  £13  per 
acre.  There  are  deductions  and  additions  to  this  figure  for  better-organized 
work,  but  one  may  take  £13  as  an  all-round  figure.  The  average  maturity- 
age  will  be  not  less  than  40  years  :  £1  at  4  per  cent,  interest  for  40 
years  becomes  nearly  £5  :  so  that  £13  X  5  =  £65,  the  cost  per  acre  with 
interest  of  the  Government  plantations.  Over  £2,000,000  has  been  sunk  on 
the  Government  timber  plantations  to  date. 
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In  recent  years  economies  have  been  effected,  but,  on  the  other  hand, 
necessary  work  such  as  full  fire -protection  and  labourers’  houses  has  been 
left  undone,  and  the  cost  of  labour  is  ever  rising  ;  so  that  it  will  be  probably 
correct  to  estimate  £65  per  acre  as  the  gross  inclusive  cost  of  full  timber¬ 
planting  in  the  future.  Thus,  as  above,  we  have  16,000,000  acres  X  £65 
==  £1,040,000,000.  New  Zealand  at  this  date  has  10J  million  acres  of 
Government  forest,  besides  a  large  area  of  Maori-owned  forest,  and  a 
still  larger  area  of  forest  alienated  without  demarcation,  which  must  be 
reforested  to  render  the  land  productive.  To  think  of  turning  the  in¬ 
digenous  forests  of  New  Zealand  to  forests  of  introduced  trees  straight 
away  is  a  proposal  only  worthy  of  Don  Quixote  !  Nature  may  do  this 
gradually  in  the  future  as  the  introduced  trees  spread  themselves  in  the 
native  forest. 

In  the  meantime  it  will  be  right  to  lay  down  full  plantations  of  intro¬ 
duced  trees  in  certain  places.  There  are  areas  near  towns  where,  even  on 
good  soil,  suburban  forests  with  their  high  returns  can  be  established,  and 
these  will  have  to  be  all  of  introduced  trees.  But  with  regard  to  the 
general  question,  whether  it  is  more  economical  to  plant  introduced  trees 
at  the  cost  of  some  £65  per  acre,  or  to  work  the  native  forest  by  inter¬ 
planting  “  standards  ”  and  by  thinning  out  the  mature  trees,  there  can  be 
no  doubt.  The  Forest  League  has  published  figures  showing  that  after 
twenty-four  years’  work  and  sinking  over  £2,000,000  the  Government 
plantations,  if  they  turn  out  well,  may  provide  •§ f-Q  of  the  forest  requirements 
of  the  country,  reckoned  either  by  area  or  by  timber.  How  far  each  (the 
native  forest  or  plantations  of  introduced  trees)  can  produce  timber  most 
economically  can  only  be  solved  by  a  study  of  the  circumstances  of  each 
case  ;  and  when  this  is  done  systematically,  and  by  experts  able  to  look 
into  the  future  of  the  forest  for  a  hundred  years  hence,  one  gets  to  the 
forest  “  working-plan.”  The  working-plan  provides  for  just  as  much  plant¬ 
ing  as  is  necessary  and  no  more.  That  is  briefly  the  forest  policy  of  every 
civilized  forest  country. 

In  Europe,  though  the  native  forest-trees  grow  on  an  average  only 
about  half  as  quickly  as  those  in  New  Zealand,  the  planting  of  exotics  in 
the  forest  makes  scarcely  any  progress.  There  are  many  exotics  which 
would  give  a  better  return  than  the  native  trees,  but,  except  in  a  restricted 
sense,  this  better  return  is  considered  not  worth  the  risk  and  expense. 
Unwin’s  Future  Forest  Trees  gives  a  good  account  of  what  the  Germans 
have  done,  and  Huffel’s  Economie  forestiere  of  what  the  French  have  done. 
IT  Introduction  des  essences  exotiques  en  Belgique,  by  Comte  Visart  and 
Charles  Bommer  (75  Rue  Terre-Neuve,  Brussels,  1909),  is  a  Belgian  treatise 
which  will  well  repay  perusal,  because  the  Belgians  have  not  got  the  fine 
native  forests  of  the  French  and  Germans,  and  therefore  look  with  a  more 
favourable  eye  on  exotics.  The  general  position  in  central  Europe  is  that 
quick-growing  exotic  timbers  such  as  Douglas  fir  would  give  a  yield-figure 
certainly  larger  than — perhaps  double — that  of  the  native  trees.  In  Europe, 
any  time  during  the  last  hundred  years,  individual  trees  growing  many 
times  as  fast  as  the  average  forest-tree  could  be  cited.  I  have  seen  ash  in 
cultivation  on  a  rich  alluvial  soil  in  the  Rhine  Valley  growing  5  ft.  per  year 
(Journal  of  a  Forest  Tour,  p.  65).  As  a  forest-tree  its  average  may  be 
not  much  more  than  6  in.  Specially-bred  poplars  on  rich  soil  show  a 
similar  growth  Or,  to  take  the  same  tree  grown  isolated  or  in  the  forest  : 
in  a  close  plantation  of  blue-gums  on  the  Nilgiris,  India,  under  forest 
conditions  the  diameter-growth  was  about  one-eighth  that  of  a  blue-gum 
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in  the  open.  The  good  timber  comes  from  the  forest-grown  tree  ;  the 
gum-tree  in  the  open  may  be  coarse  timber  only  fit  for  firewood  or  fencing- 
posts.  I  have  seen  many  such  that  would  not  pay  the  expense  of  cutting 
up  for  firewood. 

In  the  British  Isles,  where  there  are  practically  no  natural  forests,  and 
where  now  new  forests  are  to  be  made  at  an  expense  of  £15,000,000  as  a 
measure  of  war-insurance,  exotic  trees  will  no  doubt  be  largely  used.  They 
may  yield  double  or  treble  that  of  the  native  trees,  so  that  there  is  only 
their  riskiness  against  their  general  adoption.  The  subject  will  be  found 
discussed  in  Transactions  of  the  Royal  Scottish  Arhoricultural  Society  for  July, 
1915.  Dr.  Henry  there  points  out  that  four  exotics — Douglas  fir,  Sitka 
spruce,  giant  thuya,  and  the  European  larch — may  be  expected  to  yield  a 
200  acrim — viz.,  an  average  yield  of  200  cub.  ft.  per  acre  per  year.  Now, 
the  native  trees  in  European  forests  do  not,  over  any  large  area,  have  an 
acrim  exceeding  150  (spruce  forests  of  Saxony),  while  the  general  average 
probably  does  not  exceed  an  acrim  of  70  cub.  ft.  In  spite  of  this,  no 
European  forester,  not  even  those  holding  the  most  revolutionary  ideas 
in  forestry,  has  ever  proposed  to  cut  down  the  native  forests  and  replace 
them  by  quicker-growing  exotics.  European  foresters  are  proceeding 
cautiously  and  gradually,  working  in  exotics  here  and  there  according  to 
circumstances.  New  Zealand  can  do  no  more. 

There  are  people,  however,  who  say  it  matters  little  to  New  Zealand 
what  is  the  forest  policy  of  other  countries  ;  and  one  may  consider  that 
point  of  view,  though  it  sounds  shallow,  because  the  New  Zealand  bush, 
for  practical  purposes,  is  the  same  as  the  South  African  bush,  and  that 
has  been  successfully  managed  on  the  European  forest  system  for  one- 
third  of  a  century. 

Risk  in  planting  Exotic  Trees. — After  the  expense  of  planting  exotic 
trees  comes  the  risk.  The  introduced  trees  in  New  Zealand,  and  in  every 
country,  carry  a  heavy  risk.  We  can  introduce  flowers,  and  fruits,  and 
vegetables,  and  find  out  just  what  they  are  worth  in  a  few  years.  The 
forester  has  to  wait  hundreds  of  years  before  he  can  know  the  exact  value 
of  introduced  trees.  He  cannot  spray  or  cultivate  ;  he  is  left  entirely  in 
the  hands  of  Nature  ;  and  at  any  time,  perhaps  after  several  centuries, 
Nature  may  turn  on  him  and  make  his  introduced  trees  worthless.  This 
has  actually  happened  with  Pinus  strobus  in  Europe  and  Pinus  pinea  in 
South  Africa.  Each  did  very  well  for  about  a  couple  of  centuries  ;  now 
they  are  so  badly  attacked  by  fungoid  diseases  that  as  forest-trees  they  are 
worthless.  England  surpasses  every  country  in  the  world  in  the  number 
of  its  introduced  trees,  but  the  history  of  English  arboriculture  teems 
with  promising  introductions  that  have  failed  after  some  years.  Thus 
foresters  in  every  country  go  slow  with  exotics. 

When  all  is  said,  discussion  about  the  rate  of  growth  of  native  and 
introduced  trees  is  mainly  academical.  In  practice  the  difference  is  effaced 
by  various  economical  circumstances.  A  native  forest  on  soil  of  low  value 
may  produce  little  timber,  but  with  no  capital  sunk  on  it  there  is  no  loss. 
Every  plantation  in  a  country  of  costly  labour  is  heavily  weighted.  The 
wild  forest  in  a  state  of  nature  is  earning  nothing — growth  balances  decay  ; 
but  as  soon  as  it  is  skilfully  worked  it  starts  making  a  timber  increment. 
Banish  fire  and  grazing,  and  it  is  safe  to  say  that  for  every  tree  cut,  nature 
provides  two  or  three  to  replace  it.  On  the  other  hand,  if  Wellington 
wanted  a  suburban  forest  like  those  of  Brussels  or  Paris,  and  were  to  set 
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to  work  to  plant  the  poor  hills  stretching  up  between  the  Tinakori  Road  and 
Johnson ville,  all  the  trees  would  be  of  introduced- species.  Native  trees 
would  have  no  chance  of  being  grown  there  economically. 

In  restoring  a  kauri  forest  it  is  doubtful  whether  a  ful]  plantation  of 
kauri-trees  could  be  made  economically  ;  but  interplanting  a  few  standards 
in  the  native  bush  could  certainly  be  done  to  yield  large  profits. 

Again,  if  it  were  required  to  produce  the  present  imported  railway- 
sleepers  in  New  Zealand,  nothing  could  touch  gum-trees  in  the  north  for 
this  purpose.  Or  again,  if  it  came  to  planting  the  sandy  peninsula  in  the 
extreme  north  of  New  Zealand,  here  only  gum-trees  and  introduced  pines 
would  be  used.  On  the  other  hand,  to  destroy  average  native  forest  on 
poor  soil,  instead  of  working  and  improving  it,  as  is  done  in  other  countries, 
is  surely  sheer  waste — a  repetition  of  Charles  Lamb’s  roast  pig  ! 

Shortly  after  I  came  to  New  Zealand  I  heard  about  the  trees  in  the 
Auckland  Domain,  and  at  the  end  of  1916  measured  them,  the  result  being 
given  in  my  report  on  New  Zealand  forestry  referred  to  above.  Near  the 
native  trees  in  the  Domain  are  introduced  trees  growing  two  or  three  times 
as  fast.  At  the  bottom  of  my  notes  I  wrote,  “  Plant  the  introduced  trees, 
conserve  the  native  trees.”  That  seems  to  be  the  only  conclusion  that 
can  be  drawn  from  either  Mr.  Maxwell’s  measurement  or  mine. 

The  jarrah  forests  of  Western  Australia  (on  which,  to  our  shame,  New 
Zealand  railways  are  now  mostly  run)  have  at  their  best  an  average  stand 
of  about  one-sixth  that  of  the  millable  forest  of  New  Zealand.  The  new 
Forest  Act  is  designed  mainly  for  the  conservation  and  improvement  of  the 
jarrah  forests.  When  introducing  the  Bill  the  Hon.  R.  T.  Robinson,  K.C., 
in  his  historical  speech  said,  “  Let  honourable  members  not  mistake  me. 
There  is  no  planting.  This  [improved]  stand  of  trees  is  obtained  solely  by 
the  art  and  by  the  craft  of  the  forester.” 


A  SCIENCE  INSTITUTE  FOR  WELLINGTON. 

By  Sir  Robert  Stout. 

What  an  enormous  change  has  taken  place  in  reference  to  education  during 
the  past  thirty  years  in  our  Empire  !  There  is  talk  now  everywhere  of  the 
need  of  the  teaching  of  science  and  of  the  endowment  of  research.  There 
are  more  demands  made  now  on  our  Minister  of  Finance  for  funds  for 
education  than  the  most  sanguine  educationist  could  have  dreamt  of  thirty 
years  ago.  It  is  sometimes  well  to  look  back  and  see  the  land  from  which 
we  have  come.  It  may  not  be  uninteresting  to  deal  with  the  proposal 
which  was  not  carried  in  1887. 

In  1879  the  need  of  higher  education  was  felt  amongst  many  educationists, 
and  ultimately  a  Commission  was  appointed  to  consider  the  needs  of  the 
colony  so  far  as  University  colleges  were  concerned.  The  report  of  that 
Commission  was  that  there'  should  be  two  new  University  colleges  started 
in  New  Zealand,  one  in  Auckland  and  one  in  Wellington.  At  this  time  the 
Otago  University  had  been  open  for  about  eight  years,  and  the  Canterbury 
College  for  about  four  years,  and  they  were  both  doing  good  work 
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So  far  as  university  education  was  concerned,  there  had  been  an  attempt 
to  utilize  secondary  schools  as  University  colleges,  but  this  scheme  had  not 
been  successful,  hence  the  appointment  of  the  Commission.  Nothing  was 
done  under  the  report  of  this  Commission  until  1882,  when  the  Auckland 
University  College  Act  was  passed,  and  provision  made  for  the  endowment 
of  a  college  situated  in  the  City  of  Auckland.  In  1887  I  proposed  to 
Parliament  a  Bill  to  found  a  University  college  in  the  City  of  Wellington. 
The  main  provision  in  that  Bill  which  made  it  different  from  the  statutes 
that  had  been  passed  to  found  the  other  University  colleges  was  that  it 
proposed  that  all  the  scientific  work  of  the  Government  should  be  done  by 
the  Wellington  University  College,  and  that  it  should  have  the  control  of 
the  Geological  Survey  and  the  Government  Chemical  Department,  both  in 
the  Geological  and  Meteorological  Departments  ;  that  the  Colonial  Museum 
should  be  vested  in  the  college  and  placed  under  its  management ;  and 
that  as  the  scientific  wants  of  the  country  increased  they  were  to  be  supplied 
by  this  Wellington  University  College.  At  that  time  the  Government  was 
paying  a  considerable  amount  of  money  for  geological  survey,  for  public 
analysis  of  soils,  &c.,  and  also  providing  for  research.  The  whole  of  the 
scientific  work  of  the  Government  was  to  be  handed  over  to  the  Wellington 
University  College.  In  order  that  the  Government  should  have  some 
control  of  this  college  the  Minister  of  Education  was  to  be  ex  officio  a 
member  of  the  Council.  There  was  to  be  a  Warden — in  some  universities 
he  is  termed  the  Principal,  or  Rector— and  the  Warden  of  the  college  was 
to  be  Sir  James  Hector,  who  was  the  Director  of  Geological  Survey  in  New 
Zealand.  He  was  to  hold  office  as  Warden  during  the  time  he  held  the 
office  of  Director  of  the  Geological  Survey,  but  afterwards  the  Warden 
was  to  be  elected  by  the  Professorial  Board.  The  Museum  and  the  land 
on  which  it  was  situated  were  to  be  handed  over  to  the  college.  There  was 
nearly  an  acre  of  land.  The  college  was  also  to  have  the  colonial  University 
endowments  that  had  been  set  aside  in  the  Provincial  Districts  of  Wellington 
and  Taranaki,  consisting  in  all  of  14,000  acres  of  land,  and  any  funds  that 
had  accrued  from  rents  from  those  endowments  were  also  to  be  paid  to  the 
college.  The  college  was  also  to  obtain  £1,500  a  year  for  seven  years  for 
the  college  maintenance,  and  the  moneys  usually  voted  for  scientific  pur¬ 
poses  by  the  Government  were  to  be  handed  over  to  the  college  for 
expenditure. 

The  idea  of  this  University  college  was  that  it  was  to  be  mainly  a 
scientific  institution,  and  to  undertake  all  the  scientific  work  that  had 
been  and  was  likely  to  be  done  by  the  Government.  It  was  thought 
that  this  proposition  would  be  economical — the  colony  requiring  economy 
in  its  then  state  of  finance — whilst  at  the  same  time  it  would  give 
opportunities  for  youths  in  the  Wellington  Provincial  District  to  obtain 
university  education. 

The  £1,500  allotted  was  to  be  spent  mainly  on  the  arts  side,  and  it  was 
expected  that  on  the  scientific  side  the  votes  given  annually  by  the  Govern¬ 
ment  for  the  museums,  geological  staff,  &c.,  and  the  rents  from  the  endow¬ 
ments,  would  be  sufficient  to  meet  the  expenses  of  a  modern  University 
college  with  science  as  its  predominant  feature. 

This  Bill  was  passed  by  the  House  of  Representatives  by  a  considerable 
majority,  but  it  was  defeated  in  the  Legislative  Council.  A  strange  fact  is 
that  of  the  members  present  in  the  Council  at  the  vote  which  shelved  the 
Bill  there  is  only  one  member  alive,  and  he  was  in  favour  of  the  Bill  going 
on.  All  the  rest  have  passed  away.  This  being  so,  it  is  not  seeming  that 
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their  conduct  should  be  criticized.  In  the  House  of  Representatives  there 
was  considerable  opposition,  mainly  on  what  was  termed  economic  grounds. 

It  was  not  made  a  party  question,  and  of  the  opponents  of  the  measure  in 
the  House,  who  numbered  twenty,  not  one  of  them  is  now  alive.  Of  those 
who  supported  the  measure  there  are  four  alive. 

It  was  considered  that  those  engaged  in  geology,  chemistry,  and  biology 
could,  either  as  professors  or  instructors,  do  university  work  for  at  least 
six  months  in  the  year,  while  the  rest  of  the  year  they  could  be  employed 
in  research  work  and  in  field  work.  No  effort  was  made  afterwards  to 
revive  the  scheme  of  1887. 

In  1894  an  Act  wras  passed  called  “  The  Middle  District  of  New  Zealand 
University  College  Act,”  and  a  University  college  was  founded,  but  the 
Government  declined  to  give  it  any  assistance,  and  the  Act  was  repealed 
by  the  Victoria  College  Act,  1897.  Victoria  College  was  instituted  by  that 
statute. 

Since  1887  the  expense  of  the  colony  on  scientific  work  has  greatly 
increased.  The  Museum  vote  in  1918  was  £4,151,  the  Chemical  Laboratory 
£5,743,  Geological  Survey  £4,215,  and  for  science  beyond  these  the  vote 
was  at  least  £2,000  or  £3,000  more.  There  have  also  been,  almost  every 
year,  other  special  votes.  But  what  perhaps  is  more  important  to  the 
Dominion  is  that  these  scientific  Departments  give  no  aid  to  the  teaching 
of  our  youth.  I  held  the  opinion  in  1887,  and  I  hold  it  now,  that  it  would 
have  been  a  wise  thing  for  New  Zealand  to  have  had  a  large  scientific 
institute  or  University  college  situated  in  Wellington  that  could  have  done 
all  the  research  work  and  technical  work  required  by  the  various  Govern¬ 
ment  Departments,  and  which  at  the  same  time  should  have  been  a  teaching 
institution.  Some  aid  could  have  been  got  from  students  doing  research 
work  when  they  were  not  engaged  in  their  studies  during  the  University 
session,  and  the  whole  of  the  scientific  work  of  the  colony  could  have  been 
more  co-ordinated  than  it  is  now.  There  would  have  been  one  great 
Chemical  Department,  a  great  Geological  Department,  one  Agricultural 
Department,  and  one  Biological  Department,  and  with  these  various  Depart¬ 
ments  a  great  impetus  would  have  been  given  to  scientific  research,  and  a  * 
great  impetus  given  to  science  generally  in  the  whole  of  New  Zealand. 

However,  the  majority  of  the  Legislative  Councillors  in  1887  thought 
they  knew  better.  Some  of  them  opposed  the  University  Act  on  the  ground 
that  the  colony  could  not  afford  to  pay  for  the  higher  education  ;  others 
did  it  apparently  on  the  ground  that  the  higher  education  was  not  necessary 
for  New  Zealand  ;  and  perhaps  it  may  be  only  charitable  to  assume  that 
there  were  no  other  reasons  for  opposition  to  this  scheme  for  an  Institute 
of  Science  in  the  capital  of  New  Zealand.  Whether  it  is  possible  now  to 
revive  that  scheme  is  for  the  Parliament  to  consider.  In  my  opinion  it 
would  be  the  most  economical  thing  to  do  now.  The  establishment  of  such 
an  institution  would  not  interfere  with  scientific  work  for  University  colleges, 
but  it  would  be  an  economical  gain  to  the  Government  were  there  one  large 
Science  University  in  Wellington  with  the  several  divisions  that  I  have 
mentioned — namely,  Biology,  Chemistry,  Geology,  and  Agriculture,  in¬ 
cluding  dairying,  aboriculture,  and  horticulture.  I  am  convinced  that  if 
such  an  institution  were  established  it  would  be  carried  on  for  many  years 
to  come  at  no  greater  expense  than  the  colony  is  now  paying  for  its  science 
in  Wellington — I  mean  the  cost  of  science  to  the  Victoria  University  College 
and  the  cost  of  science  to  the  various  Departments  that  have  science  under 
their  control. 
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NOTES  ON  SOME  AVIAN  HAEMATOZOA  OBSERVED 

IN  NEW  ZEALAND. 

By  A.  B.  Dore. 

During  the  systematic  examination  of  blood-films  from  various  birds  in 
the  North  Island,  extending  over  a  period  of  several  years,  two  varieties 
of  malarial  parasites  were  observed  in  imported  birds. 

Halteridium  (D anile wskyi)  of  the  Song-thrush  ( T urdus  musicus). 

The  infected  birds  were  shot  at  Kimihia,  sixty  miles  south  of  Auckland, 
on  the  3rd  February,  1917.  Blood-films  were  prepared  direct  from  the  heart, 
fixed  in  absolute  alcohol,  and  stained  by  the  Giemsa  method.  As  all  the 
birds  were  shot  in  the  bush  it  was  impossible  to  study  the  parasites  in  the 
living  state.  The  blood-films  were  stained  and  examined  two  weeks  later. 

The  adult  parasites  appeared  as  halter-shaped  bodies  lying  within  the 
erythrocytes  and  embracing  the  nuclei  on  one  side,  frequently  occupying 
two-thirds  of  the  host  cell.  The  average  measurements  of  the  halteridia 
were  as  follow  :  Length,  10  y  ;  breadth,  L6  y,  to  3’2  /x. 

The  halteridia  often  showed  a  marked  constriction  facing  the  host  nucleus, 

whilst  the  ends  of  the  parasites  were  considerably  broader.  The  nuclei  of  the 

halteridia,  which  were  usually  central  in 

position,  were  very  irregular  in  shape, 

and  did  not  alwavs  retain  the  stain. 

«/ 

Melanin  occurred  in  small  compact 
masses,  generally  situated  at  the  poles 
of  the  parasite,  but  in  some  cases  it 
was  irregularly  distributed.  Young  de¬ 
veloping  forms  were  present  in  scanty 
numbers,  measuring  from  2  /x  upwards, 
and  were  situated  at  the  distal  end 
of  the  erythrocyte.  Multiple  infection 
was  occasionally  observed,  and  the 
greatest  number  of  parasites  in  a  cell 
was  three.  The  percentage  of  infected 
erythrocytes  from  different  thrushes  varied  from  5  per  cent,  to  12  per  cent. 
According  to  Minchin,*  the  halteridia  are  readily  distinguishable  by  the 
characters  of  the  cytoplasm,  which  is  darker  in  the  female,  and  of  the 
nucleus,  which  is  larger  in  the  male.  A  count  of  200  consecutive  adult 
parasites  based  upon  this  classification  showed  the  following  percentages : 
Male  gametocytes,  60  per  cent. ;  female  gametocytes,  40  per  cent. 

Measurements  of  hosts,  erythrocytes  : — 

7  J  J  Average  Average 

Length.  Breadth. 

Corpuscles  . .  . .  . .  . .  12-6  /x  6'5  /i 

Nuclei  .  .  . .  . .  . .  5'2  /x  2-4  p. 

Measurements  of  erythrocytes  containing  parasites  : — ■ 

Average  Average 

Length.  Breadth. 

Corpuscles  . .  . .  .  .  . .  12°9  p,  6’5  /x 

Nuclei  .  .  . .  .  .  . .  5*2  /x  2*5  /x 


*  Minchix,  E.  A.,  An  Introduction  to  the  Study  of  the  Protozoa.  London  :  Ed. 
Arnold,  1912. 
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Fig.  1.— Halteridium  of  the  thrush. 
a,  Young  developing  form. 
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It  will  be  seen  from  the  above  tables  that  the  parasites  cause  very 
little  alteration  to  the  erythrocytes.  The  number  of  birds  infected  with 
this  parasite  in  this  district  totals  approximately  5  per  cent.  The  nuclei 
of  the  host  cells  were  in  some  cases  slightly  displaced. 

Description  of  Six  Successive  Parasites.  —  (1.)  Protoplasm  pale  blue; 
nucleus  appears  as  three  fine  strands,  central  in  position,  and  pinkish  in 
colour  ;  six  granules  of  melanin  towards  one  end  and  four  towards  the 
other. 

(2.)  Protoplasm  very  pale  blue  ;  nucleus  pale  pink,  spherical,  central 
in  position,  spans  the  breadth  of  the  parasite  ;  sixteen  granules  of  melanin, 
scattered. 

(3.)  Protoplasm  practically  unstained  ;  nucleus  pale  pink,  oval,  and 
central  in  position  ;  five  granules  of  melanin  at  each  end. 

(4.)  Protoplasm  deep  blue  ;  nucleus  spherical,  very  minute,  central  in 
position  ;  three  granules  of  melanin  towards  one  end  and  nine  lying  around 
the  nucleus. 

(5.)  Protoplasm  very  pale  blue  ;  nucleus  purple  ;  measures  two-thirds 
the  length  of  the  parasite,  and  situated  to  one  side,  as  a  strand  almost 
touching  the  nucleus  of  the  erythrocyte  ;  four  granules  of  melanin  at  each 
end. 

(6.)  Protoplasm  deep  blue,  granular  ;  nucleus  very  small,  rod-shaped, 
central  in  position,  pale  pink  ;  one  small  mass  of  melanin  at  one  end  only. 

Plasmodium  of  the  Song-thrush  ( T urdus  musicus ). 

The  infected  birds  were  shot  in  the  Waikato  district.  Blood-films  were 
prepared  from  the  heart,  fixed  in  absolute  alcohol,  and  stained  by  the 
Giemsa  method. 

The  Parasites  stained. — The  parasites  appear  as  rounded  or  irregularly 
shaped  oval  bodies,  usually  situated  at  the  distal  end  of  the  erythrocyte, 
the  nuclei  of  which  were  generally  displaced,  except  in  the  case  of  a  young 
parasite  recently  invading  the  cell. 

The  displacement  of  the  nucleus  is  usually  parallel  to  the  long  axis  of 
the  erythrocyte.  Sometimes  two  parasites  are  seen  in  a  cell,  one  on  each 
side  of  the  nucleus  :  under  these  conditions  the  nucleus  remains  central 
in  position,  but  the  erythrocyte  shows  slight  distortion.  The  nuclei  of  the 
parasites  were  very  inconsistent  in  size,  shape,  and  staining,  sometimes 
appearing  as  small  compact  masses  staining  purple,  or  at  other  times 
merely  as  thin  rods. 

Melanin  was  present  in  small  masses,  lying  usually  at  the  sides  of  the 
parasites.  The  erythrocytes  were  partly  dehaemoglobinized,  and  there¬ 
fore  stained  badly.  All  stages  of  the  schizogenic  cycle  of  the  parasites 
were  present  in  the  blood  of  some  of  the  infected  birds.  The  youngest 
forms,  which  measured  1*6  /x,  appeared  as  minute  masses  of  protoplasm 
containing  a  chromatin  granule  but  devoid  of  melanin.  Multiple  infection 
was  common,  and  occasionally  as  ^any  as  six  parasites  were  observed  in 
an  erythrocyte.  Male  and  female  gametocytes  were  observed.  A  count 
of  200  consecutive  parasites  showed  the  following  percentages  •  Male 
gametocytes,  40  per  cent.  ;  female  gametocytes,  50  per  cent.  ;  doubtful 
forms,  10  per  cent. 

Segmenting  forms  were  observed  in  4  per  cent,  of  the  infected  erythro¬ 
cytes.  The  rosettes,  which  occupied  one-third  of  the  host  cell,  consisted 
of  14  to  16  merozoites.  In  the  centre  of  these  rosettes  a  mass  of  pigment 
was  usually  present.  The  merozoites  were  often  observed  in  the  vicinity 
of  disintegrated  erythrocytes,  the  remains  of  which  stained  poorly.  The 
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erythrocytes  containing  adult  parasites  often  showed  an  increase  in  breadth. 
The  percentage  of  erythrocytes  infected  with  plasmodia  varied  consider¬ 
ably  :  in  some  birds  only  three  or  four  parasites  were  detected  in  a  film, 
whilst  in  others  as  many  as  20  per  cent,  of  the  erythrocytes  harboured 
parasites.  Three  per  cent,  of  the  blackbirds  from  this  district  were  infected 
with  this  parasite. 

Description  of  Six  Successive  Parasites. — (1.)  Spherical  in  form  ;  measures 
4‘8  /x  in  diameter  ;  protoplasm  deep  blue  ;  nucleus  composed  of  two  fine 
purple  strands,  central  in  position  ;  one  small  mass  of  melanin  towards 
one  end. 

(2.)  Spherical  in  form;  measures  4° 6 /x  in  diameter;  protoplasm  pale 
blue  ;  nucleus  appears  as  a  small  faintly  stained  purple  granule  situated 
at  one  end  ;  four  compact  granules  of 
melanin  opposite  nucleus. 

(3.)  Oval  in  form ;  measures  6'4  /x 
by  4‘8  /x  ;  protoplasm  pale  blue  ;  nucleus 
appears  as  a  fine  purple  strand  at  one 
end  ;  six  granules  of  melanin  towards 
centre. 

(4.)  Oval  in  form  ;  measures  8  /x  by 
4*8  /x  ;  protoplasm  deep  blue  ;  nucleus 
unstained ;  seven  granules  of  melanin, 
scattered. 

(5.)  Spherical  in  form  ;  measures  3*2  /x 
in  diameter ;  protoplasm  pale  blue  ; 
nucleus  unstained ;  four  granules  of 
melanin,  central  in  position. 

(6.)  Oval  in  form  ;  measures  6’4  /x  by  3‘2  /x  ;  protoplasm  pale  blue  ; 
nucleus  appears  as  faintly  stained  purple  granule  situated  towards  one  end  ; 
five  granules  of  melanin,  scattered. 

The  nuclei  of  the  host  cells  were  all  displaced  by  the  above  parasites. 

Halteridium  and  plasmodium  have  been  observed  in  both  the  thrush 
and  blackbird.  The  foregoing  observations  were  made  on  birds  showing 
a  pure  infection,  thus  eliminating  the  possibility  of  confusing  the  various 
stages  present  in  a  double  infection.  The  birds  the  victims  of  these  para¬ 
sites  were  descendants  of  those  imported  about  1870.  Many  hundreds 
of  native  birds  from  various  districts  will  be  required  to  be  examined 
for  these  parasites  before  deciding  that  these  birds  are  free  from  infection. 
The  possibility  of  the  imported  birds  infected  with  halteridia  transmitting 
these  parasites  to  native  birds  must  be  borne  in  mind. 

Labbe  considered  the  halteridia  of  different  birds  to  be  all  one  species, 
but  other  observers  working  on  these  parasites,  noticing  differences  in 
regard  to  form,  structure,  and  appearance,  distinguished  many  species 
and  named  them  after  the  birds  in  ^jhich  they  were  found.  Possibly  a 
given  species  of  halteridia  might  infect  numerous  species  of  birds.  If  the 
halteridia  of  birds  belong  to  only  one  species,  then  infection  of  native  birds 
should  occur  if  the  intermediate  host  were  present.  But,  on  the  other  hand, 
if  the  species  of  halteridia  were  restricted  to  one  or  numerous  closely  related 
species  of  birds,  infection  would  probably  be  observed  only  if  the  imported 
birds  were  closely  related  to  the  native  birds. 

In  Australia  several  blood-parasites  have  been  described  in  native  birds 
during  the  past  few  years,  and  over  thirty  species  showed  infection  by 
halteridia. 


Fig.  2.  — -  Plasmodium  of  the  thrush. 
a,  Multiple  infection  of  erythrocyte 
by  young  forms  ;  b,  formation  of 
merozoites  ;  c,  erythrocyte  contain¬ 
ing  two  adult  forms. 
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PARASITISM  IN  NEW  ZEALAND  SPIDERS. 

By  W.  W.  Smith,  New  Plymouth. 

When  visiting  Kotorua  some  years  ago  as  a  member  of  the  Scenery- 
preservation  Commission  I  spent  two  Sundays  collecting  insects,  chiefly 
ants,  in  the  immediate  vicinity  of  the  boiling  mud-pools,  fumaroles,  and 
geysers  in  that  active  thermal  region.  When  turning  over  stones  and  heaps 
of  decayed  vegetation  to  procure  ants  secreted  beneath  them,  I  observed 
some  large  spiders  run  out  from  under  a  decayed  log  which  I  had  turned 
over.  The  log  lay  near  some  almost  boiling  thin  mud,  on  to  which  one 
of  the  spiders  ran  when  disturbed.  During  the  afternoon  of  the  same 
day  I  detected  some  large  spiders  secreted  under  their  webs  constructed 
under  a  small  ledge  of  rock  which  was  sprayed  with  hot  steam  and 
vapour  blown  over  it  by  the  fresh  wind  from  the  geyser.  Unfortunately 
I  did  not  collect  for  identification  any  of  the  spiders  seen  in  these  hot 
habitats. 

On  my  second  visit  to  the  district  I  noted  that  several  species  of 
spiders  were  plentiful  on  the  stunted  vegetation  growing  near  the  hot 
steaming  pools  situated  on  the  east  side  of  the  main  road  at  Ohinemutu. 
On  a  calm  overcast  day  many  of  the  webs  are  laden  with  the  moisture  of 
steam  from  the  hot  pools.  The  power  of  these  spiders  to  endure  the 
intense  heat  under  the  natural  conditions  I  have  stated  interested  me 
much,  and  induced  me  to  try  similar  experiments  artificially  with  native 
species  of  spiders  of  the  Taranaki  District,  with  quite  unexpected  results. 

For  several  years  I  have  been  collecting  spiders  of  certain  genera  for 
an  English  collector,  who  informed  me  that  he  was  “  very  much  interested 
in  New  Zealand  spiders,  and  the  valuable  papers  by  A.  T.  Urquhart 
describing  them.”*  When  out  collecting  I  carry  a  large  tin  box,  with  small 
sliding  lid  cut  in  the  large  lid,  into  which  I  put  species  of  spiders  not 
required  for  despatch  to  England.  During  an  illness  twenty  months  ago 
I  devoted  some  time  each  day  during  the  last  week  to  experiments  with 
spiders  in  water  heated  to  various  temperatures.  I  used,  and  continue 
to  use,  a  large  goldfish-globe  with  thin  pane-glass  lid.  On  the  bottom  of 
the  globe  is  a  layer  of  clean-washed  coarse  light-coloured  sand,  and  on  it 
are  placed  some  large  pieces  of  white  marble.  The  bottom  is  first  covered 
with  cold  water,  and  this  is  raised  to  the  required  heat  by  pouring  hot 
water  slowly  into  the  globe  to  avoid  cracking  it.  The  spiders  experimented 
with  are  first  placed  on  the  cold  water. 

The  species  of  spiders  inhabiting  the  margins  of  the  hot  pools  and 
fumaroles  at  Kotorua  consisted  of  individuals  representing  several  genera. 
The  species  collected  in  the  public  park  here  and  placed  in  the  globe  of 
hot  water  to  test  their  heat-bearing  powers  consisted  of  three  Araneus, 
two  Theridion,  and  one  Liny'phia.  I  placed  them  all  on  the  largest  piece 
of  marble.  The  temperature  of  the  water  was  146°  F.  The  vapour  from 
the  hot  water  condensing  on  the  inner  side  and  airtight  lid  prevented  the 
spiders  from  being  seen  from  the  outside.  On  raising  the  lid  after  ten 
minutes’  test,  I  noted  that  one  of  the  Araneus  had  moved  from  the  largest 


*  Trans.  N.Z.  Inst.,  vols.  18  to  25. 
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piece  of  marble  to  a  smaller  block  3  in.  distant.  All  the  others  had 
remained  on  the  large  block  and,  apparently,  were  enduring  no  discomfort. 
Replacing  the  lid,  I  left  them  for  another  ten  minutes,  and  then  removed 
them.  In  doing  so  I  detected  a  minute  Gordian  worm  protruding  from  the 
anus  of  one  of  the  Araneus.  Since' making  the  unexpected  discovery  that 
species  of  Gordius  attack  the  native  spiders  I  have  repeatedly  tried  the 
experiment  with  varying  success.  I  have  also  discovered  that  these  para¬ 
sitic  worms  attack  species  of  the  large  predaceous  native  beetles  of  the 
genus  Pterostichus . 

The  life-history  of  Gordius  is  recorded  by  E.  A.  Shipley,*  a  distinguished 
writer  on  parasitic  worms.  Writing  on  the  Nematomorpha  be  states, 
“  This  zoological  group  includes  Gordian  worms.  The  eggs  are  laid  in  the 
spring  as  a  rule,  and  after  about  a  week  they  give  rise  to  a  minute,  ringed 
larva  with  a  protrusible  boring-apparatus  consisting  of  three  chitinous 
rods.  By  the  use  of  this  the  larva  makes  its  way  into  the  soft  body  of 
some  insect  larva,  Ephemerids,  Chironomids,  or  even  of  Molluscs,  and 
encysts  in  the  muscles  or  fat  body.  The  insect,  which  may  have  become 
an  imago  with  the  Gordian  worms  still  in  it,  is  then  eaten  by  a  carnivorous 
insect  or  by  a  fish,  and  the  contained  Gordian  larva  becomes  elongate  and 
mature  in  its  second  host.  After  a  year  or  more  this  larva  emerges  into 
the  water  and  commences  to  reproduce.'' 

Shipley  has  figuredf  a  specimen  of  Pterostichus  niger  with  the  terga 
removed,  showing  the  Gordius  in  situ.  Some  months  ago  I  sent  a  fine 
specimen  of  Pterostichus  chloris  Broun,  and  a  native  spider,  both  having 
a  Gordius  escaping  from  their  body,  to  Professor  Benham,  of  the  University 
of  Otago,  who  confirmed  the  identification  of  the  worm. 

The  upper  end  of  the  large  water-lily  lake  in  Pukekura  Park,  New 
Plymouth,  is  very  shallow,  and  bears  a  growth  of  some  small  species  of 
Car  ex,  Ruppia,  and  other  aquatic  weeds.  The  lake  is  situated  in  a  narrow 
valley,  and  in  hot  summers  when  the  water-supply  is  limited  the  tempera¬ 
ture  of  the  water  is  high  and  Gordius  plentiful,  entwining  among  the  weeds. 
They  vary  much  in  numbers  and  size  according  to  the  warmth  of  the 
summers.  In  1881  Oerley  described!  two  New  Zealand  species  ( Gordius 
dihlastus,  G.  pachydermus)  from  specimens  sent  to  England  by  the  late 
Rev.  R.  Taylor.  Until  Hutton’s  Index  Faunae  Novae  Zealandiae  was  pub¬ 
lished  in  1904  Oerley ’s  two  species  were  all  that  had  been  described  from 
New  Zealand,  and  I  am  not  aware  of  other  species  having  been  described 
since. 

Naturally,  the  worms  obtained  from  the  bodies  of  spiders  by  the 
process  I  have  described  are  all  more  or  less  immature.  They  were  pro¬ 
cured  from  spiders  inhabiting  the  ferns,  low-growing  shrubs,  and  dwarf 
Carex  growing  around  the  edge  of  the  water-lily  lake,  where  they  would 
obtain  Gordius- infested  insects  as  food.  Owing  to  the  last  chilly  and 
humid  summer  experienced  in  Taranaki,  mature  Gordian  worms  were  very 
rare  among  the  shallow  aquatic  plants  and  weeds  occurring  in  the  lake. 
Spiders  are  warmth-loving  animals,  and  they  also  were  much  rarer  during 
the  chilly  summer.  I  obtained  only  twtf  minute  Gordian  worms  from 
forty-six  spiders  which  underwent  the  heat-testing  process.  When  at  the 
North  Egmont  Mountain  Hostel  (2,000  ft.  altitude)  in  the  middle  of 


*  Encyclopaedia  Britannica,  vol.  19,  p.  362. 
t  Cambridge  Natural  History,  vol.  2,  “  Worms.” 
J  Ann.  Mag.  Nat.  Hist.,  ser.  5,  vol.  8,  p.  331. 
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December  last,  I  collected  over  forty  spiders  in  the  native  bush,  all  of 
which  I  submitted  to  the  heat  test.  A  few  of  them  had  died  or  been 
killed  by  others  in  the  large  tin  box  containing  them,  but  of  the  three 
dozen  healthy  forms  not  one  yielded  a  Gordius.  I  tried  nineteen  spiders 
collected  on  the  margin  of  the  Ratapihipihi  Bush,  but  no  Gordius  were 
obtained  from  them.  Last  summer  and  autumn  were  cold  and  humid  in 
Taranaki,  and  all  the  species  of  Gordius  were  rare  in  the  lakes  and  shallow 
swamps  compared  with  the  preceding  hot  season,  when  they  were  numerous. 
Spiders  representing  many  genera  are  capable  of  enduring  intense  heat 
in  the  test-globe  without  any  perceptible  injury. 

Not  having  been  able  to  consult  much  of  the  literature  dealing  with  the 
Nematomorpha,  I  cannot  cite  a  case  of  any  species  of  the  group  having 
previously  been  recorded  parasitic  on  spiders.  The  British  arachnologist 
to  whom  I  have  sent  many  specimens  of  native  spiders  was  evidently 
unaware  of  Gordius  attacking  them,  for  on  receiving  three  specimens  of 
the  latter  he  gravely  inquired  “  if  I  was  sure  that  the  worms  came  from 
the  bodies  of  spiders.”  Neither  Staveley  nor  Pocock  in  their  work  on 
British  spiders  has  mentioned  Gordius  as  being  parasitic  in  any  European 
species.  Professor  P.  Chalmers  Mitchell,  in  his  article  “  Parasitism,”* 
states  “  the  larvae  of  Bombyllidae  are  endoparasites  of  the  larvae  of 
mason -wasps,  and  some  of  the  Cyrtidae  similarly  infest  spiders,”  but  there 
is  no  mention  of  Gordius  attacking  them. 

Several  large  species  of  native  spiders,  especially  such  as  live  in 
damp  cavities  under  decaying  logs  in  the  native  forests,  are  occasionally 
infested,  on  their  under-parts,  by  a  species  of  Acarus  akin  in  form  and 
colour  to  the  red  spider  (Tetranychus  telarius  Linnaeus)  but  more  robust  in 
structure.  The  same  species  also  infests  beetles  of  the  genus  Pterostichus, 
wThich  also  generally  occur  under  damp  logs.  Gordius  will  probably  be 
found  in  many  species  of  spiders  and  beetles,  more  especially  those  living 
near  their  haunts.  The  spiders  yield  the  largest  specimens  of  Gordius 
in  the  months  of  December  and  January.  These  parasitic  worms  are 
generally  most  numerous  in  the  month  of  February,  when  they  appear 
after  warm  rains. 

In  the  humid  and  mild  climate  of  Taranaki  parasitism  is  more  general 
and  more  destructive  alike  to  nearly  all  classes  of  both  the  endemic  and 
exotic  animals  and  plants  than  in  any  other  area  in  New  Zealand.  At 
present  I  know  of  no  parasites  of  Gordian  worms.  Young  crayfish  taken 
from  the  lakes  in  Pukekura  Park  and  kept  in  captivity  will  eat  them 
freely.  Spiders  and  beetles  being  plentiful  and  readily  procurable  in  Tara¬ 
naki,  I  intend  to  continue  further  experiments  with  them  on  the  lines  that 
I  have  described.  It  should  be  of  interest  to  ascertain  how  many  species 
of  these  two  groups  are  the  hosts  of  Gordius . 

Postscript. — Since  the  foregoing  was  written  I  have  been  able,  by  the 
kindness  of  Mr.  Renaud,  of  New  Plymouth,  to  consult  a  new  work,  entitled 
Fresh-water  Biology ,  by  H.  B.  Ward  and  G.  C.  Whipple,  two  American 
biologists.  On  page  537  of  the  fine  work  they  enumerate  eight  American 
species  parasitic  in  several  groups  of  animals,  and  add,  “  but  less  frequently 
in  spiders.”  The  volume  is  the  only  one  that  I  have  been  able  to  consult 
on  spiders  being  parasitized  by  Gordius. 


*  Enc.  Brit. ,  vol.  20,  p.  795. 
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DESIGN  OF  LAMINATED  SPRINGS. 

By  S.  H.  Jenkinson. 

The  theory  of  the  design  of  laminated,  or  plate,  springs  is,  if  we  are  to  judge 
by  contemporary  'text-book  and  technical-magazine  literature,  in  a  very 
incomplete  state,  and  the  practice  is  full  of  manifest  errors.  The  author 
first  fully  realized  the  existing  confusion  in  1907,  when  he  attempted  to 
check  the  design  of  a  particular  spring  by  the  application  of  eight  formulae 
given  by  the  best-known  authorities.  The  number  of  leaves  required  to  sup¬ 
port  the  load  as  ascertained  from  these  standard  formulae  varied  as  follows : 
9,  10-7,  11*5,  12,  12*2,  13*3,  13-7,  15  !  All  these  formulae  derived  from  what 
is  generally  known  as  the  “  theoretic  ”  spring,  so  the  first  step  obviously  lay 
in  a  fuller  consideration  of  the  basic  principles.  The  first  step  forward  came 
with  an  unsigned  article*  in  The  Engineer ,  which  specified  certain  definite 


overhangs  and  corresponding  stresses  for  each  leaf.  Here  was  evidently 
some  entirely  new  conception  underlying  the  design  of  laminated  springs  ; 
and,  working  back  from  the  conclusions  given,  it  was  discovered  that  the 
writer  had  assumed  that  each  leaf  carried  the  full  load  at  the  point  only, 
and  with  this  “  Open  Sesame  ”  the  problem  quickly  solved  itself.  In  the 
article  certain  mistakes  were  made,  the  deflection  due  to  shear  had  been 
entirely  overlooked,  and  the  possibility  of  obtaining  equal  stresses  in  each 
leaf  was  not  recognized  ;  nevertheless,  here  for  the  first  time  appeared  work 
based  on  what  is  now  obvious  as  the  fundamental  assumption  of  laminated- 
spring  design. 

In  1909  the  author  designed  springs  (see  fig.  1)  in  accordance  with  the 
complete  formulae  which  are  published  in  this  article  (for  the  first  time, 
as  the  author  believes),  and  during  the  last  ten  years  the  correctness  of  the 
design  has  been  abundantly  tested  in  actual  practice  in  railway  working. 


*  Design  of  Plate  Springs,  The  Engineer  (London),  vol.  93,  p.  157,  14th  February, 
1902. 
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In  1909  Professor  Unwin  in  the  new  edition*  of  his  famous. work  used  the 
fundamental  assumption  that  the  leaves  are  in  contact  only  at  the  ends, 
but  failed  to  make  any  real  use  of  the  assumption.  Finally,  in  1918,  David 
Laudau  and  Percy  H.  Parrf  published  an  elaborate  and  laborious  investiga¬ 
tion  of  the  whole  subject,  in  which  the  theory  underlying  the  anonymous 
article  in  The  Engineer  of  1902  was  exhaustively  treated,  but  without 
noticing  the  incompleteness  that  vitiated  all  their  conclusions. 

If  a  cantilever  of  length  l,  width  h,  and  thickness  or  depth  t,  is  loaded  with 
a  weight  W  at  its  end,  we  know  that 

M  _  E  _  S  _  2s 
I  R  y  t 

so  that  the  radius  of  curvature  of  bending  at  any  point  is  given  by 


Now,  the  efficiency  of  the  cantilever  as  a  spring  is-  measured  by  its- 
deflection,  and  this  is  greatest  when  R  is  least.  Taking  E,  the  modulus  of 
elasticity,  as  a  constant  for  the  material,  it  is  plain  that  the  spring  is  most 


efficient  when  t  is  as  small  as  practicable  and  when  S,  the  unit  fibre  stress, 
is  the  maximum  allowable  throughout  the  whole  length  of  the  cantilever. 

Since  %  _  6M 

“  T  ~  6C 


it  is  clear  that  bt2  should  vary  as  M,  the  bending-moment,  throughout  the 
cantilever.  It  is  simpler  and  cheaper  to  shape  a  plate  to  a  variable  width 
than  to  a  variable  thickness  (especially  where,  as  in  this  case,  the  curve  of 
thickness  is  parabolic  in  shape),  so  we  arrive  at  a  flat  triangular  plate  as  the 
shape  for  a  spring.  In  practice,  however,  space  considerations  prevent  the 
use  of  this  form,  and  the  single  flat  plate  is  replaced  by  a  number  of 
narrower  strips  which  are  piled  one  below  the  other  and  held  together  by 
the  central  buckle.  If  the  mathematical  design  outlined  above  is  followed 
the  triangular  flat  plate  reappears  in  the  successive  leaves,  and  each  over¬ 
hang  will  be  equal  in  length  and  triangular  in  plan,  as  indicated  in  fig.  2. 
Such  a  spring  is  the  spring  that  is  referred  to  in  the  text-books  as  the 
“  theoretic  ”  spring,  but  a  very  little  consideration  will  show  that  this  misuse 


*  W.  C.  Unwin,  Elements  of  Machine  Design  (1909),  pt.  1,  p.  104. 
t  David  Landau  amd  Percy  H.  Parr,  A  New  Theory  of  Plate  Springs,  Journal 
of  the  Franklin  Institute ,  vol.  185,  pp.  481-507  ;  vol.  186,  pp.  699-721  ;  vol.  187, 
pp.  65-97  and  pp.  199-213  (April  and  December,  1918 ;  January  and  February,  1919). 
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of  the  word  “  theoretic  ”  is  a  very  careless  and  ignorant  one.  In  addition 
to  a  bending-stress  the  leaves,  or  at  any  rate  the  tapered  “  overhang  ” 
of  each  leaf,  have  also  to  withstand  a  shearing-stress,  and  this  the  pointed 
ends  are  quite  unable  to  do.  The  whole  basis  of  the  design  therefore  falls 
to  pieces,  and  a  fuller  theory  is  called  for. 

Considering  any  consecutive  square-ended  leaves  of  a  spring,  it  is  evident 
that  they  are  in  parallel  contact  at  the  rigid  (sensibly)  buckle,  and  are  also  in 
contact  at  the  extremity  of  the  lower  shorter  leaf.  Here,  however,  the  upper 
plate  has  a  certain  bending-moment  and  consequent  radius  of  curvature,  so 
it  is  springing  up  and  away  from  the  lower  leaf,  which  is  not  under  any 
bending-moment  at  the  point.  They  are  not  in  contact  anywhere  between 


Fig.  3. 

that  point  and  the  buckle,  and  in  most  springs  (save  those  where  the  over¬ 
hangs  are  tapered  off  to  a  very  flexible  point)  the  various  plates  gape  every¬ 
where  else.  The  photograph  reproduced  in  fig.  3  shows  this  fact  in  a  very 
striking  manner.  Each  leaf  is  therefore  a  cantilever  loaded  at  the  end  and 
flexibly  supported  by  the  point  of  the  leaf  below  at  an  intermediate  point. 

The  ordinary  formulae  for  deflection  can  now  be  applied.  The  general 
case  for  the  wth  and  (w-j-l)th  leaf  is  indicated  in  fig.  4.  Considering  the 

(w-hl)th  leaf  at  section  X - X  we  ,can  calculate  the  deflection  y  as 

follows : — 

1  d2y  M  1  (  ) 

R  ~~  dx2  ~  El  —  El 1  Wn  +  1  +  1  ~  ^  ~  w  ~  ^  f 

Integrating 
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Again,  . 


1 


x2  x 3 


/y*  2  /y»  3 

*a/ 


y  BHWw  +  1  Vw  +  1  2  6  WwVw  2  6 

the  constants  of  integration  vanishing,  and  putting  x  =  ln 

_  1  Jw  (i  k2  k3 

EI  i +  1  Vw  +  1  2  6  /  3 


(1) 


Similarly  the  deflection  of  the  (w-f-l)th  leaf  at  its  extremity  is  given  by 

W n  +  1  fin  +  1  ^«)3 


yn  +1  —  yn  d-  i^n  +  1  ^  d- 


EI 


Substituting,  we  have 
ln+1  ^ n 


i  -/t. -p  jl  -iif  j  ( I  7  ^n  t  (^w  +  1  ^n) 

yn-{-l  yn  V-  ”  w  +  ly^  +  1  bz.  ^  d~  ^ 


3 

l  2 


•)-w-y}  "(2) 


Further,  by  substituting  for  yn  in  (2)  or  by  integrating  as  follows  for 
section  Y - Y  equation  (3)  is  derived : — 


1 

R 


d2y  1  f 
dY2  =  EI  ( 


Wn  +  1 


i^n  +  1  *^) 


dy_ 

dx 


~'WB+1  ;  In 1  '  '  - 


dy 


W  l  2 

VV 


since  has  the  value  already  indicated  above  when  x  =  l, 


and 


6 


since  y  has  the  value  already  indicated  above  when  x  =  1, 
So  that  when  x  =  ln  +  i 


yn  +  1  — 


=  t.  1  w 


l 


EI 


n  +  1 


’n  +  1 


-  w. 


%  +  1  In 


bn 

6 


(3) 


Continued  application  of  these  three  equations  give  successive  values 

of  Wl5  W2,  ......  &c.,  for  any  values  of  llt  l2,  . . &c.,  and  hence  the 

stress  in  successive  plates  can  be  arrived  at. 

In  designing  a  spring  by  the  aid  of  these  equations  the  following  results 
are  naturally  aimed  at  :  (1)  that  the  maximum  stress  in  each  plate  is  equal  ; 
(2)  that  each  plate  is  stressed  to  the  maximum  allowable  amount  through 
its  whole  length.  The  first  consideration  gives  a  spring  of  maximum  strength 
and  the  second  gives  one  of  maximum  flexibility.  It  soon  becomes  evident 
that  neither  of  these  requirements  can  be  fulfilled  by  square-ended  flat 
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plates  of  equal  thickness.  (Requirement  (1)  can  be  attained  if  the  bottom 
plate  or  plates  are  made  of  thinner  material  than  the  others,  a  possibility 
which  has  not  been  recognized  hitherto.)  The  natural  device  suggests 
itself  of  trimming  the  overhanging  ends  of  each  plate,  either  in  width  or 
thickness,  or  both,  and  varying  the  overhangs  until  these  requirements 
are  approximately  arrived  at,  and  this  summarizes  the  latest  development 
in  spring-design  as  explained  by  Landau  and  Parr.  Unfortunately,  how¬ 
ever,  the  fact  has  been  entirely  overlooked  that  these  formulae  neglect  the 
deflection  caused  by  shear,  and  that,  while  this  deflection  is  small  absolutely, 
it  has  a  considerable  effect  upon  the  values  of  the  successive  loads  and 
stresses  in  the  plates. 

The  deflection  due  to  shear  in  a  uniform  cantilever  is  incorrectly  treated 
in  some  of  the  well-known  text-books,  and  the  correct  calculation  is  re¬ 
peated  here  in  full.  Since  the  shearing-force  is  uniform,  the  researches  of 
St.  Venant* * * §  show  that  Bernouilli’s  assumptions  hold,  and  therefore  the 
shearing-stress  across  any  plane  normal  to  the  neutral  axis  of  a  rectangular- 
section  cantilever  may  be  expressed!  as 

6W  ft2 

q=  W\T~y 


where  y  is  the  distance  of  the  element  above  or  below  the  neutral  axis. 

The  internal  work  done  in  producing  the  shearing-strain,  since  the 

q  2 

material  is  elastic,  is  ~  at  any  place  (where  C  is  the  modulus  of  shear 
elasticity).  Therefore  the  internal  shear-work  done  along  the  cantilever  is 
r  r  ,  36Z6W2  ri  [t±  thy2 


2C 


2CbH6 
1SIW2  ft 5 


16 


C  W 


16  24  ^  80/ 


But  this  must  equal  the  external  work 


w  y 


due  to  shear.  Therefore 


2  +  yij  dy 
3W  n 

5C  bt 

where  y  is  the  deflection 


y»  = 


6WZ 
5C  bt 


4  bt^ 

For  steel  of  spring  quality,  C  may  be  taken  as  --  E,  and  since  I  =  — — . 

10  1 2 


ys 


wit2 

4EI 


A  further  correction  still  remains  to  be  made.  When  a  beam  is  bent 
downwards  the  upper  layers  are  in  tension  and  the  lower  layers  in  com¬ 
pression  ;  therefore  the  upper  layers  contract  laterally  and  the  lower  layers 

expand.  These  lateral  strains  are  —  times  the  longitudinal  strains,  where  — 

m  m 

is  Poisson’s  ratio,  and  if  unconstrained  the  beam  is  curved  laterally  to  a 

radius  m  times  the  radius  of  longitudinal  curvature.  Narrow  beams  do 

so  curve,  but  in  broad  flat  strips  no  transverse  curvature  occurs,  and  the 


modulus  of  elasticity  is  altered  in  the  proportion 


m- 


m 2  —  1' 


That  means  that 


flat  strips  are  stiffer  than  the  theoretic  beam  in  the  above  proportion.  Now, 


*  Arthur  Morley,  Strength  of  Materials  (3rd  ed.),  p.  107. 

f  Arthur  Morley,  loc.  cit.,  p.  134. 

$  J.  A.  Ewing,  The  Strength  of  Materials  (2nd  ed.),  p.  144. 

§  Arthur  Morley,  loc.  cit.,  p.  233. 
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for  hard  steel  the  modulus  of  shear  elasticity  has  been  taken  as  —  E,  from 

which  it  follows  that  m  is  4,  and  broad  flat  beams  are  stifler  than  the 
theoretic  beam  in  the  proportion  of  16  to  15.  We  can  now  modify  equa¬ 
tions  (1),  (2),  and  (3)  to  include  both  these  refinements,  and  write  the  true 
deflections  as 

d  =  -  yn  +  ys  and 


dn  — 


15 


W„ 


16EI 

dn  +  1  =  dn  + 


n  +  1  \  ln  +  1 


l 

15  (l 


2  6 
'n  +  1  In) 
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7  2  7  3  \  7  3 
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'  These  equations  are  true  only  for  square-ended  plates,  and  are  subject 
to  suitable  modifications  where  plates  of  varying  width  or  thickness  are 
used  or  when  more  than  one  plate  is  made  the  same  length. 

These  equations  can  be  used  to  evaluate  the  various  reactions  in  the  case 
of  existing  springs,  with  the  consequent  stresses  in  the  various  plates.  When 
new  springs  are  being  designed  the  stresses  are  made  equal  at  the  buckle 
by  suitably  proportioning  the  length  (and  thickness)  of  the  various  leaves, 
using  the  further  equation 
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In  practice  the  section  of  spring  steel  used  in  making  laminated  springs 
is  not  exactly  rectangular,  but  has  rounded  edges.  This  fact  may  increase 
the  deflection  by  a  small  amount — in  the  neighbourhood  of  5  per  cent. — 
but  has  practically  no  effect  on  the  relative  value  of  the  deflections  expressed 
by  equations  (4),  (5),  and  (6).  If  deemed  necessary  it  can  be  taken  care  of 
by  a  proportionate  reduction  in  the  value  of  I,  but  this  is  a  refinement 
hardly  warranted  by  the  accuracy  of  the  experimental  knowledge.  The 
important  point  is  not  the  absolute  value  of  the  deflection,  but  the  accuracv 
of  the  relative  values  expressed  by  the  equations  and  used  for  calculating 
the  successive  reactions  and  stresses. 

We  are  now  in  a  position  to  consider  the  design  of  a  simple  spring  with 
square-ended  plates. 

Applying  equation  (6)  to  the  bottom  leaf  and  (4)  to  the  second  leaf, 
we  have 
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whence 
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But  if  the  stresses  in  these  plates  are  equal,  by  (7) 

W2  =  W,|l 

and 

_  1( V  -  16 lxt2 

2  _  ioi,  2  -m* 

This  gives  us  a  spring  in  which  all  the  leaves  are  the  same  length,  and 
the  reason  for  this  deadlock  is  the  fact  that  the  bottom  leaf  is  always 
stressed  more  than  the  others  in  any  spring  with  square-ended  leaves 
of  equal  section.  The  only  way  to  relieve  this  overstress  is  to  increase 
the  flexibility  (reduce  the  stiffness)  of  the  bottom  leaf,  and  the  simplest 
way  to  do  this  is  to  reduce  the  thickness.  Fig.  1  shows  a  spring  de¬ 
signed  in  this  manner,  where  the  majority 
of  the  leaves  are  in.  thick  and  the 
bottom  leaf  is  composed  of  thinner  plates 
of  correct  length.  The  stresses  in  this 
spring  are  equal  in  every  plate  at  the 
buckle,  but  decrease  to  zero  at  the 
point,  so  that,  while  the  spring  is  of 
maximum  strength  for  the  number  of 
leaves  used,  it  is  not  by  any  means  so 
flexible  as  it  might  be.  To  obtain  a 
spring  of  maximum  flexibility  the  stress 
must  be  maintained  at  its  maximum 
allowable  value  throughout  the  whole 
length  of  the  leaf,  and  this  cannot 
possibly  be  arrived  at  with  square-ended 
leaves. 

The  next  step  obviously  is  to  test  whether  leaves  with  taper  ends 
can  be  designed  to  give  the  desired  results.  If  we  assume  that  plates 
of  the  same  section  are  used,  and  that  the  stresses  are  equal  in  each  plate 
at  the  buckle  and  at  the  point  where  the  plate  beneath  supports  it,  then 


by  equation  (7) 
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trom  which  we  deduce 


Wn  +  !  =  Wn  =  Wn  _  1  .  &c.,  and 

In  +  1  ===  hi  In  —  1  =ir~  .  &C., 

or  the  overhangs  and  reactions  are  equal  throughout,  and  the  bending- 
moments  are  also  equal  in  the  non-tapered  part  of  each  leaf,  while  the 
tapering  extends  for  the  whole  length  of  the  overhang  and  no  more. 
Further,  there  is  no  shear  stress  in  any  part  of  the  leaf  save  the  overhang, 
so  that  the  greater  portion  of  the  spring  is  bent  to  a  constant  radius  of 
curvature. 

At  first  sight  it  appears  that  we  are  back  at  the  “  theoretic  ”  spring  of 
fiction,  but  it  is  not  so.  The  problem  now  is  to  find  whether  the  “  overhang  ” 
can  be  so  tapered  that  the  deflection  therein  due  to  bending  and  shear  is 
equal  to  the  deflection  in  the  same  length  of  the  leaf  above  it.  As  tapering 
in  width  is  cheaper  than  tapering  the  thickness,  let  us  assume  that  the  leaf 

is  tapered  from  full  width  h  to  width  -  in  the  length  a  of  overhang,  as 


X 


Fig.  5. 
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indicated  in  fig.  5.  The  deflection  due  to  bending  in  this  tapered  canti¬ 
lever  is  calculated  as  follows 
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and  finally  integrating  between  limits  0  and  a 
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and  introducing  the  correction  for  lateral  stiffness 
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The  deflection  due  to  shear  is  calculated  as  follows  : — 

6W  ft2 

As  before,  the  intensity  of  shear  stress  qx  —  ( -j  —  y2  ),  and  internal 

work  done  in  producing  the  shear  strain  is 
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And  since  this  must  equal  the  external  work 

6W  ar  Wat2r  , 

s  =  5C tb  (r  —  1)  °g  r  =  4EI  (r—  1)  °g  ’ 

so  that  total  deflection  is  given  by 
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But  the  deflection  in  the  same  length  of  leaf  immediately  above  is 
given  by 
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and  the  equation  for  r  is 


r  (  log  r  ,4 £2  r  —  3  I 

- ■  - - -  -4 - log  f  -4-  - ? - 

r  —  1  (.  (r  —  l)2  '  15a2  8  ^2(r-l)( 


and  a  real  positive  value  of  r  can  be  found  by  trial,  remembering  that  the 
logarithms  are  Napierian  ones. 

Springs  can  therefore  be  designed  on  this  basis.  The  first  step  is  to 
determine  a  by  means  of  the  formula 


Wa  = 


S  bt2 
~(T 


,  where  W  =  J  total  load  in  pounds. 


Then  by  equation  (8)  we  can  determine  r  by  trial,  since  t  and  a  are  known. 


In  order  to  have  a  factor  of  safety  should  any  of  the  upper  plates  break, 
it  is  usual  to  make  about  one-fourth  of  the  whole  number  of  leaves  full 
length,  and  full  width  for  their  whole  length. 

Assuming  that  m  full-length  leaves  are  used  and  n  shorter  ones,  the 
length  of  the  cantilever  (that  is,  half  the  span  of  the  spring— half  the 
width  of  the  buckle)  is  (m  -f-  n)  a,  and  each  of  the  overhangs  equals  a, 
except  that  for  the  m  top  plates  of  full  length,  which  is  ma. 

We  can  now  calculate  the  deflection  of  the  spring  by  equation  (6), 
since 


or 
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The  number  of  leaves,  and  consequently  the  span  of  the  spring,  is  chosen 
to  give  such  deflection  as  is  desirable. 

To  make  this  portion  of  the  paper  complete,  it  may  be  stated  that  E  can 
be  taken  as  30,000,000  for  spring  steel,  that  the  maximum  allowable  fibre 
stress  S  usually  varies  from  60,000  lb.  to  80,000  lb.  with  ordinary  carbon 
spring  steel,  and  that  in  locomotive  practice  the  deflection  under  working¬ 
load  is  usually  about  2  ±n. 

Fig.  6  shows  a  spring  designed  in  this  manner.  The  approach  of  such  a 
spring  to  theoretic  perfection  is  very  close.  Each  of  the  plates  is  stressed 
to  the  same  amount,  and  the  plates  are  stressed  to  this  maximum  through¬ 
out  nearly  the  whole  of  their  length.  The  only  sensible  variation  from  this 
requirement  is  due  to  the  fact  that  the  m  top  plates  are  not  tapered  for  the 
amount  of  the  overhang,  but  are  carried  out  full  width.  As  equation  (9) 
shows,  this  has  only  a  very  small  effect  on  the  deflection,  unless  m  is  greater 
than  one-half  the  whole  number  of  plates.  The  amount  of  spring  steel 
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required  to  make  the  spring  is  as  small  as  can  be  used,  again  the  m  top 
plates  being  the  only  disturbing  factor  in  the  approach  to  perfection. 

It  may  be  pointed  out  as  a  curiosity  that  a  spring  of  maximum  strength 
and  flexibility  could  also  be  arrived  at  by  making  each  leaf  full  length  and 
tapering  each  one  for  the  whole  length  of  the  cantilever  ;  but,  although 
the  finished  weight  would  be  the  same,  this  spring  would  cut  into  much  more 
steel  and  would  offer  no  advantages. 

In  conclusion,  one  point  should  be  cleared  up.  It  has  been  objected 
that  this  refinement  of  design  is  of  little  moment,  since  the  flexibility  is 
increased  only  slightly  and  the  strength  not  at  all  over  the  ordinary  spring, 
in  which  more  steel  is  used.  In  one  sense  this  is  quite  true.  The  flexibility 
of  the  perfect  spring  is  only  50  per  cent,  greater  than  the  reductio  ad 
absurdum  one  in  which  every  plate  is  made  full  length.  The  strength  also 


is  not  increased,  if  by  “  strength  ”  we  mean  the  ability  of  the  plates  to 
withstand  the  application  of  stresses  above  the  elastic  limit.  The  reason  is 
that  although  the  lower  plates  may  be,  and  usually  are,  severely  over¬ 
stressed,  on  the  first  application  of  the  load  they  immediately  relieve  them¬ 
selves  by  taking  a  permanent  set  ;  and  it  is  impossible  to  load  any  single 
plate  beyond  the  elastic  limit  unless  all  the  plates  are  so  loaded.  But  in 
practice  the  constant  application  of  fluctuating  loads  considerably  below  the 
elastic-limit  load  will  fracture  a  plate  ;  and  those  plates  which  are  more  heavily 
stressed  do  undoubtedly  break  before  the  others,  even  although  it  is  granted 
that  the  static  elastic  limit  is  not  exceeded.  Further,  this  very  act  of  relief 
means  that  the  whole  spring  takes  a  permanent  “  set,”  and  these  successive 
“  sets  ”  are  a  source  of  expense  and  trouble  in  practice,  and  are  the  most 
vexatious  feature  of  the  ordinary  spring  in  railway  work,  since  they  call 
for  constant  adjustment  of  the  suspension  gear  to  keep  the  vehicle  level 
and  at  the  correct  height.  Finally,  the  saving  in  spring  steel  effected  by 
careful  design  is  an  item  of  considerable  importance  on  any  large  output, 
and  amply  repays  the  time  spent  on  this  investigation. 
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DEPOSITION  OF  ICE  BY  A  GLACIER  SPRING. 

By  J.  Hardcastle,  Timaru. 

Visiting  the  Mneller  Glacier  in  the  middle  of  March  this  year,  I  met  with 
a  phenomenon  I  have  not  before  seen.  Moreover,  in  the  course  of  a  con¬ 
siderable  amount  of  reading  about  glacier  phenomena  I  have  not  met  with 
mention  of  such  a  thing,  or  a  hint  of  its  possibility. 

The  Mueller  Biver  was,  as  usual,  issuing  from  a  subaerial  spring— i.e., 
not  from  a  tunnel  or  cave.  The  spring  pool  occupied  a  small  indentation 
in  the  terminal  of  the  glacier — one  could  hardly  say,  in  the  terminal  face, 
for  the  lower  end  of  the  glacier  was  much  broken  up  and  subsided  for  a 
length  of  some  chains,  with  a  high  cliff-face  of  ice  behind  it.  Usually  the 


Ice-rimmed  Spring,  Mueller  Glacier 


Mueller  rises,  as  I  had  previously  seen  and  heard  of  it,  in  a  violent  spring, 
the  water  jumping  2  ft.,  3  ft.,  and  4  ft.  above  the  surface  of  the  pool,  with 
a  good  deal  of  splashing  from  the  contained  air.  On  this  occasion  I  found 
the  water  welling  up  so  quietly  that  it  made  no  perceptible  swelling  on 
the  surface,  and  not  a  bubble  of  air  broke  its  smoothness.  The  spring 
gave  birth  to  a  quite  considerable  stream. 

The  spring  at  the  time  of  my  visit  was  remarkable  inasmuch  as  it  had 
walled  itself  in  with  deposits  of  ice  crystals,  very  much  as  hot  springs  wall 
themselves  in  with  silica,  making  a  pool  about  20  ft.  in  diameter,  and  3  ft. 
to  4  ft.  above  the  level  of  the  shingle-bed  upon  which  it  discharged.  The 
accompanying  figure  is  an  excellent  reproduction  of  the  spring  as  I  saw 
it  on  the  first  visit— about  the  10th  of  the  month — with  its  wall  of  crystals 
and  a  portion  of  an  inner  partition  wall.  The  photograph  is  inadequate 
in  one  respect  :  it  does  not  show  or  suggest  that  about  nine-tenths  of  the 
water  escaped  from  the  pool  by  the  “  spout  55  at  the  front  of  the  pool  (to 
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the  left  in  the  picture).  This  “  spout  ”  was  about  4  ft.  wide  and  probably 
10  in.  or  12  in.  deep,  and  the  issuing  water  made  a  fine  turmoil  on  striking 
some  big  stones  just  outside  the  area  shown  in  the  photograph. 

I  saw  that  the  wall  was  built  up  of  small  crystals  mingled  with  some 
sand.  A  few  small  masses  of  crystals  came  up  in  the  spring.  I  caught  a 
few  of  these  in  an  eddy  pool  just  below,  the  outrush,  and  found  them  to  be 
loosely  aggregated  granular  crystals  resembling  a  grocer’s  somewhat  coarse 
sugar.  They  were  so  loosely  aggregated  as  to  be  squeezable  like  a  very  soft 
sponge.  The  quantity  of  ice  issuing  in  the  water  from  the  pool  appeared  to 
be  small.  On  a  second  visit,  a  few  days  later,  I  used  a  small  improvised 
landing-net  made  of  butter-muslin,  with  a  mouth  of  about  20  square 
inches.  By  submerging  this  in  one  of  the  small  spout  streams  enough 
crystals  were  caught  in  about  a  quarter  of  an  hour  to  make  a  good-sized 
snowball.  A  large  quantity  of  water  passed  through  the  net  in  that  time. 

On  my  second  visit  to  the  spring  I  found  that  considerable  changes 
had  taken  place,  but  being  without  the  camera  I  obtained  no  pictorial 
record  of  them.  The  surface  of  the  pool  was  a  few  inches  lower,  and  dis¬ 
closed  a  narrow  shelf  of  solid  ice  between  the  spring  and  the  moraine-covered 
mounds.  The  frontal  spout  previously  seen  had  closed,  and  the  main  dis¬ 
charge  was  now  on  the  farther  side  (the  right,  looking  down -stream).  What 
had  previously  been  the  internal  partition  seen  in  the  photograph  was  now 
the  outer  wall  of  the  spring  on  that  side,  and  the  old  outer  wall  had  been 
removed,  except  a  few  feet  near  the  left  (northern)  bank,  where  it  was 
somewhat  or  wholly  shaded  from  the  sun.  As  before,  the  water  lapped 
over  the  wall  everywhere,  with  many  small  spout  escapes  besides  the 
principal  one.  The  area  of  the  pool  was  reduced  by  the  change,  but  not 
the  area  of  the  spring  ;  and  the  spring  was  as  quiet  as  before. 

The  remaining  part  of  the  old  wall  was  dry  and  accessible,  and  we 
chopped  and  hoed  it  with  an  ice-axe,  and  found  it  to  be  composed  of  the 
same  sort  of  crystals  that  we  caught  in  the  net,  mixed  with  sand  enough 
to  make  it  grey.  It  was  of  the  consistency,  say,  of  garden -soil  that  has 
not  been  disturbed  for  a  year.  A  part  of  the  wall  round  the  pool  was  well 
seen,  and  this  was  of  precisely  the  same  nature,  but  showed  a  few  streaks 
more  sandy  than  the  rest.  It  was  about  3J  ft.  high,  as  seen,  and  probably 
did  not  descend  much  below  what  was  visible.  The  wall  was  compact 
enough  to  prevent  water  from  oozing  through  it.  A  night’s  rain  occurred 
between  the  two  visits,  and  this  possibly  had  something  to  do  with  the 
lowering  of  the  height  of  the  wall  by  increasing  somewhat  the  temperature 
of  the  water  in  the  pool,  for  a  time.  Such  a  wall  must  be  a  temporary 
thing,  as  its  formation  and  maintenance  depend  upon  dry  weather,  or  at 
all  events  upon  little  rainfall.  A  heavy  rain,  by  diluting  and  warming  the 
seepage  from  the  glacier,  would  put  a  stop  to  the  formation  of  ice-crystals 
and  cause  a  rapid  melting  of  the  encircling  wall. 

The  top  of  the  wall  visibly  sloped  inward.  The  muddiness  of  the  water 
prevented  its  being  traced  more  than  1  ft.  or  so,  but  the  wall  could  not  have 
been  more  than  3  ft.  thick,  as  the  water  welled  up  at  that  distance  from 
the  outside  of  the  wall.  The  rising  pipe  would  seem  to  have  been  irregular 
in  some  way,  as  the  water  rose  at  several  points,  as  it  were,  alternately,  but 
often  at  two  or  three  points  at  once.  The  fact  that  the  water  welled  up 
quietly  and  caused  no  swelling  of  the  surface  gives  no  indication  of  the 
“  head  ”  of  the  subglacial  or  englacial  stream,  as  the  channel  may  have  been 
constricted  and  the  stream  “  wiredrawn  ”  somewhere  in  its  course. 

The  walling-in  of  the  spring  by  the  deposition  of  ice-crystals  results 
from  the  law  that  pressure  lowers  the  freezing-point  of  water.  Every  part 
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of  a  glacier  below  the  surface  therefore  has  a  temperature  below  the  freezing- 
temperature  at  the  surface.  The  Mueller  River  in  March — a  very  dry 
month — was  chiefly  draining  the  glacier  of  water  produced  by  pressure 
thaw,  and  any  surface  water  that  reached  them  would  be  cooled  to  the 
temperature  of  the  glacier’s  drainage-channels.  As  the  super-cold  water 
gradually  escaped  from  pressure  in  the  rising  pipe,  and  doubtless  to  some 
extent  under  the  broken-down  end  of  the  glacier  also,  a  small  proportion 
of  it  became  ice,  to  rectify  the  temperature  to  the  new  pressure  conditions 
and  finally  to  the  subaerial  normal  ;  and  our  observations  showed  that  it 
takes  the  form  of  granular  crystals. 

Being  necessarily  at  the  melting-temperature,  the  ice-crystals  were 
ready  under  the  smallest  external  pressure  to  cohere  (regelate),  and  in  con¬ 
sequence  of  this  readiness  to  stick  together  they  built  up  a  wall  where  they 
were  driven  against  each  other  by  the  movement  of  the  water.  The  wall 
necessarily  started  from  a  foundation  of  ice  on  one  or  more  sides,  and  thence 
was  added  to  till  a  complete  circuit  was  made. 

The  deposition  of  crystals  took  place  on  the  inside  of  the  rising  pipe 
as  well  as  at  the  surface.  On  throwing  stones  into  the  pool  anywhere  but 
in  the  middle,  smaller  or  larger  masses,  from  a  handful  to  a  bucketful, 
of  spongy  sand-stained  masses  of  crystals  were  detached,  rose,  and  floated 
away.  It  may  be  that  this  process  of  deposition  on  the  walls  sometimes 
results  in  choking  the  passage.  The  deep  eddy  pool  above  mentioned 
must  have  been  an  extinct  spring-pit,  and  we  saw  two  other  pits  recently 
extinct  and  two  older  ones  within  a  few  chains  of  the  living  spring. 

The  white  wall  of  the  Mueller  spring  was  visible  from  the  Hooker  track 
opposite,  but  at  that  distance  no  one  would  suspect  its  peculiar  nature. 

A  simple  quantitative  statement  may  be  made  of  the  explanation  given 
above  of  the  production  of  ice  in  drainage-water  from  a  glacier.  The 
phenomenon  results  from  the  operation  of  James  Thomson’s  law  that  pressure 
lowers  the  freezing-point  of  water  by  0-0074°  C.  (or  0-0075°  as  some  give  it) 
per  atmosphere,  and  the  law  of  latent  heat.  Taking  a  cubic  foot  of  water 
as  a  convenient  unit  mass,  if  it  were  1°  C.  below  freezing-point  in  air  the 
ice  produced  to  raise  the  temperature  to  0°  C.  would  be  one-eightieth,  or 
21-6  cubic  inches.  As  the  temperature  due  to  the  pressure  of  one  atmosphere 
is  only  —0-0074°,  the  ice  produced  will  be  so  much  less  (21-6  X  0-0074, 
or  0-16  cubic  inches),  and  proportionately  for  other  pressures  in  atmo¬ 
spheres.  Taking  100  ft.  of  ice  as  equal  to  three  atmospheres,  the  ice  neces¬ 
sarily  formed  in  seepage  water  to  rectify  the  temperature  to  0°  C.  in  air 
is  0-48  cubic  inch  per  cubic  foot  of  water  per  100  ft.  of  ice.  That  is  the 
minimum,  however.  In  nature  the  ^drainage  of  the  terminal  ice  of  a  valley 
glacier  is  likely  to  have  a  temperature  lower  than  that  required  by  the 
pressure  of  ice  at  the  terminal,  because  the  ice  was  previously,  when  higher 
up  the  valley,  of  a  considerably  greater  depth,  the  low  temperature  corre¬ 
sponding  to  which  is  in  part  retained  and  carried  down  to  the  terminal. 
This  fact  is  observable  in  the  dryness  of  the  ice  in  terminal  faces. 

In  reply  to  an  inquiry  as  to  whether  he  had  observed  such  a  phenomenon, 
Mr.  Peter  Graham,  chief  guide  at  the  Hermitage,  writes  that  the  condition 
is  not  common,  but  he  has  several  times  observed  it  at  the  Mueller  and 
Hooker  Glaciers,  and  also  once  at  the  end  of  the  Fox  Glacier  on  the  West 
Coast.  Once  he  saw  one  built  up  3  ft.  or  4  ft.  Mr.  Graham  remarks  that 
the  walled  springs  occur  mainly  in  the  fall  of  the  year,  and  thinks  that  they 
are  due  to  a  fresh  fall  of  snow  on  the  mountains  being  washed  down  through 
the  underground  channels  in  the  glacier. 
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THE  TERTIARY  BEDS  OF  CENTRAL  OTAGO. 

By  P.  G.  Morgan.* 

In  the  New  Zealand  Journal  of  Science  and  Technology ,  March,  1919, 
Dr.  C.  A.  Cotton  has  an  article  entitled  “  Problems  presented  by  the 
Notocene  Beds  of  Central  Otago.”  In  1914  I  reported  on  deposits  of  the 
type  discussed  by  Dr.  Cotton  at  Waikaka  and  Waikaia,  and  recently  I 
have  carefully  examined  similar  beds  in  the  neighbourhood  of  St.  Bathan’s, 
where  sluicing  operations  have  exposed  magnificent  sections  of  the  “  older 
quartz  drifts.”  At  St.  Bathan’s  the  Tertiary  or  Notocene  beds,  named  in 
upward  order,  consist  of  quartzose  conglomerate  and  grit,  lignite,  car¬ 
bonaceous  and  light-coloured  clays,  and  a  thick  fossiliferous  clay  stratum 
of  a  greenish  colour,  the  whole  series  having  a  maximum  thickness  of  nearly 
1,000  ft.  To  these  beds  I  propose  to  give  the  name  St.  Bathan’s  Series. 
Park’s  name  of  Manuherikia  Series  would  be  applicable,  but  he  included 
in  that  series*  the  ancient  greywacke  or  “  sandstone  ”  gravels,  known  to 
the  gold-miners  as  Maori  Bottom  (1906,  p.  17  ;  1910,  pp.  231,  359).  These 
gravels  are  unconformable  to  the  St.  Bathan’s  Series,  but  according  to 
Dr.  Cotton’s  criterion  must  be  included  in  the  Notocene.  They  are  certainly 
of  fluviatile  origin,  whereas  the  most  characteristic  beds  of  the  St.  Bathan’s 
Series  are,  as  McKay  in  my  opinion  has  correctly  stated,  mainly  of 
lacustrine  and  littoral  origin. 

In  discussing  the  age  of  the  Notocene  deposits  Dr.  Cotton  suggests  that 
in  a  portion  of  the  Maniototo  depression  they  are  of  Oamaruian  age,  but 
that  “  it  is  quite  possible  that  the  Ngaparan  terrestrial  stage  of  the  Oamaru 
district  is  overlapped  inland  by  terrestrial  facies  of  the  higher  stages  of  the 
Oamaruian  and  even  of  the  Wanganuian.”  The  reason  given  for  this 
tentative  conclusion  is  that  marine  strata  and  interbedded  basalt-flows  are 
not  found  in  the  far-inland  districts.  Marine  faunas  of  Middle  or  Older 
Tertiary  age,  however,  occur  south  and  west,  as  well  as  east,  of  north 
Central  Otago.  McKay  writes,  “  There  is  thus  a  central  northern  area  of 
fresh-water  deposits  surrounded  by  a  much  larger  area  to  the  east,  south, 
and  west,  which  is  undoubtedly,  in  the  beds  that  immediately  follow  the 
quartz  grit  or  drift,  of  marine  origin  ”  (1897,  p.  96).  It  is  apparent  that 
the  transgression  of  the  sea  over  Otago  in  Early  and  Middle  Oamaruian 
times  was  tolerably  widespread,  and  it  is  important  to  note  that  it  reached 
the  Lake  Wakatipu  district,  thus  lessening  the  probability  of  overlap 
being  as  great  as  Dr.  Cotton  suggests.  The  fact,  if  it  is  a  fact,f  that 
volcanic  rocks  are  not  found  west  of  the  eastern  margin  of  the  Maniototo 
depression,  and  therefore  are  not  interbedded  with  the  Notocene  rocks,  is, 
of  course,  purely  negative  evidence,  of  no  weight  where  positive  evidence 
is  available. 

That  there  is  overlap  of  the  Notocene  beds  in  Central  Otago  is  practic¬ 
ally  certain  from  our  general  knowledge  of  Tertiary  conditions  in  New 


*  This  paper  was  written  early  in  May,  1919. 

f  McKay  (1884,  p.  81)  speaks  of  feeble  volcanic  activity  in  the  upper  Manuherikia 
Valley. 
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Zealand,  and,  as  a  matter  of  fact,  it  lias  been  observed  by  me  in  the 
St.  Bathan’s  district.  The  quartz  drifts,  with  associated  clays  and 
lignite  seams,  are  several  hundred  feet  thick  at  St.  Bathan’s,  but  at  the 
Vinegar  Hill  claim,  three  miles  to  the  south-west,  the  “  wash  ”  is  only 
a  few  feet  thick.  On  the  higher  slopes  of  the  hill  it  apparently  thinned 
out  altogether,  but  westward,  in  the  present  face  of  the  Vinegar  Hill 
claim,  14  ft.  or  more  of  quartz  drift  may  be  seen,  overlain  by  70  ft.  or 
80  ft.  of  green  claystone. 

In  tentatively  assigning  portions  of  the  Cencral  Otago  Notocene  beds 
to  the  highest  Oamarnian  and  even  to  a  post-Oamaruian  stage  Dr.  Cotton 
could  have  quoted  Professor  Park,  who  places  his  Manuherikia  Series  in 
the  Pliocene,  and  mentions  Hector  and  Hutton  as  his  authorities  (1906, 
p.  16).  Strangely  enough,  however,  Park  fails  to  quote  McKay,  whose 
authority  in  this  particular  instance  must  be  regarded  as  weighty,  for  he 
was  far  better  acquainted  with  Central  Otago  than  Hector  or  Hutton. 
Moreover,  Hector  apparently  acquiesced  in  McKay’s  views,  which,  roughly, 
were  that  the  Notocene  beds  are  of  two  quite  different  ages — Miocene  and 
Cretaceo-Tertiary.  There  can  be  no  doubt  that  McKay  was  driven  to  this 
conclusion  by  the  supposed  necessity  of  upholding  the  Cretaceo-Tertiary 
hypothesis  of  the  old  Geological  Survey  at  all  costs.  But  for  the  hampering 
influence  of  this  hypothesis  it  is  quite  evident  that  he  would  have  correlated 
all  the  lignites  of  Central  Otago,  and  the  accompanying  quartz  conglome¬ 
rates  or  drifts,  with  the  Ngaparan  stage  of  the  Oamaruian.  This  appears 
to  me  to  be  a  nearly  correct  view.  Doubtless  it  ought  to  be  modified  in 
the  direction  indicated  by  Dr.  Cotton,  but  not  to  the  same  extent  so  far 
as  the  quartz  drifts  are  concerned.  McKay,  though  not  overclear  in  his 
method  of  presentation,  evidently  had  the  question  of  overlap  more  or  less 
in  his  mind.  The  quartz  drifts  of  the  Ngaparan  stage  and  those  of  Central 
Otago  may  be  regarded  as  belonging  to  practically  one  stratum,  formed 
during  a  period  of  land-depression.  The  difference  in  age  between  the 
inland  and  the  seaward  portions  probably  corresponds  rather  to  the 
time  difference  between  the  Ngaparan  and  Waiarekan  stages  than  to 
that  between  the  Ngaparan  and  Pareoran  stages,  as  Dr.  Cotton  seems  to 
suppose.  The  total  overlap  of  the  Notocene  beds,  however,  may  well 
correspond  to  the  whole  of  the  Oamaruian  ;  but,  since  there  is  no  known 
occurrence  of  the  marine  Wanganuian  stages  in  the  south  of  New  Zea¬ 
land,  I  see  no  reason  for  supposing  that  the-  overlap  extended  to  the 
Wanganuian.  The  Maori  Bottom  gravels,  which  are  probably  Pliocene, 
and  therefore  correspond  to  some  part  of  the  Wanganuian,  are,  as 
already  stated,  believed  to  be  unconformable  to  the  St.  Bathan’s  Series, 
so  that  they  need  not  be  considered!  in  connection  with  the  Oamaruian 
overlap. 

Dr.  Marshall’s  views  regarding  the  age  of  the  Central  Otago  Notocene 
beds  may  also  be  cited.  A  few  years  ago  he  considered  the  “  lake- 
basin  ”  beds  to  be  of  Wanganuian  age  (1912,  p.  46),  but  quite  recently 
he  has  stated  that  the  quartz  grits  of  the  Lawrence  district  are  at 
the  latest  of  very  early  Tertiary  age  (1918,  p.  63).  In  the  present  state 
of  our  knowledge  one  can  hardly  avoid  tentatively  correlating  the 
Tuapeka  quartz  grits  with  those  of  other  parts  of  Central  Otago, 
and,  since  the  former  are  certainly  of  Miocene  or  pre-Miocene  age,  the 
St.  Bathan’s  Series  cannot  be  regarded  as  much,  if  any,  younger  than 
Early  Miocene. 
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After  discussing  the  conditions  under  which  the  Notocene  beds  of 
Central  Otago  accumulated,  Dr.  Cotton,  in  opposition  to  most  former 
observers,  comes  to  the  conclusion  that  they  are  probably  in  great  part 
of  fluviatile  origin.  The  upper  greywacke  gravels  of  the  Manujierikia 
Series,  though  stated  by  Park  to  be  lacustrine,  are  almost  certainly  fluvia¬ 
tile.  As  previously  stated,  they  presumably  form  part  of  the  Maori  Bottom 
gravels,  which  are  undoubtedly  fluviatile.  The  green  fossiliferous  clay  of 
the  St.  Bathan’s  Series,  with  fresh-water  “  mussels,”  fish-remains,  &c., 
is  as  certainly  lacustrine.  The  lignite  beds  with  their  accompanying  dark 
(carbonaceous)  and  light-coloured  clays  may  perhaps  be  set  down  as  pond 
or  marsh  deposits,  or  the  question  of  their  origin  may  be  relegated  to  the 
general  problem  of  the  origin  of  coal.  There  remain  for  consideration 
the  quartz  conglomerates  and  grits  which  form  the  lowest  beds  of  the 
St.  Bathan’s  Series.  Dr.  Cotton  remarks  that  the  question  raised  must 
remain  open  until  the  beds  have  been  carefully  re-examined  with  the  hypo¬ 
thesis  of  fluviatile  origin  in  mind.  Further,  he  states  that  the  lacustrine 
origin  ascribed  to  the  whole  of  the  non-marine  covering  strata  in  Otago 
has  not  heretofore  been  questioned.  These  statements  fail  to  do  justice  to 
McKay,  who  long  ago  pointed  out  that  portions  of  the  covering  strata  are 
of  fluviatile  origin,  and  came  to  the  conclusion  that  the  quartz  drifts  are 
lacustrine  only  after  careful  consideration  of  the  fluviatile  hypothesis,  which 
he  seems  at  one  time  to  have  entertained.  In  his  report  with  the  title 
“  On  the  Origin  of  the  Old  Lake-basins  of  Central  Otago,”  he  writes,  “  At 
this  time  a  great  river  came  from  the  west,  having  a  course  in  an  easterly 
direction,  and  to  this  we  owe  the  auriferous  drifts  which  are  met  with  from 
the  Bannockburn  to  the  Upper  Shag  Valley  ”  (1884,  p.  80).  A  few  years 
later  McKay’s  views  had  changed  somewhat.  He  mentions  that,  the  Blue 
Spur  gravels  near  Lawrence  are  fluviatile  (1897,  p.  92),  whilst  supposed 
younger  quartz  drifts  at  Criffel  Face,  Tinkers,  and  Devonshire  Face 
appear  to  be  the  product  of  river-action  (p.  114),  but  the  auriferous 
parts  of  the  older  quartz  drifts  are  not  arranged  like  leads  along  an  old 
river-bed,  nor  in  fan-shaped  deltaic  deposits  (p.  118).  Such  deposits, 
he  thinks,  have  largely  resulted  from  the  pounding  of  material  (fluviatile 
conglomerates,  &c.)  by  wave-action,  either  on  the  sea-beach  or  on  the 
shores  of  extensive  inland  lakes  (p.  95).  McKay  specifically  states  that 
he  considered  the  possibility  of  river-action  producing  a  pure  quartz 
gravel,  and  after  carefully  observing  the  gravels  of  the  Molyneux,  &c., 
came  to  the  conclusion  that  seemingly  no  river  in  New  Zealand  at  the 
present  time  does  or  can  produce  pure  quartz  gravel  by  current-action 
along  its  bed  (p.  95). 

Some  years  ago,  when  at  Waikaka,  I  gave  careful  attention  to  the 
question  now  raised  again  by  Dr.  Cotton,  and  formed  the  opinion  that  the 
quartz  drifts  in  that  locality  were  in  the  main  formed  with  the  aid  of  wave- 
action  on  beaches.  The  following  passage  may  be  quoted  :  “  It  is  of  some 
importance  to  determine  whether  the  quartzose  gravels  are  river  or  beach 
deposits,  and  in  the  latter  case  whether  they  are  marine  or  lacustrine.  If 
they  are  of  fluviatile  origin,  then  they  would  mark  the  course  of  some 
ancient  river  and  occur  along  a  continuous  but  serpentine  line.  Beach 
deposits,  on  the  other  hand,  would  indicate  the  shore  of  the  sea  or  of  some 
ancient  lake,  and  would  lie  not  on  a  serpentine  or  meandering  but  on  a 
straight  or  gently  curving  line  or  belt.  Other  differences  will  suggest 
themselves,  but  it  is  on  the  present  occasion  necessary  merely  to  refer  the 
reader  to  McKay,  who  has  shown  that  the  quartz  drifts  represent  beach 
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deposits  from  which  soft  rocks  have  been  almost  completely  eliminated 
by  wave-action.  .  ,  .  It  is  not  intended  to  maintain  that  the  whole 

of  the  Miocene  beds  are  of  lacustrine  origin.  .  .  .  The  upper  layers  of 

quartzose  gravel  seen  in  the  Waikaka  Valley  below  the  township  appear 
to  be  of  fluviatile  rather  than  lacustrine  origin”  (1914,  p.  150;  2nd  edition, 
1915,  same  paging). 

My  recent  examination  of  the  splendid  exposures  of  the  quartz  drifts 
at  St.  Bathan’s  and  Muddy  Creek  (to  the  eastward)  lead  me  to  believe 
more  firmly  than  ever  that  McKay  was  essentially  correct  in  his  ex¬ 
planation  of  the  origin  of  the  quartz  conglomerates  and  grits.  It 
may  be  repeated  that  he  does  not  state  that  the  quartz  drifts  are 
wholly  lacustrine  ;  on  the  contrary,  he  gives  full  consideration  to  the 
hypothesis  of  fluviatile  origin,  and  considers  portions  of  the  drifts  to  have 
that  origin. 

Dr.  Cotton  says  that  it  is  obviously  impossible  to  explain  a  widely 
extending  bed  of  fine  quartz  gravel  or  greywacke  gravel  laid  down  with 
horizontal  bedding  as  a  lacustrine  deposit.”  The  greywacke  gravels  being 
admitted  by  McKay  and  myself  to  be  fluviatile,  discussion  is  narrowed  to 
the  quartz  gravels  and  the  associated  beds.  These  do  not,  as  a  rule,  exhibit 
original  horizontal  bedding  in  those  localities  where  I  have  seen  them. 
Current  bedding  is  common,  and  the  lensoid  character  of  many  of  the  minor 
layers  is  easily  traced.  The  carbonaceous  clays  and  lignites  were  apparently 
all  formed  under  water.  Some  of  the  clays  certainly. were,  for  they  contain 
Diploclon  impressions.  The  purity  of  the  quartz  conglomerates,  as  McKay 
pointed  out,  indicates  wave-action  on  beaches.  If,  however,  Dr.  Cotton 
refers  to  the  attitude  of  the  quartz-gravel  beds  as  a  whole,  then  reference 
may  be  made  to  J.  E.  Marr’s  exposition  of  the  manner  in  which  a  nearly 
horizontal  sheet  of  conglomerate  may  be  built  on  an  advancing  or  receding 
shore-line  (1898,  p.  117).  The  widespread  nature  of  the  quartz  drift  is, 
moreover,  evidence  of  overlap,  as  Marr  shows.  Barrell  (1912,  p.  390)  has 
demonstrated  that  important  deltaic  deposits  may  lack  typical  foreset  (and 
bottomset)  beds.  Dr.  Cotton’s  statement,  then,  as  I  understand  it,  may  be 
successfully  challenged. 

The  quartz  of  the  quartz  drifts  is  not,  as  generally  supposed,  all  derived 
from  areas  of  schist.  The  older  rocks  near  St.  Bathan’s  are  greywackes 
and  argillites,  such  as  those  that  form  the  Hawkdun  Range.  In  places 
these  rocks  contain  numerous  irregular  quartz  veins — e.g.,  at  Vinegar  Hill, 
where  quartz  wash  rests  on  their  planed  surface — and  possibly  a  great 
part  of  the  quartz  gravel  here  and  at  St.  Bathan’s  comes  from  the  grey¬ 
wacke  series. 

Attention  may  be  drawn  to  the  fact  that  in  the  Westport  district  highly 
quartzose  conglomerates  and  grits  occur  in  Eocene  coal-measures.  In 
places,  especially  at  Mount  Rochfort,  there  is  a  great  thickness  of  fine  quartz 
conglomerate  at  or  towards  the  base  of  the  measures.  This  must  be 
regarded  as  largely  formed  by  wave-action  on  lake-beaches.  The  coarse 
grits  and  sandstones  of  higher  horizons  exhibit  remarkable  current  bedding. 
I  regard  them  as  largely  fluviatile,  but  deposition  of  portions  in  standing 
water  is  also  clearly  indicated.  The  ponds  or  lakes,  however,  in  this  case 
were  small  and  short-lived. 

Owing  to  the  auriferous  character  of  the  quartz  drifts  of  Otago,  the 
questions  of  their  age  and  origin  are  of  more  than  academic  importance. 
It  is  much  to  be  desired  that  the  fossils  they  contain  (lignitized  and  silicified 
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wood,  leaves,  &c.),  together  with  the  fossils  in  the  overlying  lake-muds, 
should  be  carefully  studied.  A  detailed  geological  survey  of  Central  Otago 
is  justified  from  an  economic  point  of  view  by  the  quartz  drifts  alone,  to 
say  nothing  of  the  other  mineral  possibilities  of  this  region. 


Literature. 

Barrell,  Joseph,  1912.  Criteria  for  the  Recognition  of  Ancient  Delta  Deposits,  Bull. 
Geol.  Soc.  Am.,  vol.  23,  pp.  377-446. 

Cotton,  C.  A.,  1919.  Problems  presented  by  the  Notocene  Beds  of  Central  Otago, 
N.Z.  Jour,  of  Sci.  and  Tech.,  vol.  2,  March,  1919,  pp.  69-72. 

McKay,  Alex.,  1884.  On  the  North-eastern  District  of  Otago,  Rep.  Geol.  Explor. 
during  1883-84,  No.  16,  pp.  45-66;  and  On  the  Origin  of  the  Old  Lake-basins  of 
Central  Otago,  same  vol.,  pp.  76-81. 

-  1894.  On  the  Older  Auriferous  Drifts  of  Central  Otago,  Pari.  Paper  C.-4 ; 

second  edition,  1897  (issued  in  a  different  form). 

Marr,  J.  E.,  1898.  The  Principles  of  Stratigraphical  Geology. 

Marshall,  P.,  1912.  New  Zealand  and  Adjacent  Islands  (reprinted  from  Handbuch 
der  regionalen  Geologie,  Bd.  7,  Abt.  1,  Heidelberg). 

- 1918.  The  Geology  of  the  Tuapeka  District,  N.Z.  Geol.  Surv.  Bull.  No.  19. 

Morgan,  P.  G.,  1914.  The  Waikaka  Gold-mining  Field,  Eighth  Ann.  Rep.  N.Z.  Geol. 
Surv.,  part  of  Pari.  Paper  C.-2,  pp.  147-52. 

Morgan,  P.  G.,  and  Bartrum,  J.  A.,  1915.  The  Geology  and  Mineral  Resources  of  the 
Buller-Mokihinui  Subdivision,  N.Z.  Geol.  Surv.  Bull.  No.  15. 

Park,  James,  1906.  The  Geology  of  the  Area  covered  by  the  Alexandra  Sheet,  N.Z. 
Geol.  Surv.  Bull.  No.  2. 

-  1908.  The  Geology  of  the  Cromwell  Subdivision,  N.Z.  Geol.  Surv.  Bull.  No.  5. 

- 1910.  The  Geology  of  Neiv  Zealand. 


THE  ORIGIN  OF  NEW  STARS :  THE  DYNAMICS  OF 

CELESTIAL  ENCOUNTERS. 

By  A.  C.  Gifford. 

Since  collisions  amongst  the  stars  play  an  important  part  in  the  evolution 
of  the  universe,  it  is  interesting  to  consider  numerically  and  illustrate 
graphically  the  details  of  the  approach  to  such  an  encounter.  The  chief 
points  to  consider  are— 

(i.)  The  forces  in  action  ; 

(ii.)  The  velocity  and  kinetic  energy  acquired  in  reaching  any  definite 
distance  from  the  centre  of  attraction  ; 

(iii.)  The  time  occupied  on  each  stage  of  the  journey  ; 
and,  when  the  motion  is  not  rectilinear,— 

(iv.)  How  the  nature  of  the  orbit  depends  on  the  initial  circumstances 
of  the  motion ; 

(v.)  Whether  the  attracted  bodies,  in  any  particular  case,  will  ultimately 
collide  or  pass  by  one  another  ;  and 
(vi.)  What  happens  when  a  collision  does  occur. 

3 — Science. 
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Rectilinear  Motion, 


I.  Let  a  body  initially  at  rest  with  respect  to  the  Sun  be  drawn  towards 
it  by  gravitation.  It  is  acted  on  by  an  attractive  force  which  varies 
inversely  as  the  square  of  the  distance,  x.  The  equation  of  motion  is, 
therefore, 

d2x  /x 

72  > 


dtl 


X‘ 


where  /a  is  the  attractive  force  at  unit  distance,  a  constant  to  be  determined 
later. 


Integrating,  we  have 


dx>  2 
dt. 


a 


where  a  represents  the  initial  distance. 
If  a  is  infinitely  great, 

'dx\2  2  /x 
.dt )  x 


or 


fX 

V *  —  - 
X 


1-1,2 


where  v  is  the  velocity  at  a  distance  x  :  that  is,  the  kinetic  energy  of  a 
body  per  unit  mass  when  it  arrives  at  a  point  at  a  distance  x  from  the 
centre  of  attraction  is 

[X 

X  * 

The  velocity  at  this  point  is  given  by  the  equation 

v  =  a/A . 
x 

Inverting  each  side  of  the  velocity  equation,  we  have 

dt  x 

dx  2/x 


2  1  3 
'  ' \  ,v  : 


where  c  is  a  constant. 

But  since  t  vanishes  when  x  does  so,  c  =  0 ; 


.*.  t  = 


a/2 


Before  drawing  curves  to  scale  to  represent  these  equations  we  must 
determine  the  value  of  p.  In  order  to  do  so  we  must  first  find  G,  the 
constant  of  gravitation,  in  the  equation 


Attractive  force  = 


GMm 

I2" 


where  M  and  m  are  the  masses  of  two  bodies  and  d  the  distance  between 
them. 
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If  we  take  the  gravitational  force  acting  on  1  gram  at  the  Equator 
as  978-024  dynes,  the  mass  of  the  earth  as  5-98  x  1027  grams,*  and  the 
equatorial  radius  of  the  earth  as  6-378294  X  108  cm.,*  and  substitute  in 
the  equation,  we  find 

G  =  6-6536  X  10~8. 

Abbot,  in  The  Sun ,  gives  the  value 

6*6607  X  10~ 8, 

and  Kaye  and  Laby  give 

6-658  X  10“ 8. 

We  use  the  last  value  in  what  follows. 

To  find  /x  in  the  equation 


d2x 
Tt2  ' 


fJL 

X 


where  y  is  the  attractive  force  on  1  gram  at  unit  distance  from  a  mass  M, 
we  have 

/X  =  G  x =  GM. 

In  the  case  of  a  body  drawn  towards  the  Earth 

/*=  3-98148  x  1020, 

and  in  the  case  of  one  drawn  towards  the  Sun 


/x=  1-31146  X  10 


26 


Let  us  take  the  Sun  as  a  typical  star  and  draw  to  scale  the  following 
curves  to  represent  the  details  of  the  motion  of  a  body  drawn  towards 
it  from  a  very  great  distance. 

(1.)  The  curve  of  force.  The  equation  is 


y 


/JL 


X 


2  > 


where  y  is  the  force  on  unit  mass  at  unit  distance.  The  abscissa  represents 
the  distance  from  the  centre  of  attraction,  and  the  ordinate  the  force  on 
each  gram  at  that  distance. 

(2.)  The  curve  of  work.  The  equation  is 


y 


[A 

x 


This  is  a  rectangular  hyperbola.  The  work  done  on  each  unit  mass  of 
the  body,  up  to  the  time  it  arrives  at  any  point  on  its  path,  may  be  found 
by  summing  the  area  enclosed  between  the  curve  of  force,  the  ordinate 
at  that  point,  and  the  axis  of  x.  This  work  is  stored  in  the  mass  as  kinetic 
energy ;  so  the  ordinate  at  any  point  of  the  curve  of  work  represents  the 
kinetic  energy  of  each  unit  mass  of  the  body  when  it  is  passing  that  point. 
Bickerton  has  given  the  convenient  name  “  kinetol  ”  to  this  quantity. 
It  can  be  measured  conveniently  by  the  number  of  ergs  possessed  by  each 
gram  of  the  moving  body  on  account  of  its  velocity.  The  kinetic  energy 


of  a  body  of  mass  m  moving  with  velocity  v  is 


\mv2 


its  kinetol  is  kv2.  If 


*  These  are  the  means  of  Helmert’s  1906  and  U.S.  Survey  1906  numbers  as  given 


by  Kaye  and  Laby  in  Physical  and  Chemical  Constants. 
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we  divide  the  kinetol  in  ergs  per  gram  by  4T8  X  10 7  we  express  the  energy 
per  gram  in  calories. 

The  heat  equivalent  of  the  energy  per  unit  mass  is  called  the 
“  thermatol.” 

The  same  curve  gives  the  values  of  the  kinetol  and  thermatol ;  but 
the  number  expressing  the  kinetol  in  ergs  per  gram  is  4T8  X  107  times 
as  great  as  that  expressing  the  thermatol  in  calories  per  gram. 

(3.)  The  curve  of  velocity.  The  equation  is 


The  ordinate  at  any  point  represents  primarily  the  velocity  in  centimetres 
per  second.  By  dividing  this  number  by  1-6093  X  105  we  express  the 
velocity  in  miles  per  second. 

(4.)  The  curve  of  duration.  The  equation  is 


This  curve  is  a  parabola.  The  ordinate  at  any  point  represents  the  time 
that  the  body  would  take  to  traverse  unit  distance  with  the  velocity  it 
has  at  that  point. 

(5.)  The  curve  of  time.  The  equation  is 

V2  * 

y=  X-. 

3  V  fi 

The  ordinate  at  any  point  represents  the  summation  of  all  the  elements  of 
area  enclosed  between  the  corresponding  ordinate  of  the  curve  of  duration, 
the  portion  of  that  curve  from  the  ordinate  to  the  origin,  and  the  axis  of  x. 
We  can  read  off  from  it  the  whole  time  taken  from  any  point  to  the  origin 
by  a  body  which  started  from  an  infinite  distance. 


The  Diagrams. 

In  order  to  be  able  to  read  off  the  details  of  the  motion  at  any  distance 
from  the  centre  of  force  it  is  well  to  have  a  number  of  diagrams  drawn  to 
different  scales.  In  the  case  of  a  body  approaching  the  Sun  the  following 
are  convenient  : — 

(1.)  One  representing  the  last  ten  million  years  of  the  journey,  during 
which  the  body  comes  from  a  distance  of  nearly  four  light-years, 
or  rather  less  than  that  of  the  nearest  star.  The  distance  of 
a  Centauri  is  given  as  4-4  light-years.  From  this  diagram  the  time 
can  be  read  off  in  millions  of  years,  the  velocity  in  decimals  of  a 
mile  per  second,  the  kinetol  and  thermatol  in  terms  of  their 
values  at  a  billion  (=  10la)  miles  from  the  sun,  or,  if  preferred, 
directly  in  ergs  and  calories. 

(2.)  One  representing  the  last  three  hundred  years  of  the  journey.  From 
this  we  can  read  the  time  in  years,  the  velocity  in  miles  per 
second,  the  distance  in  thousands  of  millions  of  miles,  and  the 
thermatol  in  thousands  of  calories. 

(3.)  One  representing  the  last  three  months  of  the  approach,  during 
which  the  body  is  within  the  orbits  of  the  Asteroids.  During  this 
stage  the  velocity  reaches  hundreds  of  miles  per  second,  and  the 
thermatol  millions  of  calories  per  gram. 
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LIGHT  YEARS 


THE  'LAST  DAYS  JOURNEY 


UNITS:  FORCE  S’OOTDYNES  TEW.  OK  AM 
KIN&TOL  81492  ER& 

k  THERMAtOL.  2  MIU-l  ONr  CALORIES 

\  VELOCITY  2  5  Mll.ES  Tee  sec 

ORATION  ||  X  IO  9  SEC  Ter  cm. 
TIME  3  HOLTTS 


K[NP~T 


atql 


MILLIONS  OF  MILES 

Z  3  4 


Fig.  2. 


Note. — In  the  explanation  of  units,  for  “  Kinetol,  8-1492  erg”  read  “Kinetol, 
8-1492  x  1013  ergs.” 


Units  of  Velocity,  Work,  or  Force. 
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(4.)  One  representing  the  journey  from  the  orbit  of  Mercury,  which  takes 
barely  a  week. 

(5.)  One  representing  the  last  day’s  journey  before  reaching  the  Sun,  a 
stage  of  over  ten  million  miles. 


Fig.  3. 

As  examples  of  such  diagrams  the  first  and  last  are  given  (figs.  1  and  2). 
Any  one  of  the  other  quantities  may  be  taken  as  the  independent  variable 
instead  of  the  distance.  For  example,  in  fig.  3  the  others  are  plotted Mn 
terms  of  the  time. 

Instead  of  drawing  curves  to  represent  the  variations,  the  values  of  the 
variables  at  definite  points  may  be  calculated  from  the  equations,  and  the 
results  given  in  a  table. 
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From  the  diagrams  or  the  table  we  see  that  a-  body  which  starts  at  an 
infinite  distance  from  the  Sun,  and  is  drawn  towards  it  by  gravitation,  when 
at  the  distance  of  a  Centauri  has  still  11,082,050  years  to  complete  its 
journey.  The  force  acting  on  each  gram  is  only  7-5  billionths  of  a  dyne, 
and  its  thermatol  is  only  §  of  a  calorie. 

Nearly  eleven  million  years  later  its  distance  from  the  Sun  has  been 
reduced  to  a  billion  miles,  and  its  energy  increased  to  20  calories  per 
gram. 

When  all  but  three  hundred  years  of  the  vast  journey  are  accomplished 
the  body  is  still  far  outside  the  limits  of  the  solar  system.  Its  velocity  is 
over  a  mile  and  a  "half  per  second,  and  its  thermatol  1 ,000  calories  per 
gram.  It  is  already  a  formidable  body  to  encounter,  and  its  energy  is 
increasing  every  moment. 

When  only  twelve  years  and  a  half  remain  it  is  crossing  the  orbit  of 
Neptune.  That  of  Uranus  is  reached  six  years  later.  When  it  reaches  the 
orbit  of  Saturn  less  than  two  years  and  a  quarter  are  left.  The  vast  dis¬ 
tance  from  the  orbit  of  Jupiter  to  the  Sun  is  traversed  in  327  days.  Four 
months  before  the  final  catastrophe  the  Asteroids  are  left  behind.  Any 
message  the  body  carries  from  the  orbit  of  Mars  reaches  the  Sun  in  fifty- 
two  days,  nearly  half  of  which  time  is  spent  outside  the  orbit  of  the  Earth, 
and  another  ten  days  between  that  and  the  orbit  of  Venus.  The  final  rush 
of  thirty-six  millions  of  miles  from  the  orbit  of  Mercury  to  the  Sun  is 
accomplished  in  less  than  a  week. 

When  the  visitor  reaches  the  Sun’s  surface  every  gram  of  its  mass 
carries  energy  equal  to  more  than  45  million  units  of  heat,  the  velocity 
being  about  381  miles  per  second. 

In  the  case  of  approach  to  a  more  massive  sun  the  velocity  acquired 
is  correspondingly  greater. 

II.  Let  the  body  start  from  rest  at  a  finite  distance  a  from  the  sun. 
Then,  as  before, 


We  must  now  distinguish  between  the  actual  and  the  parabolic  kinetol. 
The  actual  kinetol  \v2  is  the  kinetic  energy  per  unit  mass  which  the 
body  actually  possesses  in  virtue  of  its  velocity.  The  parabolic  kinetol 
is  the  kinetic  energy  per  unit  mass  which  it  would  have  possessed  at  this 
point  if  it  had  fallen  from  an  infinite  distance.  That  is  the  same  as  the 
energy  per  unit  mass  required  to  carry  it  to  an  infinite  distance  in  spite 
of  the  action  of  the  force. 


The  parabolic  kinetol  at  the  distance  x  from  the  Sun  is  - .  The  equation 

30 

is  therefore  a  statement  of  the  fact  that  when  a  body  starts  from  rest  at 
a  finite  distance  its  kinetol  at  any  point  is  less  than  the  parabolic  kinetol 
there  by  the  parabolic  kinetol  at  the  starting  point. 

For  example,  if  a  body  starts  from  rest  at  the  distance  of  a  Centauri 
instead  of  at  an  infinite  distance,  to  find  its  kinetol  at  any  other  point  we  have 
to  subtract  3-1498  X  104  ergs  per  gram  from  the  parabolic  kinetol  at  that 
point.  As  the  parabolic  kinetol  at  the  Sun’s  surface  is  1-8825  X  1015  ergs 
per  gram,  the  subtraction  does  not  affect  the  first  ten  significant  figures. 
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We  are  therefore  justified  in  saying  that  the  final  kinetol,  thermatol,  and 
velocity  are  practically  identical  whether  the  body  starts  from  rest  at  an 
infinite  distance  or  at  the  distance  of  a  Centauri.  If  the  body  stands  at  the 
distance  of  Neptune  we  have  to  subtract  from  the  kinetol  2*9177  X  101 1  ergs, 
and  this  reduces  the  final  velocity  from  381-284  to  381-251  miles  per 
second,  the  difference  being  approximately  one-thirtieth  of  a  mile  per 
second. 

When,  however,  we  consider  the  time  occupied  on  the  journey  the 
position  of  the  starting-point  is  most  important.  The  path  from  a  point 


Fig.  4. 


at  a  finite  distance  must  be  taken  as  half  the  perimeter  of  the  limiting 
straight-line  ellipse  of  which  the  distance  is  the  major  axis.  The  time  of 
fall  is  half  the  periodic  time  in  this  ellipse  :  therefore 


7 r 


T  =  -7=  •  (Jr) 


v7 


fi 


IT 


2V2 


=  ‘  r2. 

/x 


3tt 


That  is,  the  time  for  the  rest  of  the  journey  is  -j-  times  as  great  as  if  the 

body  had  fallen  from  an  infinite  distance.  This  increases  the  time  of 
fall  from  the  distance  of  a  Centauri  from  eleven  million  to  over  twenty-six 
million  years,  and  that  from  the  distance  of  the  Earth  from  twenty-seven 
to  nearly  sixty -five  days. 

The,  diagrams  given  before  may  be  modified  to  illustrate  the  effect  of 
changes  in  initial  distance  or  initial  kinetol. 


III.  Let  there  be  an  initial  velocity  perpendicular  to  the  directioh  of 
the  force.  Let  the  body  be  projected  from  the  point  A  (see  fig.  4)  in  the 
direction  AT  with  a  velocity  v,  and  let  each  gram  be  acted  on  by  an 
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attractive  force  ^  directed  towards  a  fixed  point  S,  AS  being  perpen¬ 
dicular  to  AT.  The  initial  distance  rQ  of  the  body  from  S  =  AS. 

If  v  =  0,  the  path  will  be  a  straight  line,  the  limiting  form  of  the  ellipse 
of  which  A  and  S  are  at  once  the  vertices  and  the  foci. 


If  v2  <  -  ,  the  body  will  describe  an  ellipse  of  which  S  is  the  farther 
focus.  r 

If  v2  —  it  will  describe  a  circle  with  S  as  centre— that  is  the  ellipse 

of  which  A  is  one  vertex  and  both  the  foci  coincide  with  S. 

2 

If  v2  >  ^  <  -y ,  it  will  describe  an  ellipse  with  A  as  vertex  and  S  the 

nearer  focus. 

2 

If  v2  —  — ,  it  will  describe  a  para-bola. 

f 

2 

If  v 2  >  — ,  it  will  describe  an  hyperbola,  which  will  be  rectangular  if 

«»  =  '-  •-A+-1  =  ^  (a/2  +  1)2. 

r  v  2 _ 1  r 


If  v2  =  oo,  the  straight  line  AT  will  be  the  limiting  form  of  the 
hyperbola. 

The  velocities  for  the  circle,  the  parabola,  and  the  rectangular  hyper¬ 
bola  are  as  1  :  V  2  :  ^2  -(-  1. 


Now,  -  is  the  kinetic  energy  of  each  unit  mass  acquired  in  approaching 

from  an  infinite  distance  to  a  point  at  distance  r,  or  the  kinetic  energy 
which  is  required  to  carry  the  unit  mass  from  a  point  at  a  distance  r  to 
an  infinite  distance  against  the  action  of  the  force.  This  is  called  the 
parabolic  kinetol,  since  any  body  which  possesses  this  quantity,  of  kinetic 
energy  per  unit  mass  will  move  in  a  parabolic  path  whatever  the  direction 
of  its  initial  motion  may  be.  Otherwise  the  orbit  will  be  an  ellipse  or 
hyperbola,  according  as  the  initial  kinetol  is  less  than  or  greater  than  the 
parabolic  kinetol. 

To  find  the  eccentricity,  the  lengths  of  the  axes  of  the  curve,  and  the 
distance  between  the  bodies  at  the  instant  of  nearest  approach  : — 

(i.)  First  let  the  initial  kinetol  be  less  than  half  the  parabolic  kinetol. 
The  path  is  then  an  ellipse,  with  A  as  one  vertex  and  S  the  farther  focus. 
The  initial  distance  r0  =  a{  1+e),  where  a  is  the  semi-major  axis  and  e  the 
eccentricity. 

At  every  point  of  the  curve 


v 


2 


2, a 

r 


> 

a 


or 


r  —  W 
r 


which  is  simply  the  symbolical  statement  of  the  fact  that  the  excess  of  the 
parabolic  over  the  actual  kinetol  is  constant  and  is  equal  to  the  parabolic 
kinetol  at  a  point  which  is  at  a  distance  from  the  focus  equal  to  the  major 
axis. 

Its  actual  energy  at  any  point,  therefore,  is  just  sufficient  to  carry  the 
body  away  from  the  focus  to  a  distance  equal  to  the  major  axis,  if  the 
direction  of  motion  is  changed  so  that  it  moves  directly  away  from  the  focus. 
This  is,  of  course,  the  energy  that  is  acquired  in  falling  to  the  point  from 
the  circle  whose  centre  is  the  focus  and  radius  the  major  axis. 
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If  we  denote  tlie  initial  values  of  the  parabolic  and  actual  kinetol 
by  K  and  k,  we  have 

-  =  2  (K  —  k)  ; 


a 


.  .  [i  K 

therefore  the  major  axis  =  2 a  =  g - ^  =  g - ^  •  rQ  , 


since 

Now,  r0  =  a  (1  +  e) 


-  =  K. 


(1  +  e) 


K 


K-  k  0 
2K-2  k 


)•  =  2r„ ; 


e  — 


K 


1  =  1 


2Jc 

K 


The  minor  axis  26  is  given  by 

b2  =  a2  ( l-e 2) 


2/1  I  \ 2 

=  a2  (1  +  e)2  - — — 

1  +  e 


=  r  2  • 


°  K  —  &  ’ 


26  =  2r. 


\/ _ =  2/;;  \/ 


& 


K  —  k  K  K-r 


The£  distance  Jbetween  the  bodies  at  the  instant  of  nearest  approach  is 
(1 — e)  a,  and  the  initial  distance  is  (1-f-e)  a  ;  therefore 


nearest  approach  1  —  e 


k 


initial  distance 
nearest  approach  = 


1  -f-  e  K  —  k’ 

k  K  . 


~ - 7  •  rn  =  7  maior  axis. 

K  —  k°  k  J 


Example  1. — If  k  is  given  in  succession  the  values 

111  1 


10’  100’  1000’  10000 


of  K  respectively, 


.1W  ,  ,,  ,  4  49  499  4999 

e  will  take  the  values  5Q!  —  , 

,  .  .  xl  |  10  100  1000  10000  . 

the  major  axis  the  values  — ,  times  r 


9  ’  99  ’  999  ’  9990 

3  3 '/IT  3\/m  3VITTT 


o  ? 


the  minor  axis  the  values  g,  ^  ,  500  .  5000 

2  2  VlT  2Vffl  2vT[Tl 

or  — - - - 

3’  33  ’  333  ’  3333 

and  the  distance  of  nearest  approach  the  values 

Io_  and  Jo_ 

9  ’  99  ’  999  5  '  9999  * 


of  the  major  axis, 


of  rQ , 


44 


The  N  Z.  Journal  of  Science  and  Technolocy. 


[Feb. 


Conversely,  in  order  that  the  distance  of  nearest  approach  may  be 
t'oj  tuo>  tuooj  or  Toboo  initial  distance,  the  initial  values  of  k  must 

Lp  _i_  _A_ _ 3 _ or> _ A _ <-)(  |\ 

11’  101’  lOOl’  10001 

Example  2. — To  find  the  velocity  with  which  a  particle  must  be  pro¬ 
jected,  at  right  angles  to  the  attractive  force,  when  at  a  distance  from  the 
Sun  equal  to  that  of  Neptune,  in  order  that  it  may  just  graze  the  surface 
of  the  Sun. 

The  distance  of  the  Sun  is  6452  times  the  Sun’s  radius  ;  therefore 


k 


1 


K  —  k  6452  ’ 
.-.  K  =  64537c ; 

therefore  the  particle  must  have  a  kinetol 

i  i 


of  the  parabolic,  and 


therefore  a  velocity  of 


V 6453 


6453 

of  the  parabolic  velocity,  which 


80-33 

we  see  from  the  table  is  4-7578  miles  per  second.  The  particle,  there¬ 
fore,  will  just  graze  the  surface  of  the  Sun  if  the  initial  velocity  is 
0-05923  mile  per  second. 

Corollary  :  If  the  velocity  at  the  distance  of  Neptune  is  less  than 
0-05923  mile  per  second  a  collision  is  inevitable  whatever  the  angle  of 
projection. 

(ii.)  If  the  actual  initial  kinetol  =  J  the  initial  parabolic  kinetol,  then 
e  =  0.  The  curve  is  a  circle,  the  two  foci  coinciding  with  S.  The  distance, 
therefore,  never  varies  from  its  initial  value. 

(iii.)  If  the  actual  initial  kinetol  >  \  the  initial  parabolic  kinetol,  but 
<  the  initial  parabolic  kinetol,  then  S  is  the  nearer  focus  and  AS  =  a  (1—  e) ; 

K 


ro  = 


1  —  e 


2(K-  k) 
2  (K  —  k) 


rQ  (1  —  e) 


K 


2  — 
A  K 


1. 


The  starting-point  is  the  position  of  nearest  approach. 

(iv.)  If  k  =  K,  the  eccentricity  =  1,  the  curve  is  a  parabola  with  A  as 
vertex  and  S  as  focus,  the  axes  are  infinite,  and  A  is  the  point  of  nearest 
approach. 

(v.)  If  k  >  K,  the  curve  is  an  hyperbola.  At  every  point  of  the  path 

®2  =  A-  +  - 

V  r  a 


or 


t  =  l„o2  —  —  =  —  K  ; 

2  a  2  °  r0 


2  a  — 


fX 


k  —  K 
K 


therefore  the  major  axis 
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The  point  A  is  the  vertex,  and  therefore  the  position  of  nearest 
approach. 

r0  =  AS  =  a  (e  —  1) ; 


(e  _  l)  _ it _ =  it. 

{  1  2(&  —  K)  K' 

,  2  (k  —  K) 

e  —  1  —  - ^ - “  5 


Fig  6. 
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IV.  Let  a  particle  be  projected  from  a  point  P  in  a  direction  which  makes 
an  angle  a  with  PS,  where  S  is  the  centre  of  attraction.  (See  fig.  5.) 

(i.)  K  >  k. 

Let  the  initial  velocity  be  vQ  and  the  initial  distance  rQ.  Since  in  all 
positions  in  the  curve 


/X  2  (X 

a  r 

fX 


2  . 


2(K  —  k) ; 

fx  K 


a 
.  2 a 


K  —  k  K -k  °* 

That  is,  the  major  axis  is  constant  whatever  the  angle  of  projection. 

To  find  the  eccentricity  and  the  minor  axis  of  the  path,  draw  the  hodo- 
graph  BHD,  of  which  0  is  the  pole  and  C  the  centre.  (See  fig.  6.) 

CO 


Then 


e  — 


CH 


OH  =  vQ  ,  HC  = 


7 r 


Voro  Sill  a 


,  and  Z  OHC  =  -  —  «, 


Now  CO2  =  CH2  +  OH2  -  2CH  .  HO  sin 

2  fx 


a 


=  CH2  +  ^02  -  : 

2  [X 


v0r0  sin  a 


vQ  •  sm  a 
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*’*  CH2  “  1 
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[X‘ 


vq2tq2  sin2a 


1  — 


4  k  (K  —  k) 
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•  1 
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e*  =  — 


4A;(K  —  k)  . 


sm2a. 


KV 

b 2  —  a2(  1  —  e2) ; 

2v/A;(K  —  k)  . 

.  b  =  a  • - = - sm  a 

l\. 


=  t  \I  ^ 

K*  K-  k 


=  V 


sm  a 


k 

K  —  k  r°  Sm  a* 


That  is,  the  minor  axis  is  directly  proportional  to  the  sine  of  the  angle  of 
projection. 

xt  /  fi  —  fy  .  2 

Now  e  =  v  1 - -  sm  < 

I  K2 


a 


—  y  {1  —  c  sin2a} , 

where  c  is  a  constant.  Therefore  e  diminishes  as  a  increases. 
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When  a  =  0,  e  =  1,  and  the  curve  is  the  limiting  straight-line  parabola. 


When  a  =  90°,  e  =  1 — 2 


h 

=,  which  agrees  with  the  result  obtained  in  III. 


The  distance  at  the  point  of  nearest  approach  is 

SA  =  a  (1  —  e) 

=  a  {1  —  v/(l  —  c  sin2a)} . 

This  distance  therefore  increases  as  the  angle  increases. 


THE  VALUE  OF  e  AND  RELATED  FUNCTIONS 


FOR  DIFFERENT  ANGLES  OF  PROJECTION. 


INITIAL  KINETOL  — -  OF  PARABOLIC. 

1  O 


Fig.  7. — Angles  of  projection  made  with  line  joining  the  two  bodies. 
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[Unit  =  Length  of  Semi-major  Axis. 
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If  a  =  0,  e  —  1,  and  SA  =  0,  which  is  evident,  since  the  impact  is 
now  direct. 

If  in  any  case  the  ratio  of  k  :  K  is  known  we  can  determine  the 
constant  c  and  draw  graphs  giving  the  values  of  e  and  a  (  1  —  e)  for  all 
angles  of  projection. 
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Example  3  — If  t  he  initial  kinetol  is  of  the  parabolic  kinetol, 

k-M. 

k~io’ 

.'.  e  —  \/  {  1  —  '36  sin2a} . 

The  values  of  e  for  different  angles  of  projection,  and  the  distance  at 
the  point  of  nearest  approach  in  terms  of  the  semi-major  axis,  are  given 
in  figs.  7  and  8. 

Example  4. — A  body  is  projected  from  a  point  as  far  from  the  Sun  as 
the  orbit  of  Neptune,  and  its  initial  kinetol  is  ^  of  the  critical  :  at  what 
angle  must  it  be  projected  in  order  that  it  may  just  graze  the  surface  of 
the  Sun  ? 

If  it  were  projected  at  an  angle  of  90°  with  the  line  from  it  to  the  Sun, 

f 

its  nearest  approach  would  be  (see  p.  43) — -.that  is,  about  719  times  the 

9 

Sun’s  radius.  If  the  angle  is  a,  this  distance  is  reduced  to 


719  (1  -  Vl  —  -36’ 


sin2aV 


If  this  equals  unity,  V  1  —  *36 


718 . 
Sin  a  719’ 


•36  sin 2  a 


:  1  - 

1437 
(7i9)2 ; 


/718>  2 
4719. 


Sin  a  - 


10^1437 
6  X  719 


•0879. 


a  =  5°  3'  approx. 

If  gravity  did  not  act,  the  necessary  angle  would  be  -  radius. 

The  angle  is  increased  approximately  '0879  X  6452  times — approximately 
569  times. 

That  is,  the  chance  of  collision  is  increased  323,600  times  by  the  action 
of  gravitation. 

(ii.)  K  =  k. 

If  the  initial  values  of  the  actual  and  parabolic  kinetol  are  identical 
the  eccentricity  will  be  unity  and  the  curve  a  parabola  whatever  the  angle 
of  projection.  The  distance  of  nearest  approach,  however,  will  vary  when 
the  angle  changes. 

Let  the  particle  be  projected  from  the  point  P  with  parabolic  velocity, 
and  let  S  be  the  centre  of  force.  (See  fig.  9.) 

Then  A  is  the  point  of  closest  approach,  and 

SA  =  iSX  =  i(SP-SN) 

-  |SP  (1  -  cos  2  a) 

=  SP  sin2a. 


That  is,  the  distance  at  the  point  of  nearest  approach  varies  as  the  square 
of  the  sine  of  the  angle  of  projection,  and  takes  all  values  from  0,  when 
the  impact  is  direct,  to  rQ,  the  initial  distance,  when  a  =  90°. 

4 — Science. 
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Example  5. — To  find  the  maximum  angle  of  projection  in  order  that  a 
particle  with  parabolic  velocity  projected  from  a  point  in  the  orbit  of 
Neptune  may  just  graze  the  surface  of  the  Sun. 


SA  _  1 
SP  “  6452  ’ 


sin 2  a  = 


sin  a  = 


1 

6452’ 

1 

8(433  ‘ 


a  =  nearly  43b 

This  is  about  80*33  times  the  angle  which  the  radius  of  the  Sun  subtends 
at  this  distance.  So  gravity  increases  the  chance  of  collision  6,452  times. 


(iii.)  K  <  k. 

When  the  initial  kinetol  exceeds  the  parabolic  the  curve  will  be  an 
hyperbola  whatever  the  angle  of  projection. 

Since  at  every  point  on  the  path 


v 


2 


2  fJL 

T 


\ 


.  t 
a 


=  2(Jfc-K). 
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which  is  constant  whatever  the  angle  of  projection. 
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To  find  the  eccentricity,  draw  the  hodograph,  and,  as  before, 

9  4 k{k  —  K)  sin2a 

e  1  = - w - ; 

e  =  Vl  +  c  sin2a , 

where  c  is  a  constant.  The  distance  of  nearest  approach  =  a(e  —  1). 
Since  a  is  constant,  this  varies  as 

Vl  +  c  sin2a  —  1. 

If  the  starting-point  and  the  velocity  are  known  c  can  be  easily  found. 
We  can  then  plot  the  values  of  e  —  1  for  all  values  of  a,  and  then  read  off 
the  distance  of  nearest  approach  for  any  particular  angle  of  projection  in 
terms  of  the  major  axis  or  of  the  initial  distance. 

We  notice  that  if  a  =  0°  the  nearest  distance  vanishes,  that  it 
increases  as  the  angle  of  projection  increases,  and  reaches  the  value  rQ  when 
a  =  90°. 

Since  the  stars  appear  to  have  proper  motions  averaging  perhaps  20  miles 
a  second,  and  the  parabolic  velocity  at  a  distance  from  our  Sun  equal  to 
that  of  a  Centauri  is  barely  one-twentieth  of  a  mile  per  second,  it  follows 
that  in  the  great  majority  of  cases  of  actual  collision  the  paths  of  approach 
will  be  hyperbolic  orbits  of  very  great  eccentricity.  Such  orbits  differ 
little  from  straight  lines.  The  difference  of  velocity  just  mentioned  gives 
k  =  160000  K.  If  the  body  was  projected  at  right  angles  to  the  line  of 
force  this  would  give  e  the  value  319999. 

For  any  other  angle  of  projection 

e  =  y  {1  +  4  X  160000  X  159999  sin2a} 

=  K/  {1  +  (320000  sin  a)2}  approx. 

=  320000  sin  a  unless  a  is  extremely  small. 

If  a  has  a  value  as  great  as  30",  e  is  >  3200,  and  e  —  1  is  practically  the 
same  value. 

The  distance  at  the  point  of  nearest  approach  is  given  approximately 
in  such  cases  by  the  simple  formula 

rQ  sin  a, 

which  means  that  the  path  is  not  appreciably  altered  by  the  attractive 
force,  and  remains  practically  a  straight  line. 

In  all  questions  relating  to  the  collisions  of  stars  it  is  important  to 
remember  that  any  kinetol  or  thermatol  due  to  proper  motion  persists 
throughout,  and  in  determining  the  final  values  must  be  added  to  those 
produced  subsequently  by  gravitation.  The  consequent  changes  in  the 
velocity  are,  however,  comparatively  slight.  For  instance,  if  a  body  passes 
the  distance  of  a  Centauri  with  a  velocity  of  25  miles  per  second,  instead 
of  one-twentieth  of  a  mile  per  second,  which  is  the  parabolic  velocity  at  that 
distance,  and  moves  so  as  just  to  graze  the  Sun’s  surface,  its  original 
thermatol  of  over  193,000  calories  is  added  to  the  final  thermatol,  but  its 
final  velocity  is  changed  by  less  than  a  mile  per  second — viz.,  from  381-284 
to  382-106  miles  per  second. 

The  consequences  which  follow  the  collision  of  two  stars  will  form  the 
subject  of  another  article. 
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NATURAL  -  HISTORY  NOTES. 

The  Pupation  of  Nymphostola  galactina  Felder,  by  J.  G.  Myers. 

A  specimen  of  the  pupa  of  Nymphostola  galactina  Felder  was  taken 
on  the  27th  October  last  near  the  Otaki  “  Forks,”  fastened  by  its  ter¬ 
minal  segments  to  the  upper  surface  of  the  leaf  of  a  species  of  Melicytus, 
which  it  resembled  in  its  brilliant  green  coloration.  The  pupa,  which 
was  attached  to  the  midrib,  projected  almost  at  right  angles  from  the 
surface  of  the  leaf,  exposed  to  full  sunlight,  on  the  edge  of  the  bush. 
This  position  of  the  pupa,  similar  to  that  of  numerous  butterflies  and 
of  the  plume-moths,  has  not  been  previously  recorded  in  the  life-history 
of  this  species.  I  am  indebted  to  Mr.  G.  Y.  Hudson  for  the  identification 
of  the  recently  emerged  imago,  and  for  much  kind  assistance  in  other 
directions. 

Note  on  Two  Northern  Cirripedes  recorded  from  New  Zealand,  by 

Professor  Charles  Chilton. 

In  the  list  given  by  the  late  Captain  L.  S.  Jennings  in  his  “  Revision  of 
the  Cirripedia  of  New  Zealand  ”  {Trans.  N.Z.  Inst.,  vol.  50,  p„  57)  two 
northern  species  are  mentioned  which  were  included  after  some  hesitation — 
viz.,  Balanus  crenatus  Bruguiere  and  B.  porcatus  Da  Costa.  Mr.  H.  A. 
Pilsbry,  whose  exhaustive  report  on  the  “  Sessile  Barnacles  (Cirripedia) 
contained  in  the  Collections  of  the  U.S.  National  Museum  ”  (U.S.  Nat.  Mus. 
Bull.  93)  was  published  in  1916,  has  been  endeavouring  to  trace  all  the 
austral  records  for  northern  species,  and  at  his  request  specimens  of  these 
two  species  were  forwarded  to  him  for  confirmation  or  otherwise  of  the 
identifications. 

The  record  of  Balanus  crenatus  was  based  on  three  empty  shells  obtained 
from  the  hull  of  the  Antarctic  exploring-ship  “  Terra  Nova  ”  when  she  was 
docked  in  Lyttelton  Harbour  on  the  5th  November,  1910.  After  compari¬ 
son  of  these  with  specimens  from  Plymouth,  England,  Jennings  came  to 
the  conclusion  that  they  veiy  probably  belonged  to  the  species  named, 
and  Mr.  Pilsbry  confirms  the  identification. 

The  “  Terra  Nova  ”  had  sailed  from  England  down  the  Atlantic,  calling 
at  Trinidad,  Cape  Town,  Hobart,  and  Melbourne  on  her  way  to  New  Zea¬ 
land,  and,  as  Pilsbry  suggests,  she  had  most  probably  picked  up  the 
species  in  northern  waters,  and  it  should  not  properly  be  included  in  the 
New  Zealand  Cirripedia. 

Balanus  porcatus  was  identified  by  Jennings  on  specimens  from  Auck¬ 
land  collected  by  Suter,  and  others  of  unknown  locality  in  Mr.  V/.  R.  B. 
Oliver’s  collection,  though  his  manuscript  notes  show  that  the  specimens 
did  not  altogether  agree  with  the  description  of  the  species.  Mr.  Pilsbry 
finds  that  the  specimens  submitted  to  him  belong  to  Balanus  trig  onus 
Darwin,  as,  on  removal  of  the  encrustation,  they  show  the  colour-markings 
of  that  species,  and  one  which  he  dissected  has  the  characteristic  “  teeth  ” 
on  the  third  cirri  as  figured  in  his  “  Sessile  Barnacles  ”  (fig.  28).  The  other 
specimens  in  Jennings’s  collection  appear  to  be  the  same  as  those  sent  to 
Mr.  Pilsbry,  and  accordingly  Balanus  porcatus  should  be  removed  from  the 
list  of  New  Zealand  species. 
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On  Siphonalia  dilatata  of  Silter’s  Manual,  by  Charles  Hedley,  Australian 

Museum. 

As  the  guest  of  the  Municipal  Council  of  Auckland  I  had  the  pleasure  of 
accompanying  Mr.  A.  E.  Brooks  on  a  trawling  trip  of  the  s.s.  “  Cowan  ” 
off  Tiritiri  Island.  On  a  previous  excursion  the  trawl  had  brought  up 
some  whelks,  which  the  steward  served  to  us  boiled,  as  a  slight  refection 
and  a  substitute  for  “  morning  tea.” 

■  •  The  whelk  to  which  we  were  thus  introduced  was  pounced  on  by  us  as 
a  species  like,  but  distinct  from,  Siphonalia  dilatata ,  and  which  neither  of 
us  had  ever  seen  before.  After  reflection  I  suggested  to  my  companion  that 
the  rarity  was  probably  what  Mr.  Suter  had  discussed  in  the  Manual  as 
Megalatractus  maximus.  To  this,  after  looking  at  the  book,  he  agreed. 

Subsequently  I  continued  the  study  of  this  species  in  the  Australian 
Museum,  and  reached  the  conclusion  that,  though  this  is  what  Mr.  Suter 
regarded  as  Megalatractus  maximus ,  the  identification  was  erroneous,  and 
that  this  name  should  be  omitted  from  the  New  Zealand  fauna.  I  am  in 
agreement  with  Mr.  Iredale’s  remarks  {Trans.  N.Z.  Inst .,  vol.  47,  p.  463, 
1915)  on  the  use  of  the  genus  name  Megalatractus.  Further,  I  suggest 
that  this  shell  with  the  single  peripheral  row  of  compressed  nodules  is  really 
a  misunderstood  and  long-lost  species  of  Quoy  and  Gaimard — Fusus  dilatatus. 

Again,  the  New  Zealand  shell  usually  labelled  as  Siphonalia  dilatata 
should,  I  suggest,  take  the  name  of  Verconella  adjusta  Philippi  (Abbild. 
Beschr.,  ii,  1845,  p.  21,  pi.  ii,  fig.  7). 

Siphonalia  dilatata  does  not,  in  my  opinion,  extend  to  southern  Australia. 
The  shell  to  which  this  name  has  there  been  given  is  rightly  Verconella 
oligostira  Tate. 

A  Revised  Name  for  a  New  Zealand  Trochoid,  by  Charles  Hedley, 

Australian  Museum. 

From  the  vague  locality  of  “  Oceania  ”  Dr.  Paul  Fischer  described 
Trochus  scamnatus  in  1878.  Twenty  years  afterwards  this  was  recognized 
by  Mr.  H.  Suter  as  identical  with  a  shell  from  the  beach  of  New  Brighton, 
New  Zealand. 

Less  than  a  year  before  the  appearance  of  Dr.  Fischer’s  article  a  shell  was 
described  by  the  Rev.  J.  E.  Tenison-Woods  as  Gibbula  dolorosa  and  as  from 
Bass  Straits.  This  Gibbula  has  never  been  retaken  by  any  Tasmanian  or 
Australian  collector.  Recently  Mr.  W.  L.  May  sent  me  one  of  the  few 
existing  specimens  of  G.  dolorosa,  suggesting  that,  as  the  Tasmanian  record 
was  so  doubtful,  I  might  find  a  match  for  G.  dolorosa  among  exotic  species. 
Prompted  by  so  shrewd  a  guess,  I  easily  found  that  G.  dolorosa  was  the 
same  as  a  shell  which  Mr.  Suter  had  sent  me  from  New  Brighton  under  the 
name  of  scamnata.  This  observation  affects  two  faunas  :  it  removes  a 
fictitious  record  from  the  Tasmanian  list,  and,  as  Fischer’s  name  was 
younger,  G.  dolorosa  must  now  replace  it  in  New  Zealand. 

The  synonymy  stands  thus  : — 

Cantharidella  dolorosa  Ten. -Woods. 

Gibbula  dolorosa  Ten. -Woods,  Proc.  Roy.  Soc.  Tasm .,  1876  (27  Feb.,  1877),  p.  142  ; 
id.,  op.  cit.,  1877,  p.  41  ;  1879,  p.  69;  id.,  May,  op.  cit.,  1902,  p.  113;  id.,  Hardy, 
op.  cit.,  1915,  p.  65;  id.,  Tate  and  May,  P.L.S.  N.S.W.,  xxvi,  1901,  pp.  404,  446, 
pi.  xxiv,  fig.  31.  Trochus  ( Gibbula )  scamnatus  Fischer,  Journ.  de  Conch.,  xviii  (1  Jan., 
1878),  p.  66;  id.,  Coquilles  vivantes,  Troqne,  1880,  p.  394,  pi.  117,  fig.  4.  Gibbula 
scamnata  Suter,  Proc.  Mabac.  Soc.,  ii,  1897,  p.  278  ;  id.,  Suter,  Man.  N.Z.  Moll.,  1915, 
p.  138,  pi.  38,  fig.  23. 
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Cominella  quoyi  Kiener,  by  Charles  Hedley,  Australian  Museum. 

Discussing  this  entry  in  his  Manual  (p.  389),  Mr.  Suter  remarked  that 
he  had  never  seen  a  shell  from  New  Zealand  which  would  correspond  to 
the  figure  of  Kiener. 

I  now  suggest  that  Kiener’s  Buccinum  quoyi  was  based  on  an  immature 
individual  of  a  smooth  form  of  the  common  tropical  Pollia  undosa  Linne. 
If  so,  there  is  no  possibility  that  it  should  be  a  member  of  the  fauna  of  New 
Zealand. 

On  the  Occurrence  of  the  Australian  Coot  in  New  Zealand,  by  Alfred 

Philpott. 

On  the  18th  July  last  a  specimen  of  the  Australian  coot  ( Fulica  atra 
tasmanica  Gould)  was  brought  to  the  Southland  Museum  by  Mr.  A.  Ball, 
of  Invercargill,  the  bird  having  been  shot  at  Mataura  Island  a  few  days 
previously  by  Mr.  George  Dickson. 

The  bird  was  skinned  by  Mr.  Robert  Gibb,  from  whom  I  learn  that 
it  was  an  old  male,  in  very  fat  condition. 

Reference  to  all  literature  available,  and  inquiry  of  the  curators  of  the 
museums  of  the  Dominion  (to  whom  I  desire  to  express  my  thanks),  has 
shown  that  so  far  as  is  known  this  is  the  third  occurrence  of  the  species 
in  New  Zealand. 

The  first  example  was  taken  in  1889,  and  is  referred  to  by  Sir  Walter 
Buller  in  his  Supplement  to  the  Birds  of  ]\!eiv  Zealand ,  vol.  1,  page  75  :  “I 
have  to  add  to  the  list  of  New  Zealand  birds  the  Australian  coot,  a  specimen 
of  which  was  killed  in  July,  1889,  at  Lake  Waihora,  in  the  Provincial  District 
of  Otago,  and  the  bird  sent,  in  the  flesh,  by  Mr.  R.  Ramage,  to  the  Dunedin 
Museum.  There  is  no  record  of  this  species  being  brought  alive  from 
Australia,  and,  even  if  it  had  been,  it  is  difficult  to  see  how  it  could  have 
reached  that  remote  district.  It  is  the  only  New-Zealand-killed  specimen 
at  present  known  ;  but  the  habits  of  the  bird  are  recluse,  and  it  is  not 
improbable  that  many  more  exist  in  the  swamps  and  sedges  of  the  interior. 
This  particular  bird  (which  is  carefully  preserved  in  the  Museum)  proved 
to  be  a  female.’ ! 

After  the  lapse  of  nearly  thirty  years  a  second  specimen  was  shot  at 
Kaitangata-.  From  Professor  Benham,  Curator  of  the  Otago  Museum,  I 
learn  that  this  bird  was  a  male,  and  that  it  was  killed  by  Mr.  Alfred  Mathews 
in  May,  1919. 

The  Australian  coot  is  a  subspecies  of  the  European  bird.  It  is  dis¬ 
tributed  throughout  Australia  and  Tasmania,  where  it  is  found  chiefly 
about  lakes,  lagoons,  and  sluggish  streams,  occasionally  appearing  at  suit¬ 
able  coastal  localities,  such  as  estuaries.  Its  food  consists  of  aquatic  insects 
and  molluscs,  and  probably  also  of  some  vegetable  matter. 

It  will  be  noted  that  Sir  Walter  Buller  inclined  to  the  opinion  that  the 
bird  may  be  indigenous,  pointing  out  that  as  the  species  is  of  retiring  habits 
it  may  exist  in  the  swamps  of  the  interior.  There  is,  of  course,  a  possibility 
that  this  may  be  so,  but  it  seems  more  likely  that  the  few  specimens  met 
with  are  stragglers  from  Australia  or  Tasmania.  Owing  to  its  shy  habits 
and  reluctance  to  take  wing,  the  coot  would  not  be  a  familiar  bird  to 
the  ordinary  observer ;  but  it  is  hardly  likely  that  it  would  remain 
unknown  to  the  Maoris,  and  we  have  no  evidence  that  they  were  acquainted 
with  it.  • 
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Writing  of  the  European  coot  ( Fulica  atra  atra  L.),  Newton  (A  Dictionary 
of  Birds ,  p.  103)  says  that  “  though  its  wings  appear  to  be  short  in  propor¬ 
tion  to  its  size,  and  it  seems  to  rise  with  difficulty  from  the  water,  it  is 
capable  of  long-sustained  and  rather  rapid  flight,  which  is  performed  with 
the  legs  stretched  out  behind  the  stumpy  tail.  It  swims  buoyantly,  and 
looks  a  much  larger  bird  in  the  water  than  it  really  is.  It  dives  with  ease.” 
Other  ornithologists  write  to  the  same  effect,  and  Horsefield  ( British  Bird 
Life,  p.  385)  states  that  the  bird’s  rate  of  progression  on  the  wing  when 
driven  up  from  the  reed-beds  by  sportsmen  is  equal  to  that  of  a  rocketing 
pheasant. 

In  this  strength  of  flight  and  expertness  in  swimming  and  diving  lie 
probably  the  explanation  of  the  occurrence  of  the  species  in  New  Zealand. 
Driven  out  of  sight  of  land  by  strong  westerly  gales,  the  bird  would  soon 
lose  its  bearings,  and  continue  blindly  on  before  the  wind.  At  times  it 
could  rest  on  the  water,  and  though  death  from  exhaustion  would  probably 
be  the  most  frequent  end,  yet  an  occasional  fortunate  individual  might 
reach  the  shores  of  New  Zealand. 

There  is  another  factor  which  might  favour  the  coot  in  its  long  journey. 
Wilson  ( American  Ornithology,  vol.  3,  p.  84)  states  that  the  American  coot 
( Fulica  atra  americana  Gmelin)  is  often  excessively  fat,  and  the  Australian 
coot  shot  at  Mataura  Island  was  also  very  fat.  Though  not  perhaps  con¬ 
ducive  to  long-sustained  flight,  the  good  condition  of  a  bird  would  probably 
be  of  advantage  where  rest  could  be  taken  at  intervals. 

That  an  indigenous  coot  formerly  existed  in  this  country  is  known. 
A.  Hamilton  {Trans.  N.Z.  Inst.,  vol.  25,  p.  98)  describes  Fulica  prisca  from 
numerous  bones  found  at  Castle  Rock.  But  F.  prisca  was  a  much  larger 
bird  than  F.  tasmanica,  approaching  nearer  to  Notornis  in  dimensions. 
Colenso’s  coot  (F.  novae-zealandiae  Colenso),  of  which  the  type  specimen  was 
released  by  the  describer,  was  captured  in  1845,  and  since  that  date  nothing- 
definite  has  been  heard  of  the  species,  though  A.  Hamilton  [Trans.  N.Z. 
Inst.,  vol.  25,  p.  98)  mentions  that  he  “  had  a  report  from  a  sportsman 
who  killed  a  small  bird  answering  to  Mr.  Colenso’s  description  in  a  swamp 
near  Wanganui,  but  by  an  accident  the  specimen  was  lost.” 

Colenso’s  coot,  from  the  description  given,  could  not  have  been  F.  tas¬ 
manica,  so  that  we  have  apparently  had  at  least  two  coots  in  New  Zealand 
both  of  which  are  now  extinct.  This  has  some  bearing  on  the  question  as 
to  why,  if  occasional  specimens  of  F.  tasmanica  reach  these  islands,  the 
species  has  not  succeeded  in  establishing  itself.  It  may  be  that  there 
exists  in  the  present  environment  factors  inimical  to  the  genus. 

Entomological  Mews,  by  G.  V.  Hudson,  F.E.S.,  F. N.Z. Inst. 

In  the  Transactions,  Entomological  Society  of  London,  for  1919,  Part  I, 
issued  on  the  15th  August  last,  the  first  article  is  by  Dr.  H.  Eltringham, 
on  the  subject  of  butterfly  vision.  In  this  paper  the  author  points  out 
that  his  interest  in  the  subject  was  first  aroused  by  the  elaborate  investi¬ 
gations  made  by  the  German  physiologist  Hess,  who  makes  the  startling- 
announcement  that  all  insects,  or  at  least  all  those  on  which  he  experimented, 
are  totally  colour-blind.  In  connection  with  this  statement  Dr.  Eltring¬ 
ham  remarks  that  “  so  far  as  butterflies  are  concerned  colour  would  seem 
to  be  inseparably  associated  with  their  very  existence  ;  and  to  be  told, 
with  alleged  weight  of  evidence,  that  their  own  colours  and  those  of  their 
surroundings  have  for  them  no  existence  is  to  receive  a  rude  shock  to  our 
most  cherished  traditions.” 

In  the  first  part  of  his  paper  Dr.  Eltringham  gives  a  very  full  account 
of  the  structure  of  the  compound  faceted  eye  of  butterflies,  and  incidentally 
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of  certain  other  insects,  comparing  his  own  results  with  those  of  many 
other  observers.  The  consensus  of  opinion  drawn  from  these  investigations 
appears  to  be  that  the  picture  on  the  retina  of  the  butterfly’s  eye  is  a  mosaic. 
In  addition  to  figures  of  anatomical  details,  a  coloured  plate  is  given  show¬ 
ing  a  tortoiseshell  butterfly  (1)  as  it  appears  to  the  human  eye,  (2)  as  it  is 
assumed  to  appear  to  another  of  the  same  species  at  a  distance  of  2  in., 
and  (3)  the  same  on  the  same  assumption  at  a  distance  of  12  in.  The  last- 
named  figure  (3)  is  a  very  indistinct  image,  and  is  about  the  limit  of  recog¬ 
nizable  visibility  ;  the  author,  however,  from  his  own  special  investigations, 
considers  that  the  distance  at  which  recognition  can  take  place  should  be 
extended  to  3  ft.  A  great  number  of  experiments  were  carried  out  with 
butterflies  in  the  field,  particularly  in  connection  with  the  power  of  the 
living  insect  to  recognize  individuals  of  its  own  species.  Cabinet  specimens 
were  used,  which  were  scented  with  museum  preservatives,  thus  eliminating 
the  possibilities  of  recognition  by  scent.  Tables  are  given  showing  how 
many  times  butterflies  recognized  specimens  of  their  own  species  as  against 
specimens  which  had  been  specially  painted,  and  the  evidence  in  favour 
of  the  recognition  of  the  natural  insect  is  overwhelming.  Experiments  were 
also  made  in  order  to  determine  the  kind  of  flowers  more  frequently  visited 
by  butterflies,  and  it  was  found  that  these  were  precisely  those  kinds  most 
conspicuous  to  human  eyes.  Photographic  experiments  were  also  made  to 
determine  those  flowers  having  the  greatest  luminosity.  These  were  not 
the  same  as  those  most  conspicuous  to  human  eyes,  and  the  amount  of 
relative  luminosity  thus  determined  did  not  influence  the  butterfly,  which 
always  selected  the  most  conspicuous,  and  the  kind  which  experience  indi¬ 
cated  had  the  richest  store  of  honey.  After  reading  Dr.  Eltringham’s  paper 
it  is,  I  think,  abundantly  clear  that  butterflies  see  colours  much  the  same  as 
human  beings  do,  and  the  contention  of  colour-blindness  brought  forward 
by  the  German  physiologist  Hess  is  shown  to  have  no  'actual  foundation 
in  fact. 

Article  3,  by  Mr.  C.  B.  Williams,  gives  a  series  of  accurate  observations 
on  a  migration  of  yellow  butterflies  ( Catopsilia  statira )  in  Trinidad.  The 
migration  lasted,  with  certain  intervals,  from  the  beginning  of  September 
until  the  12th  October,  and  in  some  places  the  butterflies  were  in  such  pro¬ 
digious  numbers  that  it  was  impossible  to  drive  a  motor-car  while  the  flight 
was  proceeding.  Mr.  Williams  further  states  that  where  the  butterflies 
were  resting  on  the  ground  the  appearance  from  a  distance  was  that  of  large 
patches  of  yellow-green  grass.  To  those  who  have  never  visited  the  tropics 
such  a  profusion  of  butterflies  as  that  described  by  Mr.  Williams  seems 
almost  incredible. 

Article  5,  by  G.  Chester  Crampton,  treats  at  some  length  of  the  ancestry 
of  insects,  and  covers  much  of  the  ground  recently  traversed  by  Dr.  Tillyard 
in  his  articles  entitled  “  The  Panorpoid  Complex,”  now  being  issued  through 
the  Linnean  Society  of  New  South  Wales.  These  authors  substantially 
agree  with  the  views  set  out  by  the  older  entomologists  that  the  order 
Neuroptera,  in  the  broad  sense,  includes  the  most  primitive  insects  now 
living.  They,  however,  divide  the  old  order  Neuroptera  into  a  variable 
number  of  new  orders,  mostly  agreeing  with  the  old  families,  which  comprise 
dragon-flies,  alder-flies,  lacewing-flies,  &c.,  to  which  they  have  given  new 
names  ;  and,  as  the  original  family  designations  are  not  given  in  brackets, 
as  in  my  opinion  they  should  be,  many  will  find  considerable  difficulty  in 
following  the  arguments  advanced  in  both  the  papers  referred  to. 

At  the  meeting  of  the  Entomological  Society  held  on  the  19th  March  last 
Dr.  Eltringham  exhibited  a  specimen  of  the  pupa  and  imago  of  Cryptophaga 
rubescens,  a  tineid  moth  whose  larva  burrows  in  stems  of  acacia  in  Queens¬ 
land.  When  the  larva  is  about  to  pupate  it  takes  up  a  position  close  to  the 
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entrance  of  its  burrow  and  closes  the  entrance  with  a*  plug  of  silk.  The 
pupa  differs  from  others  known  in  having  a  special  chitinous  growth  or 
mask  on  its  anterior  end,  of  such  a  shape  as  to  resemble  very  closely  the 
head  of  a  wasp.  The  object  of  this  singular  structure  appears  to  be  intimi¬ 
date  enemies  whilst  the  pupa  is  in  the  act  of  emerging  from  its  burrow, 
as  the  wasp-like  anterior  portion  would  be  projected  from  the  burrow  for 
some  time  before  the  imago  could  make  its  escape.  Insectivorous  birds 
and  other  enemies  would  thus  presumably  mistake  the  harmless  pupa  for 
a  formidable  wasp  just  about  to  leave  its  burrow. 


UNIVERSITY  AND  SCIENTIFIC  NEWS. 

Geography  as  a  University  Subject. 

In  the  last  calendar  of  the  University  of  New  Zealand  appears  for  the  first 
time  a  syllabus  of  instruction  in  geography  as  a  subject  for  the  B.A.  degree. 
For  some  time  past  useful  courses  upon  the  economic  aspect  of  geography 
have  been  given  in  several  colleges  as  part  of  the  requirements  for  the  degree 
of  Bachelor  of  Commerce,  but  so  far  no  study  has  been  made  of  the  physical 
aspect.  We  note  from  the  recently  issued  calendar  of  the  University  of 
Otago  that  this  will  now  be  undertaken  by  that  body.  The  subject  will 
be  treated  as  a  science  and  presented  with  an  adequate  amount  of  practical 
work.  The  physical  and  general  geography  will  be  dealt  with  by  the  Professor 
of  Geology,  Dr.  Benson.  It  comprises  a  study  of  various  types  of  land 
forms  and  the  natural  modifying  agents,  which  will  be  illustrated  by  field 
excursions,  the  actual  mapping  of  small  areas  serving  as  illustration  for 
the  study  and  interpretation  of  topographic  maps.  The  elements  of  ocean¬ 
ography,  of  meterology,  and  the  principles  of  weather  forecasting,  will  also 
be  indicated.  In  addition  there  will  be  the  consideration  of  the  distri¬ 
bution  of  the  chief  types  of  vegetation  and  of  animals,  and  their  relation 
to  physiographic  controls.  Several  lectures  by  Mr.  Skinner  (Lecturer  in 
Anthropology)  upon  the  chief  races  of  mankind  and  their  distribution  as 
affected  by  physiographic  conditions  will  also  form  an  important  part  of 
the  course.  The  practical  determination  of  latitude  and  time,  the  cause 
of  the  seasons,  &c.,  are  also  considered  in  the  practical  course. 

The  Lecturer  in  Economics,  the  Yen.  Archdeacon  Woodthorpe,  will 
undertake  the  work  on  economic  geography,  which,  in  addition  to  the 
formal  lectures,  will  include  a  laboratory  study  of  statistics  to  show  the 
control  of  production  by  physiographic  conditions. 

This  course  should  be  of  especial  value  to  those  preparing  to  teach 
geography  in  our  schools.  Under  the  present  arrangement  the  course  as 
given  in  Otago  will  occupy  five  or  six  hours'  class  work  per  week,  with 
excursions  on  several  Saturday  afternoons,  and  will  cover  the  requirements 
for  the  subject  of  geography  for  the  B.A.  course,  and  the  two  subjects  of 
physiography  and  commercial  geography  for  the  teachers’  C  certificate 
examination.  A  portion  of  the  course,  excluding  the  practical  work  in 
physical  and  general  geography,  and  occupying  two  or  three  hours  per 
week,  will  suffice  for  the  requirements  of  economic  geography  for  the 
B.Com.  degree  and  for  the  C  certificate  in  commercial  geography.  (The 
larger  figure  in  each  case  refers  to  the  time-table  for  the  second  term.) 

In  the  present  conditions  the  need  for  an  extended  knowledge  of 
geography  is  increasingly  evident,  and  the  attention  of  the  student  is  in 
these  courses  directed  particularly  to  the  features  of  the  British  Empire, 
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the  Pacific,  and  America.  Even  in  our  own  land  the  geographical  inter¬ 
pretation  of  many  of  the  features  of  our  country,  physical,  industrial,  and 
human,  requires  investigation,  and  it  is  to  be  hoped  that  the  introduction 
of  these  studies  into  our  University  will  lead  to  research  of  much  value  to 
our  community. 


Auckland  Institute. 

June  9.- — Mr.  J.  W.  Mcllraith  delivered  a  lecture  entitled  “  Some  Modern 
Views  on  Education  and  Social  Unrest.' ’  He  contended  that  much  of  the 
spirit  of  unrest  now  prevailing  is  due  to  a  deficient  system  of  education. 
He  pointed  out  the  great  change  in  the  conditions  of  living  that  had  taken 
place  during  the  past  century,  and  how  our  educational  system  has  failed 
to  keep  place  with  such  changes.  In  emphasizing  the  need  for  an  education 
for  a  life,  as  well  as  an  education  for  a  living,  he  pointed  out  those  radical 
changes  that  are  requisite  in  our  system  of  elementary  education,  and  also 
those  equally  radical  changes  that  are  wanted  in  the  University. 

June  23.- — Professor  H.  W.  Segar  gave  a  lecture  on  “  The  Attenuated 
Sovereign.”  The  rise  in  the  cost  of  living  had  so  seriously  affected  most 
businesses  and  households  that  most  people  desired  to  know  why  it  'had 
increased,  how  long  the  increase  will  be  maintained,  and  whether  there  is 
a  prospect  of  a  decrease.  The  object  of  the  lecture  was  to  discuss  these 
questions  from  various  points  of  view,  and  in  some  cases  to  give  tentative 
answers. 

June  30^ — Dr.  Kenneth  Mackenzie  delivered  a  lecture  on  “  Cancer  and 
its  relation  to  Public  Health.”  After  pointing  out  the  increasing  prevalence 
of  the  disease,  the  lecturer  proceeded  to  show  that  the  death-rate  would 
be  greatly  diminished  if  the  general  public  realized  the  importance  of  certain 
early  signs  and  symptoms.  Cancer  is  curable  in  the  very  early  stages  of 
the  disease  :  hence  it  is  necessary  to  impress  this  fact  upon  the  public  by 
means  of  a  vigorous  campaign.  In  fact,  cancer  should  be  treated  mainly 
from  the  side  of  public  health. 

July  21. — “  The  Discovery  and  Properties  of  Radium,”  by  Professor 
G.  Owen.  An  account  was  given  of  the  discovery  of  radio-activity  and 
the  special  methods  employed.  Then  the  properties  of  radium  and  its 
radiations  were  discussed.  Both  this  lecture  and  the  following  one  were 
illustrated  with  lantern-slides  and  numerous  experiments  demonstrating 
the  properties  of  radium. 

August  11. — “  The  Lessons  of  Radium.”  In  this  lecture  Professor  G. 
Owen  discussed  the  new  problems  raised  by  the  discovery  of  radium,  such 
as  the  transmutation  of  the  elements,  the  age  of  the  earth  and  the  sun,  and 
also  the  uses  of  radium. 

September  1. — Mr.  J.  A.  Bartrum  delivered  a  lecture  entitled  “  Some 
Aspects  of  the  Geological  History  and  Cultural  Development  of  Man.” 
The  lecturer  described  the  more  important  discoveries  of  the  fossil  remains 
of  man  and  his  immediate  ancestors  that  have  been  brought  to  light  during 
the  last  few  decades,  and  gave  the  views  now  accepted  as  to  man’s  prehistoric 
evolution  during  the  Stone  Age. 

September  22, — Mr.  W.  S.  Vernon  gave  a  lecture  on  “  Electricity  in  the 
Home.”  By  means  of  a  large  and  varied  collection  of  appliances  he  fully 
demonstrated  the  many  uses  that  could  be  made  of  electricity  in  the  home. 
He  also  discussed  the  relationship  of  electricity  to  the  domestic-service 
problem  and  the  coal  question. 

October  13. — “  Energy  and  Living  Organisms,”  by  T.  L.  Lancaster. 
It  was  shown  how  the  energy  required  for  the  bodily  processes  of  animals 
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and  plants  is  stored  up,  and  how  it  is  again  liberated  when  required. 
Mention  was  also  made  of  the  important  part  played  by  living  organisms  in 
the  storage  of  the  energy  made  use  of  by  mankind  in  the  complex  activities 
of  modern  civilization. 


Wellington  Philosophical  Society. 

Two  special  meetings  were  held,  on  the  3rd  and  5th  December,  when 
lectures  were  delivered  by  Dr.  R.  J.  Tillyard,  Macleay  Fellow  of  the  Linnean 
Society  of  New  South  Wales,  on  “  Neuropteroid  Insects  55  and  “  Fossil 
Insects.'5  Dr.  Tillyard  gave  a  very  clear  presentation  of  the  groups  of 
insects,  now  recognized  as  orders,  which  formerly  were  included  in  the 
Linnean  order  of  Neuroptera,  and  showed  how  the  recent  study  of  the 
Permian  and  Triassic  insects  of  Australia  had  thrown  light  on  the  ancestry 
of  insects  and  their  classification.  New  Zealand  abounds  in  primitive 
neuropteroid  insects  of  the  highest  interest.  The  great  development  of  May 
flies  and  caddis -flies  has  no  doubt  had  much  to  do  with  the  fine  development 
of  the  introduced  trout,  which  live  mainly  upon  their  larvae,  and  there  is 
a  danger  that  the  balance  of  nature  will  be  badly  upset,  and  these  insects 
totally  destroyed  in  all  streams  and  lakes  in  which  the  rainbow  trout  is 
present,  unless  steps  are  taken  to  limit  severely  the  number  of  the  trout. 

A  Natural  History  and  Field  Club  section  of  the  society  has  been 
formed  under  the  chairmanship  of  Professor  H.  B.  Kirk,  and  a  programme 
of  excursions  for  the  summer  months  has  been  arranged. 


REVIEWS  AND  ABSTRACTS. 


A  New  Theory  of  Plate  Springs,  by  David  Landau  and  Percy  H.  Parr. 

Journ.  Franklin  Inst .,  vol.  185,  No.  4  ;  vol.  186,  No.  6  ;  vol.  187, 

Nos.  1  and  2  (April,  December,  1918  ;  January,  February,  1919). 

A  historical  resume  is  given  of  the  theory  of  plate  springs,  but  the  only 
work  of  importance  found  was  that  of  M.  Philips, *  whose  theory,  however, 
was  not  in  any  way  comparable  with  “our  own  researches.”  The  applica¬ 
tion  of  the  results  of  sixteen  years’  investigation  to  practice  has  resulted  in 
springs  which  are  a  revelation  even  to  those  skilled  in  the  art  of  spring¬ 
making.  The  new  theory  explains  exactly  everything  that  has  needed 
explanation,  and  analyses  fully  and  completely  the  behaviour  and  stress 
of  every  point  in  the  spring. 

Any  two  successive  leaves  of  a  spring!  when  loaded  will  be  in  contact 
only  at  the  buckle  and  at  the  extreme  point  of  each  leaf,  except  for  odd 
cases  of  tapered  leaves,  which  occur  very  seldom  in  practice.  Considering 
the  wth  leaf,  the  deflection  yn  at  the  point  is  given  by 
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*  Annates  des  Mines,  1852,  I,  195. 

|  See  fig.  4  of  article  in  this  issue,  “  Design  of  Laminated  Springs,”  p.  19. 
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These  two  equations  form  the  basis  of  the  investigation.  When  applied 
to  the  ordinary*  type  of  spring,  with  square-ended  leaves  of  equal  thickness 
throughout  and  with  equal  overhangs,  they  show  that  the  reactions  (W n,  &c.) 
and  stresses  are  very  unequal  for  the  various  leaves.  In  such  springs  the 
short  leaf  is  always  stressed  more  than  any  other,  and  is  the  weakest  link 
in  the  chain,  so  that  such  a  spring  with  12  leaves  is  only  as  good  as  one  of 
7f  leaves  equally  stressed  throughout.  Further,  although  the  overhangs 
can  be  calculated  to  equalize  the  reactions,  the  stresses  are  still  unequal, 
and  little  improvement  in  actual  strength  results.  If,  however,  the  ends 
of  the  leaves  are  tapered  to  the  correct  shape  with  mathematical  exactitude 
the  reactions  and  stresses  can  be  equalized  in  every  leaf,  and  the  safe  load 
of  the  spring  correspondingly  increased. 


Although  the  spring  commonly  referred  to  in  text-books  in  which  each 
leaf  is  tapered  (in  width)  to  a  point  for  the  exact  length  of  each  equal  over¬ 
hang  has  this  quality,  and  should  be  an  ideal  spring,  other  modifying 
circumstances,  “  which  will  be  duly  discussed,,?|  prevent  such  springs 
fulfilling  this  promise,  and  they  are  not  used  in  practice. 

Further  tapering  the  points  of  the  leaves  in  any  way  in  the  plane  of 
the  width  only  has  no  practical  effect  on  the  reactions,  stresses,  J  or  strength 
of  springs,  and  is  only  of  use  from  the  aesthetic  point  of  view. 

The  “  double-tapered  ”  leaf,  shown  in  the  figure  above,  is  the  most 
important  type  of  end,  and  is  the  subject  of  several  patents  granted  to 
the  authors.  In  springs  of  this  construction  the  leaves  are  highly  stressed 
at  the  points  and  at  the  buckles,  but  are  not  so  highly  stressed  at  their 
centres.  A  slot  of  mathematical  proportions  is  therefore  punched  out  of 


*  “  Ordinary  ”  applies  to  America. 

f  The  authors  tantalizingly  forget  to  duly  discuss  this  point. — S.  H.  J. 
f  The  previous  conclusion  says  that  such  tapering  in  the  “  text-book  ”  spring  equalizes 
the  reactions  and  stresses. — S.  H.  J. 
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the  centre  of  each  leaf  to  equalize  the  stresses.  This  is  called  a  “  stress¬ 
equalizing  slot,”  and  is  also  patented. 

A  tremendous  amount  of  arithmetic  shows  the  application  of  the  basic 
equations  to  every  type  or  shape  of  leaf-end,  and  the  calculated  reactions, 
stresses,  and  strengths  are  given  in  numerous  tables.  The  effects  of  “nip,” 
or  curving  the  plates  in  manufacture  in  such  a  way'  that  they  are  nipped 
together  by  the  buckle,  which  thus  puts  an  initial  stress  in  the  leaves,  is 
also  fully  treated. 

[Note. — -This  very  laborious  investigation  is  interesting  but  incomplete. 
The  reviewer  first  developed  in  1908  the  basic  equations  which  the  authors 
claim  as  original,  being  led  to  their  use  by  an  unsigned  article  in  The 
Engineer  for  the  14th  February,  1902,  which  treated  square-ended  plates 
in  the  same  manner  as  Landau  and  Parr,  but  gave  only  the  results  of  the 
application  of  the  equations  without  showing  any  of  the  reasoning.  If 
this  article  was  not  written  by  either  of  these  authors,  then  the  credit  of 
discovery  must  go  to  an  unknown.  However,  it  is  a  small  matter,  as  the 
equations  are  incomplete  until  allowance  is  made  for  the  deflection  due  to 
shear.  This  is  a  negligible  factor  in  ordinary  beams,  but  alters  the  whole 
design  of  plate  springs  when  correctly  calculated.  In  1909  the  reviewer 
designed  springs  in  accordance  with  the  complete  theory  for  the  New 
Zealand  railways,  and  such  design  is  now  the  standard  practice  for  New 
Zealand  locomotive  springs.  The  corrected  theory  leads  to  a  much  simpler 
form  of  taper  than  the  impossibly  elaborate  form  patented  by  the  authors 
of  this  paper.  Several  rash  conclusions  and  oversights  mar  their  work, 
even  on  the  incomplete  theory  formulated,  and  it  seems  incredible  that 
such  complicated  forms  should  be  seriously  proposed.  Mathematics,  like 
fire,  is  a  useful  servant  but  a  terrible  master  !  Or  is  it  that  the  itch  to  patent 
has  clouded  their  saner  judgment  ? — S.  H.  J.] 

Some  Notes  on  the  Language  of  the  Chatham  Islands,  by  Archdeacon 
H.  W.  Williams.  Trans.  N.Z.  Inst.,  vol.  51,  pp.  415-22,  1918. 

This  very  important  paper  opens  with  a  review  of  traditional  evidence 
as  to  the  peopling  of  the  Chathams.  On  the  whole,  this  seems  to  indicate 
colonization  from  New  Zealand.  But  the  Moriori  dialect  appears  to  be 
farther  removed  from  Maori  than  from  the  dialects  of  many  of  the  islands 
of  the  Pacific.  Of  all  words  recorded  by  Shand,  about  10  per  cent,  appear 
to  be  derived  from  roots  no  longer  preserved  in  Maori.  An  examination 
of  these  discloses  relationship  with  Marquesan,  Tahitian,  Samoan,  Hawaiian, 
and  Tikopian,  in  that  order.  The  author  concludes  that  the  Moriori  dialect 
has  as  much  right  to  be  considered  independent  as  has  any  of  the  known 
dialects  of  the  Polynesian  language.  H.  D.  S. 

Some  Maori  Fish-hooks  from  Otago,  by  H.  D.  Skinner.  Trans.  N.Z. 

Inst.,  vol.  51,  pp.  267-68,  pi.  23,  1919. 

This  paper  describes  and  figures  some  rare  composite  hooks. 

Moriori  Seagoing  Craft,  by  H.  D.  Skinner.  Man,  May,  1919,  No.  34. 

This  paper  reviews  the  different  kinds  of  craft  used  by  the  natives  of  the 
Chatham  Islands,  and  quotes  a  description  by  W.  H.  Skinner  of  the  wash- 
through  canoe  in  the  Canterbury  Museum  (N.Z.),  this  being  by  far  the  most 
complete  account  of  such  craft  yet  published.  The  conclusion  is  drawn  that 
all  the  elements  from  which  this  type  could  develop  are  present  in  New 
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Zealand.  The  absence  at  the  Chathams  of  timber  large  enough  to  make 
dug-out  canoes  would  be  a  sufficient  motive  for  the  development  of  these 
elements  into  a  craft  of  the  type  described.  There  are  two  good  figures. 

H.  D.  S. 

The  Edible  Fish,  &c.,  of  Taupo-nui-a-Tia,  by  the  Rev.  H.  J.  Fletcher. 
Trans.  N.Z.  Inst.,  vol.  51,  pp.  259-64,  1919. 

The  paper  gives  a  brief  account  of  the  food  fishes  eaten  by  the  ancient 
inhabitants  of  the  Taupo  district,  and  of  the  methods  of  catching  them. 

The  Supply  of  Single-phase  Power  from  Three-phase  Systems,  by 

Miles  Walker,  Journal  of  the  Institute  of  Electrical  Engineers ,  vol.  57, 
No.  278,  pp.  109-48,  January,  1919. 

The  paper  deals  principally  with  the  supply  of  single-phase  power  to 
electric  furnaces.  The  following  methods  are  enumerated  : — - 

(1.)  Single-phase  generators  driven  by  prime  movers  : 

(2.)  Three-phase  generators  constructed  so  as  to  give  single-phase  power  : 

(3.)  Motor  generator  sets  : 

(4.)  The  taking  of  single-phase  current  direct  from  one  of  the  phases 
of  a  three-phase  supply  system,  and  the  use  of  a  balancer- — 
stationary  or  running — for  balancing  the  phases  : 

(5.)  A  rotating  balancing  transformer  which  absorbs  the  balanced  three- 
phase  power  in  one  winding  and  supplies  a  single-phase  load 
from  an  independent  winding. 

Running  balancers  in  method  (4)  are  further  classified  under  five 
sub-headings  according  to  the  kind  of  boosting  appliance  employed,  as 
follows  : — 

(4 a.)  Unsymmetrical  number  of  turns  in  the  balancer  winding  : 

(45.)  Booster  transformer  in  series  with  the  winding  : 

(4c.)  Addition  of  choke-coils  or  condensers  to  some  of  the  phases  : 

(id.)  Booster  generator  in  series  with  the  winding  : 

(4c.)  The  generator  of  an  oppositely  rotating  magnetic  field  of  double 
the  frequency. 

The  main  objection  to  the  first  method  is  that  the  cost  of  a  single-phase 
generator  for  a  given  ou  put  is  higher  than  for  a  three-phase  generator — 
in  the  case  of  a  5,000  kw.,  25-cycle,  1,500-revolution  machine  about  30  per 
cent,  higher. 

In  the  second  method  it  is  established  that  if  the  single-phase  load 
(even  of  low  power-factor)  does  not  exceed  20  per  cent,  of  the  normal  three- 
phase  load  the  disturbance  to  the  voltage  is  inconsiderable. 

In  the  third  method  the  motor  generator  may  consist  of  an  induction 
motor  direct-connected  to  a  single-phase  generator,  or  a  synchronous  motor 
may  be  used  in  place  of  the  induction  motor.  For  general  convenience 
of  operation  this  method  is  entirely  satisfactory,  the  main  drawback  being 
the  high  first  cost  and  poor  over-all  efficiency. 

In  the  case  of  stationary  apparatus,  used  in  method  (4),  it  is  pointed 
out  that  if  left  always  in  circuit  the  condenser  or  choking-coil  will  produce 
as  much  out  of  balance  when  the  furnace  is  not  taking  current  as  the 
furnace  produces  when  no  compensation  is  employed  ;  and,  although 
automatic  gear  for  switching  is  possible,  such  automatic  arrangements  are 
not  looked  upon  with  favour  by  electrical  manufacturers. 

The  same  objection  applies  to  running  balancers,  under  subdivisions  (a) 
and  (5). 

The  advantage  of  method  (c)  over  the  boosting  transformer  method 
is  that  the  injected  voltage  in  the  choke-coil  rises  automatically  with  the 
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load,  while  the  advantage  of  method  (d)  over  methods  (a),  ( b ),  and  (c)  lies 
in  the  fact  that  the  boosting  voltages  are  more  easily  controlled,  but,  since 
the  boosting  generator  must  have  the  same  number  of  poles  as  the  balancer, 
it  cannot  be  built  very  cheaply  even  though  the  output  is  small  and  the 
cost  of  exciter  and  regulating-gear  is  by  no  means  negligible. 

Several  methods  of  producing  an  oppositely  rotating  magnetic  field  of 
double  frequency  are  described,  but  all  involve  the  use  of  several  auxiliary 
machines  in  addition  to  the  main  translating  apparatus  required  to  furnish 
the  single-phase  load. 

Before  describing  the  rotating  balancing  transformer  designed  by  him 
the  author  deals  with  the  advantages  and  requirements  of  single-phase 
furnaces  from  an  electrical  point  of  view.  In  the  first  place,  only  two 
electrodes  are  required  instead  of  three,  and  as  these  can  be  brought 
into  the  furnace  at  two  diametrically  opposite  points  the  liability  of  the 
arc  to  cause  a  short  circuit  through  the  hot  semi-conducting  lining  is  very 
much  reduced.  This  enables  the  voltage  to  be  raised  to  a  value  almost 
double  that  which  is  practicable  for  a  polyphase  furnace.  As  the  electrode 
losses  are  dependent  upon  the  surface  of  carbon  exposed  and  also  upon 
the  amount  of  air-leakage  through  the  furnace,  the  reduction  in  the 
number  and  size  of  the  electrodes  and  in  the  number  and  size  of  leakage- 
holes  results  in  a  great  saving  in  electrode  consumption.  There  is  also  a 
reduction  in  radiation  losses  due  to  the  spherical  form. 

It  is  pointed  out  that  with  an  inductance  in  circuit  sufficient  to  make 
the  current  lag  45°  behind  the  voltage  the  input  to  the  furnace  cannot 
exceed  the  full-load  value,  however  the  resistance  of  the  circuit  may  be 
varied.  This  is  the  ideal  condition  for  steady  running  from  the  user’s 
point  of  view.  From  the  power  company’s  point  of  view,  however,  the 
inductance  is  not  an  unmixed  blessing,  but  so  greatly  does  the  stability 
given  by  the  inductance  help  towards  economy  in  furnace-linings  that 
large  numbers  of  furnaces  in  both  England  and  America  are  run  at  0*7 
power-factor. 

The  rotating  balancer  designed  by  the  author  ensures  that  the  single¬ 
phase  current  supplied  to  the  furnace  lags  the  required  45°  behind  the 
voltage,  while  at  the  same  time  the  three-phase  windings  may  be  operated 
at  unity  power  factor,  thus  satisfying  the  requirements  of  both  supply 
station  and  consumer.  These  conditions  are  met  by  building  a  three- 
phase  synchronous  motor,  having  an  ordinary  three-phase  armature  winding 
lying  in  slots  near  the  working-face  of  the  stator,  and  provided  with  a 
single-phase  winding  lying  in  slots  farther  removed  from  the  rotor  than 
the  three-phase  slots,  and  arranged  so  that  very  considerable  magnetic* 
leakage  occurs  between  the  two  windings  at  full  load. 

These  machines  are  in  successful  operation  in  conjunction  with  the 
Snyder  electric  furnace  in  both  England  and  America. 

A  400  kw.  machine  designed  for  furnaces  making  steel  for  war  purposes 
is  described  in  detail.  The  test  sheets  show  an  efficiency  of  904  per  cent. 

The  machine  fulfils  the  functions  of  (1)  voltage  transformers,  (2)  balancer, 
(3)  reactance,  (4)  power-factor  corrector.  These  functions  can,  of  course,  be 
performed  by  a  motor-generator  set  designed  with  suitable  characteristics, 
but  the  first  cost  of  the  motor  generator  is  higher  than  that  of  a  balancer 
of  the  same  output  and  the  efficiency  is  lower. 

Comparative  costs  of  the  two  types  of  machine  fulfilling  the  same 
function  are,  unfortunately,  not  given.  A.  C.  0. 
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HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND.  By  Walter  l.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  10s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  i  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  ;  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  11.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6 :  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  7  :  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish-remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1901. 
Illustrated.  By  Alexander  McKay,  F.G.S.  Paper  covers,  Is. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  1 0s. 

TOWN-PLANNING :  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  5s. 

WAIPOUA  KAURI  FOREST  :  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d. 
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EDITORIAL. 

The  Cawthron  Institute. 

The  magnificent  bequest  of  the  late  Thomas  Cawthron,  of  Nelson,  is  likely 
to  exert  a  great  influence  upon  the.  future  development  of  the  natural 
resources  of  New  Zealand.  The  amount  of  the  bequest  was  approximately 
£240,000,  of  which  £40,000  had  to  be  paid  in  stamp  duty.  The  sum 
available  for  the  foundation  of  an  institute  of  scientific  research— for  long 
one  of  our  greatest  needs — was  thus  sadly  reduced.  The  income,  £10,000, 
out  of  which  a  building  fund  must  be  allowed  to  accumulate,  is  obviously 
insufficient  to  allow  more  than  a  very  few  researches  to  be  carried  on  at 
a  time.  The  Government  has  been  asked,  therefore,  to  supplement  this 
income  by  an  annual  grant  sufficient  to  compensate  for  the  loss  of  the  sum 
paid  in  stamp  duty. 

Before  proceeding  to  establish  the  Institute  the  Trustees  appointed  a 
private  commission  of  scientific  men  to  make  recommendations  as  to  the 
plan  of  action.  This  commission  recommended  that  the  main  work  of 
the  Institute  should  be  “  the  performance  of  and  instruction  in  scientific 
research,”  and  the  recommendation  has  been  adopted  by  the  Trustees. 
The  commissioners,  undbr  the  chairmanship  of  Sir  James  G.  Wilson,  Pre¬ 
sident  of  the  Board  of  Agriculture,  have  consented  to  continue  as  an 
Advisory  Board. 

The  following  members  of  the  staff  have  been  appointed  :  Director- 
Professor  T.  H.  Easterfield,  M.A.,  Ph.D.,  Pres.  N.Z.  Inst.,  F.I.C.,  F.C.S.  ; 
Agricultural  Chemist — T.  Bigg,  M.A.,  M.Sc.,  1851  Exhibition  Scholar ; 
Biologist  and  Entomologist — R.  J.  Tillyard,  M.A.,  D.Sc.,  E.L.S.,  Crisp 
-Medallist  of  the  Linnean  Society  of  London,  Macleay  Fellow  of  the  Linnean 
Society  of  New  South  Wales ;  Assistant  Entomologist- — A.  Philpott  ; 
Mycologist  and  Plant  Pathologist — Kathleen  Curtis,  M.A.,  M.Sc.,  F.L.S., 
Huxley  Research  Medallist  of  the  Imperial  College  of  Science,  London  ; 
Curator— W.  C.  Davis. 

A  very  beautiful  site  ha^  been  purchased  at  Amesbrook,  two  miles  from 
Nelson,  and  here  the  Institute  building  will  be  erected.  In  order  that 
5— Science. 
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work  may  be  begun  at  once  “  Fellworth,”  a  fourteen-roomed  house,  has 
been  secured  as  a  temporary  home.  It  is  being  fitted  up  with  chemical 
and  biological  laboratories,  a  museum,  and  a  library,  and  will  be  ready 
for  occupation  in  May.  The  members  of  the  staff  are  already  at  work  in 
their  various  capacities,  though  only  three  have  as  yet  taken  up  their 
residence  in  Nelson.  Dr.  Tillyard  is  visiting  England  as  the  representative 
of  the  New  Zealand  Government  at  the  Imperial  Conference  of  Economic 
Entomologists.  He  will  also  visit  the  United  States,  Europe,  Canada,  and 
Honolulu  to  make  inquiries  in  the  interest  of  the  work  of  the  Institute. 

When  the  staff  has  settled  down  in  its  new  quarters  it  is  proposed  to 
establish  research  scholarships  and  fellowships  of  sufficient  value  to  attract 
honours  science  graduates  of  the  University  to  carry  out  investigations 
under  the  guidance  of  the  staff.  Since  research  is  the  object  of  the 
Cawthron  foundation,  no  students  will  be  allowed  to  work  in  the  Institute 
who  have  not  already  obtained  a  good  knowledge  of  at  least  one  science. 
It  is  hoped  that  the  number  of  these  scholarships  will  be  extended  in  the 
future  by  benefactions.  The  idea  of  such  a  foundation  as  the  Cawthron 
Institute  should  appeal  to  those  who  have  dreams  and  see  visions  of  the 
future  development  of  the  Dominion. 

There  are  also  many  other  directions  in  which  bequests  and  donations 
to  the  Institute  will  be  of  great  value  : — 

1.  The  permanent  building  will  be  very  expensive  to  erect.  Gifts  of 

money  may  be  devoted  to  defraying  the  cost  of  special  portions 
of  this  building,  such  as  the  library,  museum,  chemical  laboratory, 
and  laboratory  of  plant  pathology.  Such  portions  of  the  building, 
or  separate  buildings,  would,  of  course,  be  named  after  the  donors. 

2.  The  endowment  of  new  departments — e.g.,  forestry  research,  plant¬ 

breeding,  pasture-improvement,  stock-improvement,  waste-product 
utilization,  and  animal  and  plant  pathology. 

3.  The  endowment  of  scholarships  and  fellowships  for  special  researches. 

4.  Endowments  for  the  library  and  museum. 

Two  bequests  have  already  been  received  by  the  Institute.  Miss  Marsden, 
of  Nelson,  bequeathed  a  collection  of  works  of  art  valued  at  £3,000,  and 
Mr.  McMurtry  his  collection  of  scientific  books.  Quite  recently  also  a  very 
valuable  gift  of  books  has  been  made  by  Lady  Hector.  These  consist 
chiefly  of  publications  of  the  Royal  Societies  of  London  and  Edinburgh 
and  of  the  Linnean  Society  of  London,  and  will  be  invaluable  as  works 
of  reference. 

It  is  particularly  to  be  noticed  that  the  Cawthron  Trustees  do  not  regard 
the  bequest  as  a  local  affair.  Though  the  home  of  the  Institute  will  be  in 
Nelson,  its  interests  will  be  nation-wide.  They  consider  that  the  whole 
Dominion  and  the  Empire  should  benefit  by  the  researches  carried  out  in 
the  Institute  and  the  principles  established  there.  They  recognize  also 
that  there  is  no  line  of  demarcation  between  pure  and  applied  science,  and 
that  the  pursuit  of  the  two  should  go  hand  in  hand  if  results  of  great 
economic  value  are  to  be  obtained. 

The  endowment  of  the  Cawthron  Institute  and  the  bequest  of  the  late 
Mr.  Howard  of  £100,000  for  the  foundation  of  an  agricultural  college  lead 
us  to  hope  that  a  new  era  has  dawned  in  the  finance  of  institutions  of 
higher  learning  and  of  scientific  research  generally  in  New  Zealand.  . 
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POSITION  AND  PROSPECTS  OF  THE  FROZEN -MEAT 

TRADE. 

By  M.  A.  Eliott. 

As  so  many  contradictory,  and  in  some  instances  entirely  misleading, 
reports  have  been  published  recently  regarding  the  present  position  and 
future  prospects  of  the  frozen-meat  trade  in  the  United  Kingdom,  the 
following  facts  and  figures  should  throw  some  light  on  the  position.  The 
data  have  been  compiled  from  the  Report  of  the  Committee  appointed  by  the 
Board  of  Trade  to  consider  the  Means  of  securing  Sufficient  Meat- supplies  for 
the  United  Kingdom .  The  report  is  signed  by  Sir  Auckland  Geddes,  and 
was  presented  to  Parliament,  being  dated  11th  April,  1919,  although  the 
first  copy  has  only  now  reached  New  Zealand  (February,  1920).  It  should 
be  conceded,  therefore,  that  the  statements  in  the  report  are  accurate. 

The  Demand  for  Meat. 

The  average  annual  consumption  of  meat  in  the  United  Kingdom  during 
the  five  years  immediately  preceding  the  war  was  as  follows  : — 

Home-grown  . .  . .  1,071,000  tons  =  59T  per  cent. 

Imported  ..  ..  740,000  ,,  =  40-9  „ 

Of  the  imported  meat  about  16  per  cent,  only  came  from  the  British 
dominions  and  25  per  cent,  from  foreign  countries.  It  has  been  frequently 
stated  in  New  Zealand  that  the  people  of  the  United  Kingdom  have,  during 
the  war,  accustomed  themselves  to  eat  less  meat.  This  is  probably  true 
as  regards  a  certain  class,  but,  on  the  other  hand,  much  more  numerous 
classes  have  found  themselves  able  to  purchase  more  meat  than  ever  before. 

The  estimated  annual  consumption  of  imported  meat  in  the  United 
Kingdom  may  safely  be  set  down  in  the  near  future  at  from  750,000  to 
800,000  tons- — equal  to,  say,  32,000,000  carcases.  The  French  Government 
desires  to  import  250,000  to  300,000  tons  annually  ;  Italy  (if  finance  can 
be  arranged)  requires  150,000  tons,  and  Belgium  about  50,000  tons  a  year  ; 
and  all  over  the  Continent  there  is  a  scarcity  of  meat.  Prior  to  the  war 
the  United  States  imported  50,000  tons  per  annum  from  the  River  Plate, 
and  probably  this  amount  will  be  increased  to,  say,  160,000  tons  in  the 
near  future.  Altogether  the  world’s  estimated  demand  for  chilled  and 
frozen  meat  is  1,360,000  tons  per  annum. 

The  Supplies. 

The  following  table  gives  particulars  of  the  numbers  of  cattle  and  sheep 
in  the  overseas  dominions  in  the  last  twenty  years  : — 


Cattle. 

Sheep. 

Canada 

. .-  1901  .  . 

5,576,000 

2,510,000 

1918  .  . 

10,051,000 

3,053,000 

Australia  . . 

. .  1901  . . 

8,491,000 

72,040,000 

1917  . . 

10,739,000 

80,106,000 

New  Zealand 

. .  1901  . . 

1,362,000 

20,233,000 

1918  . . 

2,888,000 

26,538,000 

South  Africa  . 

. .  1904  . . 

3,501,000 

16,434,000 

1916  . . 

7,500,000 

31,981,000 

68 


The  N.Z.  Journal  of  Science  and  Technology.  [April 


The  estimated  numbers  in  foreign  countries  are  : — 

Cattle. 

Sheep. 

Argentine 

..  29,000,000 

55,000,000 

Uruguay  .  .  ... 

..  8,000,000 

11,000,000 

Patagonia 

4,000,000 

Brazil 

..  30,000,000 

Venezuela,  Paraguay,  Colombia,  China,  and  Madagascar  can  also  export 

beef  in  moderate,  though  increasing,  quantities. 

The  surplus  of  meat  available  for  export  per  annum  will  probably  be 

as  follows  (in  tons)  : — 

Canada 

Beef. 

25,000 

Mutton. 

Australia 

120,000 

70,000 

New  Zealand 

40.000 

160,000 

South  Africa 

25,000 

•  • 

Argentine  and  Uruguay 

600,000 

70,000 

Patagonia 

.  . 

30,000 

Brazil 

250,000 

.  . 

Venezuela 

8,000 

,  . 

Paraguay 

5.000 

•  t 

Madagascar  * .  . 

8,000 

•  •  - 

it  ; ; 

1,081,000 

330,000 

Total,  1,411,000  tons,  or  3,250,000  head  and  13,200,000  carcases. 


It  will  be  seen,  therefore,  that,  while  the  estimated  supply  from  the 
producing  countries  is  1,411,000  tons,  the  estimated  demand  from  the  con¬ 
suming  countries  is  1,360,000  tons,  showing  an  apparent  surplus  of  supplies 
of  51,000  tons  per  annum. 

There  is  therefore  little  risk  of  a  shortage  of  supplies — in  fact,  as  far  as 
mutton  and  lamb  are  concerned,  the  British  Empire  can  become  self- 
supporting. 

Australia  and  New  Zealand  already  produce  over  two-thirds  of  the 
world’s  export  of  mutton  and  lamb,  practically  sufficient  to  supply  the 
needs  of  the  United  Kingdom.  Before  the  war  only  12  per  cent,  of  the 
.  mutton  and  lamb  imported  into  the  United  Kingdom  came  from  outside 
the  Empire.  But  the  case  is  different  with  beef,  as  the  bulk  of  the  export 
is,  and  must  be  for  a  considerable  time  to  come,  from  South  America,  this 
country  producing  871,000  tons  out  of  the  total  export  of  1,081,000  tons, 
or  over  85  per  cent.  The  consumption  of  chilled  beef  at  the  expense  of 
frozen  beef  was  progressing  rapidly  before  the  war,  and  this  will  continue 
to  be  the  case.  Beef  from  Brazil  and  Uruguay,  and  mutton  from  the 
Argentine  and  Patagonia,  are  best  suited  for  the  Continental  markets, 
while  the  superior  and  more  highly  priced  Australian  and  New  Zealand 
mutton  and  lamb  will  tend  to  exclude  the  foreign  mutton  and  lamb  from 
the  United  Kingdom.  In  fact,  frozen  meat  will  be  distributed  in  the  future 
as  in  the  past,  according  to  its  quality  and  price.  New  Zealand  producers 
should  not  lose  sight  of  the  fact  that  the  quantity  of  beef  for  export  from 
this  country  is  so  small  as  to  be  almost  negligible — only  about  4  per  cent, 
of  the  world’s  beef -supply  coming  from  the  Dominion. 

On  the  assumption  that  sufficient  shipping  were  available,  the  meat 
capacity  of  the  supplying  countries  would  be  more  than  the  requirements ; 
but  on  this  question  hangs  the  whole  position.  The  total  meat  requirements 
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exceed  the  present  carrying-capacity  of  the  world’s  insulated  ships  (even 
assuming  a  normal  rate  of  loading  and  discharge),  although  by  1921  there 
will  apparently  be  a  surplus  of  shipping-space,  as  the  following  table  will 
show  : — 


1919. 

1921. 

Ships. 

Tons  Meat. 

Ships. 

Tons  Meat. 

All  countries 

192 

1,326,000 

254 

1,871,000 

British-owned 

155 

992,000 

201 

1,349,000 

British  steamers  usually  trading  to  South  America,  Australia,  and  New 
Zealand  have  been  since  1915,  so  far  as  regards  their  insulated  space,  under 
the  control  of  the  Board  of  Trade  and  the  Shipping  Controller  The  rates  of 
freight  and  other  conditions  have  been  fixed  by  agreement  between  the  Board 
of  Trade  and  the  shipowners  until  the  1st  March,  1920,  and  are  then  subject 
to  revision.  After  the  expiration  of  the  powers  of  the  Shipping  Controller 
(date  uncertain)  no  control  of •  -shipping  -  will- exist,  unless  meanwhile  fresh 
legislation  has  been  passed.  When  the  Board  of  Trade  assumed  control, 
two  committees,  the  River  Plate  Refrigerated  Tonnage  Committee  and 
the  Australasian  Refrigerated  Tonnage  Committee,  with  sub-committees  in 
Buenos  Aires,  Sydney,  and  Wellington,  operated  the  refrigerated  tonnage 
under  the  general  direction  of  the  Board  of  Trade. 

In  the  concluding  remarks  of  the  committees’  report  the  following 
interesting  paragraphs  occur  : — 

“  We  are  impressed  by  the  way  in  which  production  in  the  Dominions 
has  developed  without  artificial  stimulus.  So  far  as  Australia  and  New 
Zealand  are  concerned  the  future  lies  with  the  production  of  mutton 
and  lamb.  The  demand  in  the  United  Kingdom  is  increasing,  and  the 
prospects  of  developing  new  markets  in  the  United  States  and  Europe  are 
bright.  .  .  . 

“  We  regard  the  control  or  supervision  of  meat  productions  in  the 
Dominions  as  a  matter  for  them  alone,  but  in  order  to  ensure  unity  of 
action  by  the  several  Governments  there  should  be  frequent  intercommuni¬ 
cation.  As  an  example  of  action  in  regard  to  which  general  consideration 
might  be  desirable,  we  would  refer  to  the  recent  New  Zealand  Act  for  the 
licensing  of  meat-exporters.” 

Copy  of  this  Act  (1918,  No.  18)  is  given  in  full.  A  large  portion  of  the 
report  deals  with  the  meat  position  in  the  Argentine  and  with  general  anti¬ 
trust  measures,  but  space  will  not  permit  me  to  refer  to  these. 

In  connection  with  the  discontinuance  of  the  “  meat  commandeer,” 
it  is  to  be  regretted  that  many  of  the  producers  appear  to  be  adopting  a 
policy  of  casting  about  for  some  one  to  throw  stones  at,  and  for  some  one 
who  will  come  to  their  assistance.  When  the  “  commandeer  ”  commenced, 
and  for  some  time  afterwards,  the  producers  were  quite  satisfied  with  the 
prices  paid  for  New  Zealand  meat,  wool,  butter,  cheese,  &c.,  and  especially 
were  they  thankful  for  the  finance  provided  by  the  Imperial  Government 
— as  well  they  might  be  ;  but  as  soon  as  it  was  discovered  that  the  British 
Government  were  making  a  profit  out  of  their  New  Zealand  purchases  a 
howl  went  up  from  one  end  of  the  Dominion  to  the  other.  They  forgot 
that  if  it  had  not  been  for  the  British  Government  their  produce  would 
have  been  worth  practically  nothing,  and  this  country  would  have  been 
bankrupt. 
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The  present  position  of  meat  is  only  the  natural  result  of  the  late  war, 
and  consequent  loss  of  shipping  and  general  disorganization  of  transport 
and  distribution.  The  delay  in  discharging  overseas  steamers,  the  present 
oversupply  of  meat  in  the  stores  of  the  United  Kingdom  and  the  resultant 
shortage  of  freezing-space  in  New  Zealand,  must  be  only  a  temporary  phase 
of  the  aftermath  resulting  from  the  world’s  upheaval  and  struggle  during 
the  past  five  years,  and  the  situation  cannot  be  altered  by  blaming  the 
Government  of  the  United  Kingdom  or  of  New  Zealand,  or  any  one  else. 

In  the  early  days  of  the  frozen-meat  industry  in  New  Zealand  men  like 
the  late  John  Gregg,  Thomas  Brydone,  and  John  Roberts  were  prepared 
to  risk  practically  all  they  possessed  in  order  to  put  the  industry  on  its 
feet.  They  struggled  through,  and  manfully  overcame  difficulties  which 
appeared  many  times  worse  than  any  now  confronting  us.  The  lessons 
of  the  past  should  surely  teach  us  that  the  only  proper  way  to  meet  the 
situation  is  by  adopting  the  self-reliant  spirit  that  characterized  the  early 
settlers  of  this  country. 


THE  CALCIUM  -  CARBONATE  CONTENT  OF  SOME 
SOILS  FROM  CANTERBURY  AND  SOUTHLAND. 

By  L.  J.  Wild  and  N.  P.  Neal,  Canterbury  Agricultural  College. 

In  making  the  determinations  recorded  herein  a  good  deal  of  preliminary, 
trial  work  was  necessary.  As  the  amount  of  lime  in  the  form  of  carbonate 
is  very  small,  ordinary  gravimetric  methods  involving  calculation  from 
loss  of  weight — as,  for  example,  the  use  of  Schrotter’s  apparatus— are  out 
of  the  question,  owing  to  the  magnitude  of  the  experimental  error. 

Among  methods  depending  on  the  liberation  of  C02  and  its  absorption 
in  standard  alkali  are  those  of  Amos  (1905),  and  of  Hutchinson  and  Mac- 
Lennan  (1914).  The  method  of  Amos  is  recommended  by  Russell  (1917), 
and  it  was  by  means  of  a  modification  of  it  that  we  obtained  the  results 
shown  in  Table  I  below.  The  modification  consisted  in  using  baryta  water 
in  an  ordinary  absorption-flask,  and  by  this  means  we  got  perfectly  satis¬ 
factory  results  in  trials  with  pure  calcium  carbonate. 


No.  of 

Table  I. 

Weight  of  CaC03 

Weight  of  CaCO 

Experiment. 

taken. 

found. 

1 

(Grammes.) 

..  0-134 

(Grammes.) 

0-1345 

2 

. .  0-118 

0-116 

3 

. .  0-128 

0-1284 

In  working  with  soils,  however,  our  results  were  not  always  consistent. 
Preliminary  experiments  with  soils  showed  that  any  method  which  involves 
boiling  the  soil  either  with  acid  or  with  water  is  faulty,  since  under  these 
conditions  C02  is  produced  by  decomposition  of  the  organic  matter.  This 
is  a  fault  of  the  method  of  Amos  as  originally  described,  as  Marr  (1909) 
showed  in  an  investigation  of  the  subject.  In  one  of  Marr’s  experiments  a 
soil  labelled  “New  Zealand  virgin  pasture  ”  yielded  0-047  per  cent,  of  C02 
when  boiled  with  water  alone.  We  have  obtained  similar  and  even  larger 
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figures — e.g.,  0-08  per  cent. — in  the  case  of  typical  soils  from  the  Canter¬ 
bury  Plains  Soil  District.  Failure  to  recognize  this  source  of  error  brings 
it  about  that  the  results  shown  below  in  Table  II  are  maximum  values, 
since  the  figures  given  include  not  only  the  C02  liberated  from  soil 
carbonates,  but  also  that  set  free  from  decomposed  organic  matter. 


Table  II. 


Lab.  No. 

Locality. 

CO  2  liberated 
on  boiling 

Soil  with  dil. 

HC1  after 
boiling  with 
Water. 
(Grammes 
per  cent.) 

Percentage  of 
CaC03, 
assuming  all 
CO  2  to  be 
derived  from 
CaC03. 

Remarks. 

Group  A. — Southland  Soils  requiring  Lime. 

S3 

Wallacetown 

0-07 

0-17 

Unlimed. 

S  7 

Wallacetown 

0T6 

0-38 

1  ton  lime,  1 906  and 

. 

1915. 

S  9 

Branxholme 

0-08 

0-20 

Unlimed. 

S  14 

Rakahouka 

0T27 

0-29 

#  , 

S  17 

Woodlands 

0-136 

0-31 

Unlimed. 

S  16 

Woodlands 

0-176 

0-40 

1  ton  lime,  1915. 

S  18 

Edendale 

0-123 

0-28 

2  tons  lime,  1896. 

S  19 

Edendale 

0-083 

0-19 

2  tons  lime,  1910. 

S  20 

Edendale 

0-114 

0-26 

Unlimed. 

Group  B. — Southland  Soils 

not  requiring 

Lime. 

S  26 

Lady  Barkly 

0-066 

0-16 

,  , 

S  29 

Centre  Bush 

0-07 

0-17 

Group  C. — Soils  from,  Canterbury  Plains  Soil  District. 

C  101  . . 

Methven 

0-05 

0-13 

C  102  . . 

Methven 

0-048 

0-11 

C  103  . . 

Methven 

0-07 

0-17 

C  104  . . 

Methven 

0035 

0-08 

C  105  . . 

Lyndhurst 

0-02 

0-05 

C  106  . . 

Lyndhurst 

0-039 

0-09 

C  107  . . 

Mitcham 

o-oi 

0-04 

C  108  . . 

Somerton 

0-03 

0-07 

C  109  . . 

Rakaia  West 

0-004 

o-oi 

C110  .. 

Rakaia  East 

0-05 

0-12 

cm  .. 

Overdale 

0-05 

0-12 

C  112  .. 

Chertsey 

0-05 

0-13 

C  114  . . 

Mount  Somers 

0-05 

0-13 

C  117  .. 

Chelmsford 

0-03 

0-07 

C  118  .. 

Chelmsford 

0-035 

0-08 

C  119  .. 

Tynwald 

0-066 

0-15 

C  120  .  . 

Eifelton 

o-io 

0-23 

C  121  . . 

Longbeach 

0-04 

o-io 

C  122  . . 

Longbeach 

0-07 

0*17 

C  124  . . 

Waterton 

0-05 

0-13 

C  125  . . 

Greenstreet 

o-io 

0-23 

C  126  . . 

Greenstreet 

0-11 

0-25 

C  221  . . 

Willowbridge 

0-048 

0-11 

C  223  . . 

Temuka 

0-026 

0-06 

C  206  . . 

Milford 

0-04 

o-io 

C  208  . . 

Waitohi  Elat 

0-048 

0-11 

C  218  . . 

Waihao  Flat 

0-05 

0-13 

So  far  as  is  known  to  the  writers,  none  of  the  soils  in  Group  C  have  been 
limed. 


72  The  N.Z.  Journal  of  Science  and  Technology.  [April 

In  the  descriptions  of  Groups  A  and  B  in  the  above  table  the  terms 
“  requiring  lime  ”  and  “  not  requiring  lime  ”  are  used  in  the  same  sense  as 
they  have  previously  been  used  in  articles  relating  to  the  lime  requirements  of 
Canterbury  and  Southland  soils  (Wild,  1917,  and  Wild  and  Anderson,  1917). 

We  do  not  at  present  propose  to  discuss  the  bearing  of  these  results 
on  soil  fertility  in  the  localities  under  consideration.  We  have  shown  that 
the  maximum  figure  representing  the  percentage  of  carbonate  of  lime  in 
these  soils  is  small,  especially  in  soils  of  the  Canterbury  Plains  Soil  District  ; 
but  we  have  yet  to  eliminate  the  error  introduced  by  the  decomposition  of 
organic  matter  under  the  conditions  of  the  method  employed.  To  do  this 
is  the  object  of  experiments  now  in  progress,  the  results  of  which  we  hope 
to  communicate  later. 


List  of  Papers  cited. 

Amos,  A.,  1905.  The  Determination  of  Soil  Carbonates,  Journ.  Agric.  Sci.,  vol.  1,  p.  322. 

Hutchinson,  H.  B.,  and  MacLennan,  K.,  1914.  The  Determination  of  Soil  Carbonates, 
Journ.  Agric.  Sci.,  vol.  6,  p.  323. 

Marr,  F.  S.,  1909.  Estimation  of  Calcium  Carbonate  in  Soils,  Journ.  Agric.  Sci.,  vol.  3, 
p.  155. 

Russell,  E.  J.,  1917.  Soil  Conditions  and  Plant  Growth,  3rd  ed.,  p.  218  (Longmans, 
Green,  and  Co.,  London). 

Wild,  L.  J.,  1917.  Lime  Requirements  of  New  Zealand  Soils,  Journ.  Agric.  Sci.,  vol.  8, 
p.  154. 

Wild,  L.  J.,  and  Anderson,  J.  G.,  1917.  On  the  Absorption  of  Lime  by  Soils,  Trans. 
N.Z.  Inst.,  vol.  49,  p.  466. 


SOME  NOTES  ON  THE  ENGINEERING  SURVEY  OF 
THE  PROPOSED  ARAPUNI  DAM  SITE.* 

By  C.  B.  Sealy,  Arapuni. 

;  “A  ' 

The  establishing  of  a  hydro-electric-power  station  at  the  Arapuni  Gorge, 
on  the  Waikato  River,  having  been  proposed,  it  became  necessary,  after 
the  initial  survey  had  resulted  in  the  preliminary  selection  of  a  dam  site 
and  power-house  site,  to  examine  rigidly  and  systematically  the  founda¬ 
tions  and  rock  strata  at  and  in  the  vicinity  of  the  proposed  dam  site. 
It  is  this  engineering  survey  or  examination  that  it  is  now  proposed  to 
describe  ;  and  in  order  that  a  description  of  the  work  now  in  hand  may  be 
clearly  understood  it  will  be  advisable  to  refer  briefly  to  the  proposed  general 
scheme  (see  plan,  fig.  1). 

The  topography  of  the  locality  may  be  pictured  as  follows  :  On  the 
western  side  of  the  river,  at  the  foot  of  a  hog-backed  hill,  there  occurs 
an  old  river-bed  of  the  Waikato,  leaving  the  present  gorge  just  above  the 
proposed  dam  site,  and  running  roughly  parallel  to,  but  130  ft.  above,  the 
existing  river-course,  separated  from  it  by  a  low  fern-covered  ridge.  It  is 
into  this,  its  old  bed  of  bygone  centuries,  that  it  is  proposed  once  more  to 
divert  the  river  by  the  erection  of  a  dam  to  a  height  about  146  ft.  above 
present  water-level.  This  old  channel  will  need  to  be  deepened  and  widened 
somewhat  in  places,  and  will  then  form  a  natural  head-race,  along  which 
the  water  will  be  conducted,  at  a  maximum  velocity  of  4  ft.  per  second, 


*  Paper  read  before  the  Auckland  Branch  of  the  New  Zealand  Society  of  Civil 
Engineers,  Hamilton,  25th  October,  1919. 
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for  a  distance  of  about  60  chains.  Arrived  here,  opposite  the  proposed 
power-house  site,  situated  in  the  bottom  of  the  present  gorge,  an  overflow 
weir  across  the  old  channel  will  turn  the  river  into  parallel  steel-lined  tunnels 
about  7  chains  long,  piercing  the  above-mentioned  fern-covered  ridge  at 
a  very  steep  inclination,  and  delivering  the  water  to  the  machines  with  a 
total  head,  measured  from  the  crest  of  the  spillway  weir,  of  about  165  ft. — 
25  ft.  of  which  represents  the  head  gained  by  the  fall  in  the  gorge  between 
the  dam  site  and  the  power-house  site.  Hence  the  selection  of  the  power¬ 
house-site  so  far  below  the  dam — an  arrangement  which  is  rendered  most 
economical  by  nature’s  provision  of  the  natural  head-race  already  referred 
to.  When  the  works  are  installed  the  present  gorge  will  thus  be  dry 
between  the  dam  and  the  power-house,  the  diverted  water  taking  up  its 
present  course  again  on  leaving  the  machines  immediately  below  the  power¬ 
house.  Fig.  3  gives  a  view  of  the  gorge  at  the  dam  site,  and  the  mouths  of 
some  of  the  prospecting-drives  can  be  seen. 

There  will  be  no  overflow  at  the  main  dam,  which  will  be  built  to  a  height 
10  ft.  above  the  crest  of  the  spillway  weir,  where  all  overflow  will  be  dealt 
with,  this  overflow  re-entering  the  present  channel  about  a  mile  farther 
on  by  way  of  the  old  watercourse. 

To  proceed  with  the  description  of  the  examination  of  the  dam  site 
now  in  hand  :  It  is  required  rigidly  to  examine  and  test  the  material  in  and 
on  which  the  dam  is  to  be  built,  for  compression,  watertightness,  porosity,  and 
power  to  resist  erosion  by  water  under  pressure.  It  is  obvious,  therefore,  that 
sufficient  of  the  site  foundations  and  surrounding  country  should  be  opened 
up,  probed  into,  and  tested  to  obtain  thoroughly  representative  tests  over 
the  whole  site.  To  do  this  a  series  of  shafts  is  being  sunk  on  each'  side  of 
the  gorge  from  the  top  of  the  cliffs  to  20  ft.  below  the  bottom  of  the  river, 
and  connected  by  a  tunnel  under  the  river.  Nine  prospecting-drives  (five 
on  the  eastern  bank  and  four  on  the  western)  have  been  driven  in  from 
the  face  of  the  cliff  to  these  shafts,  or  outwards  from  the  shaft  where  the 
perpendicular  cliff-face  makes  access  from  outside  difficult,  at  approximately 
every  30  ft.  between  water-level  and  the  top  of  the  cliffs.,  In  addition, 
eight  short  cross-drives  have  been  driven  across  the  site  to  test  the  country 
to  each  side  of  the  main  drives. 

On  referring  to  fig.  2  it  will  be  seen  that  the  eastern  shafts  are  at  present 
completed  for  127  ft.  from  the  top  of  the  cliff  (347  ft.  level)  to  No.  2  drive 
(220  ft.  level),  penetrating  a  light-coloured  well-consolidated  rock,  prac¬ 
tically  free  from  fissures,  clefts,  or  shakes.  The  lower  portion  of  these  shafts 
was  driven  upwards  to  meet  that  descending  from  the  surface.  At  level 
238  ft.  the  perpendicular  cliff  ceases  and  a  deep  talus  overlying  easier  slopes 
occurs. 

Drive  No.  2  (220  ft.  level)  was  driven  in  for  37  ft.  through  this  talus, 
and  then  on  under  the  solid  cliff  for  a  farther  160  ft.,  penetrating  at  first  a 
dark  volcanic  tuff  which  grades  upward  into  the  light-coloured  well-consoli¬ 
dated  rock  above  referred  to,  and  inward  to  a  grey  or  buff-coloured  rock 
in  which  pumiceous  rhyolite  is  well  marked.  This  latter  formation  under¬ 
lies  the  talus  on  both  sides  of  the  river,  and  grades  gradually  upward  under 
the  main  cliff  into  the  light-coloured  rock  first  mentioned. 

Dr.  Henderson,  Government  Geologist,  in  his  “  Notes  on  the  Geology 
of  the  Waikato  Valley  near  Maungatautari  ”  (this  Journal,  vol.  1,  No.  1, 
p.  58),  refers  to  the  upper  rock  as  tc  a  light-coloured  well-consolidated  rock, 
and  on  page  56  describes  what  is  without  doubt  the  lower  rock  as  “  a  light- 
coloured  rock  of  subaerial  origin  which  bears  a  marked  resemblance  to  the 
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so-called  ‘  wilsonite  ’  of  the  Waihi  district.  It  has  a  fine-grained  matrix, 
in  which  small  fragments  and  flakes  of  pmniceous  rhyolite  lie  roughly 
parallel.  This  rock  in  fresh  section  is  usually  a  pale-yellow,  grey,  or  buff 
colour,  and  weathers  to  various  shades  of  grey.’’  This  resemblance  to  the 
rock  of  the  Waihi  district  has  also  been  commented  on  by  Mr.  Gauvain, 
chief  engineer  to  the  Waihi  Gold-mining  Company,  in  conversation  with 
the  writer  on  occasions  of  visits  to  Arapuni.  The  andesite,  obsidian,  grey- 
wacke,  and  white  mudstone,  also  described  by  Dr.  Henderson  in  his  above- 
quoted  article,  are  encountered  in  and  behind  the  boulder  formation  near 
the  river-edge  at  the  190  ft.  level  (drives  Nos.  3  and  4). 

ARAPUNI 


Fig.  2. — Plan  and  section  of  prospect  drives  and  shafts  at  dam  site. 

The  western  shafts  are  completed  throughout  from  the  top  of  the  cliff 
(328  ft.  level)  to  20  ft.  below  the  river-bottom  (126  ft.  level) — just  over 
200  ft.  vertical  in  all.  The  well-consolidated  nature  of  the  rock  penetrated 
is  of  particular  interest  in  view  of  two  theories  advanced  as  to  the  origin¬ 
ating  cause  of  the  Arapuni  Gorge.  One,  not  favoured  by  the  geologists,  is 
that  it  is  the  result  of  an  earthquake  crack,  and,  that  being  so,  clefts  and 
fissures  similar  to  those  showing  on  the  laminated  face  would  occur  farther 
back  from  the  cliff-face  and  under  the  river.  The  other  theory  is  that  the 
gorge  is  the  result  of  normal  river  erosion,  and  that  faults  in  the  rock  are 
not  likely  to  be  encountered.  That  it  appears  now  as  if  the  latter  view 
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is  likely  to  prove  the  correct  one  is,  of  course,  distinctly  satisfactory.  The 
shafts  disclosed  practically  no  fissures  or  clefts,  but  have  gone  down  through 
uniform,  firm  rock  foundation,  which  has  become  more  solid  in  a  uniformly 
graduated  manner  in  the  50  ft.  below  water-level  that  it  has  been  pierced, 
and  has  proved  very  “  tight  ”  and  hard  to  shift  with  explosives. 

The  ordinary  water-level  is  at  182-5  ft.,  and  the  deepest  river  sounding 
obtained  was  30  ft.,  making  the  river-bottom  level  152-5  ft.  The  bottom  of 
the  western  shaft  is  sunk  to  126  ft.  level,  the  last  5  ft.  of  this  shaft  being 
intended  for  a  drainage  sump  to  keep  the  under  river  clear  of  a  slight 
soakage  from  the  cliff  behind  and  of  any  water  that  may  drain  in  through 
the  roof.  The  floor-level  of  the  drive  itself  is  thus  131  ft.,  with  a  slight 
upward  grade  to  132  ft.  at  midstream  for  drainage.  The  roof  of  the  drive 
will  here  equal  137-5  ft.  level,  providing  a  minimum  amount  of  cover  of 
15  ft.  between  the  bottom  of  the  river  and  the  roof  of  the  drive — provided 
no  deep,  narrow  clefts  in  the  river-bottom  have  been  missed  in  the 
soundings.  Bearing  the  possibility  of  this  in  mind,  a  supply  of  various¬ 
sized  stout  wooden  plugs  and  old  sacking  is  kept  handy  to  plug  any  breach 
that  might  possibly  occur. 

The  sounding  of  the  river  was  one  of  the  most  difficult  tasks  attempted, 
on  account  of  the  high  velocity  of  the  stream  and  the  roughness  of  the 
bottom.  Finally,  satisfactory  soundings  were  obtained  by  using  a  sounding¬ 
line  of  piano-wire  with  a  weight  of  from  50  lb.  to  80  lb.  (old  truck-wheel's) 
for  a  sinker.  A  heavy  wire,  with  a  cage  on  a  traveller,  was  stretched  across 
the  river  at  the  site  ;  a  small  windlass,  round  which  the  sounding-line  was 
wound,  was  fitted  to  the  cage,  which  was  allowed  to  travel  along  the  wire 
so  as  to  get  soundings  at  5  ft.  intervals  ;  the  bottom  end  of  the  sounding¬ 
line,  with  the  sinker  attached,  was  then  cast  into  the  stream  from  projecting 
points  well  up  the  river,  and  by  the  time  the  current  had  carried  the  weight 
down  to  the  line  of  the  dam  the  leadsman,  if  lucky,  had,  with  the  aid  of 
the  windlass,  got  the  sounding-line  perpendicularly  under  the  cage,  while 
the  depth  was  noted  by  an  observer  on  the  river-bank.  It  was  a  lengthy 
process,  however,  occupying  two  days  ;  and  it  can  well  be  imagined  that 
for  every  successful  cast  there  were  dozens  of  unreliable  ones  that  had  to 
be  rejected.  As  a  matter  of  fact,  practically  all  the  successful  casts  were 
those  where  the  weight  caught  on  the  bottom  when  under  the  cage,  in 
which  case  it  generally  meant  that  the  sinker  and  most  of  the  sounding¬ 
line  had  to  be  sacrificed.  Luckily  there  was  a  good  supply  of  old  iron  to 
draw  on  for  the  sinkers. 

Although  the  under-river  drive  is  not  yet  sufficiently  advanced  to  arrive 
at  any  definite  conclusion  as  to  the  watertightness  of  the  rock,  it  may  be 
remarked  that  it  is  piercing  uniformly  firm  rock  formation,  and  also  that 
it  had  a  partial  test  about  three  weeks  ago  in  the  following  manner  :  The 
river  was  in  high  flood  on  the  6th  October,  1919,  rising  10  ft.  and  flooding 
out  Nos.  3  and  4  levels.  The  shaft  and  under-river  drive,  being  purposely 
unconnected  with  the  rest  of  the  system  in  anticipation  of  such  a  flood, 
were  not  affected,  and,  although  the  river  rose  and  spread  until  it  was  well 
over  the  end  of  the  under-river  drive,  there  was  no  leakage  and  the  drive 
remained  perfectly  dry.  Neither  was  there  any  lateral  leakage  from  the 
river  to  the  shaft  in  the  40  ft.  exposed  to  this  danger. 

We  come  now  to  the  discussion  of  one  of  the  most  difficult  of  the  tasks 
that  are  to  be  faced  before  the  dam  can  be  constructed,  and  that  is  the 
controlling  of  the  river  and  dealing  with  such  a  great  volume  of  water  during 
construction — -a  minimum  of  4,600  cubic  feet  per  second  and  a  probable 
maximum  of  20,000. 
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Fig.  3. — View  of  Arapuni  Gorge  at^dam  site,  looking  down-stream, 
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To  understand  the  scheme  at  present  proposed,  fig.  1  should  be  referred 
to.  This  shows  the  provision  of  two  diversion  tunnels,  each  25  ft.  3  in. 
in  diameter,  curving  in  a  large  sweep  well  away  from  the  abutments  of  the 
main  dam,  with  two  temporary  dams — one  on  the  up-stream  side  to  turn 
the  water  into  the  tunnels,  and  one  on  the  down-stream  side  to  prevent  the 
water  cutting  back  on  to  the  main-dam  site  from  the  point  of  discharge 
from  the  diversion  tunnels  into  the  river-channel  again.  A  dry  river-bed 
will  thus  be  provided  for  the  building  of  the  main  dam. 

The  diversion  tunnels  will  start  at  water-level  on  the  down-stream  side, 
though  a  good  block  will  be  left  at  first  to  guard  against  flooding  the  tunnels 
during  construction.  The  tunnels  will  be  carried  out  at  an  approximately 
level  grade  to  the  point  of  entrance  up-stream,  which  will  thus  put  the  upper 
end  of  the  tunnel  partially  below  water-level,  owing  to  the  grade  of  the 
river. 

Several  methods  have  been  considered  for  connecting  the  diverting- 
tunnels  to  the  river,  and  for  forming  the  temporary  dams  required  to  divert 
the  river  into  these  tunnels,  and  to  keep  it  from  coming  back  into  the  excava¬ 
tions  for  the  dam-foundations.  The  steep  sides  of  the  gorge,  and  the  exist¬ 
ence  of  an  old  natural  dam  formed  by  a  slip  centuries  ago  farther  up  the 
river,  suggest  that  it  would  be  possible  to  mine  the  sides  of  the  gorge  above 
the  proposed  dam  site  and  bring  down  sufficient  material  to  form  an  efficient 
temporary  diversion.  Provision  is  made  for  the  closing  and  sealing  of 
these  tunnels  when  the  dam  is  completed. 

The  driving  of  the  headings  of  these  diversion  tunnels  as  prospecting- 
drives  is  part  of  the  present  scheme  of  investigation,  and  this  work  is  now 
about  to  be  started.  Drives  Nos.  3  and  4  are  to  be  prolonged  to  the  point 
where  the  diversion  tunnels  crosscut  them,  and  headings  will  be  driven 
up  and  down  stream  from  that  point  to  meet  headings  driven  from  entrances 
and  exits,  thus  attacking  the  tunnels  from  eight  separate  faces.  This  work 
and  the  completion  of  the  under-river  drive — now  about  30  ft.  under  way — 
is  practically  what  remains  to  complete  the  work  of  investigation. 

Numerous  specimens  from  the  completed  drives  and  shafts  have  been 
submitted  to  compression  tests.  These  on  preliminary  designs  are  required 
to  stand  a  constant  compressive  load  of  12*5  tons  to  the  square  foot. 
This  can  be  reduced  where  required  by  spreading  abutments.  The  erosion 
under  water-pressure  and  porosity  tests  are  now  under  way  at  the  gorge. 
Reservoirs  are  placed  on  top  of  the  cliff,  and  water-pipes  are  led  from  them 
down  into  the  gorge,  and  either  cemented  into  a  block  of  stone  taken  from 
the  tunnels,  or  turned  into  the  tunnels  themselves  and  cemented  into  the 
sides  of  the  drives,  into  holes  that  have  been  drilled  to  receive  them.  The 
reservoirs  are  kept  full  of  water,  which  thus  puts  the  specimen  block  or 
side  of  the  tunnel  under  the  same  water-pressure  that  it  will  be  called  on  to 
withstand  when  the  dam  is  built  and  holding  back  the  river.  Each  morning 
the  reservoirs  are  filled  up,  the  exact  leakage  being  carefully  noted  and 
recorded. 

The  amount  of  evaporation  is  allowed  for  by  providing  one  pipe  as  an 
evaporation  test,  the  end  being  securely  blocked,  so  that  evaporation  alone 
is  responsible  for  the  amount  of  daily  replenishing.  A  corresponding 
evaporation  deduction  is  then  made  from  each  of  the  other  records. 
Comparisons  can  then  be  made  with  test-pipes  let  into  specimen  blocks  of 
proved  stability  and  watertightness. 

Some  further  test-holes  had  to  be  sunk  on  the  eastern  side  some  distance 
back  from  the  cliff-edge,  as  there  is  a  surface  depression  in  the  terrace  that 
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lies  inland  from  the  cliff.  There  was  a  possibility,  if  this  country  was  not 
sufficiently  water-resisting  at  and  below  the  level  of  the  crest  of  the  dam, 
of  the  river  scouring  its  way  along  the  line  of  the  depression  after  its  level 
had  been  raised.  Accordingly  these  holes  were  sunk  to  about  the  level 
of  the  crest  of  the  dam  ;  rock  specimens  were  taken  from  them  and  tested 
to  determine  the  degree  of  their  water-resisting  power,  with  quite  satis¬ 
factory  results. 

Among  the  minor  works  which  had  to  be  accomplished  before  the  work 
of  investigation  could  be  started  were  the  navvying  of  a  wagon-track  to 
the  camp  from  the  end  of  the  existing  road,  a  mile  away  ;  a  walking- track 
down  the  cliff  into  the  gorge  ;  and  the  construction  of  a  suspension  bridge 
over  the  river. 

■  The  levels  given  herein  have  not  been  referred  to  sea-level,  but  are 
based  on  the  Waihi  Company’s  datum  at  Horahora,  which  assumes  a  zero 
100  ft.  below  the  level  of  the  head-race  there.  That  zero  point  is  probably 
somewhat  above  sea-level,  so  that  all  the  levels  given  here  will  be  found 
low  if  closed  on  to  a  sea-level  datum.  The  actual  fall  between  the  Arapuni 
tail-race  and  the  Horahora  head-race  will  be  60  ft. 

In  conclusion,  I  would  refer  to  the  effect  the  building  of  the  dam  will 
have  on  the  Waikato  River  here  as  a  navigable  waterway.  The  damming- 
back  of  the  river  will  result  in  a  lake  18 J  miles  long  and  about  180  ft.  deep 
at  the  lower  end.  This  will  provide  a  fine  inland  waterway  for  motor- 
launches  and  small  steamers,  into  country  that  is  now  being  rapidly  settled 
and  brought  into  farming-land.  The  Te  Awamutu  -  Putaruru  Railway, 
which  is  being  promoted  under  the  provisions  of  the  Local  Railways  Act, 
proposes  to  cross  the  river  on  a  bridge  built  on  top  of  the  dam,  thus  pro¬ 
viding  the  up-river  farmer  with  a  most  convenient  access  to  the  outside 
markets.  The  lake  will  also  afford  fishing,  shooting,  and  boating  possibili¬ 
ties,  and  scenic  beauties  that  should  prove  a  decided  attraction  to  the 
future  tourist  and  holiday-maker. 


A  MINERAL  NEW  TO  NEW  ZEALAND— PILOLITE. 

By  J.  Henderson,  M.A.,  D.Sc. 

A  mile  or  more  north  of  Mahoenui,  a  small  township  in  the  south-western 
corner  of  the  old  Province  of  Auckland,  the  Awakino  has  cut  a  gorge 
through  thick  beds  of  sandy  limestone.  In  a  road-cutting  in  the  gorge 
a  bank  of  yellow  clayey  sand,  undoubtedly  derived  from  the  decay  of  the 
limestone,  contains  parallel  veinlets  of  a  white  material.  These  veins  dip 
steeply,  are  up  to  \  in.  thick,  and  occur  in  a  zone  some  2  in.  or  3  in.  wide. 
They  extend  down  the  whole  face  of  clayey  sand,  7  ft.,  and  were  excavated 
2  ft.  into  the  bank  without  showing  any  change  in  appearance  or  dis¬ 
tribution.  Evidently  the  veins  have  been  formed  from  material  leached 
from  the  clayey  sand  by  surface  waters. 

The  mineral,  which  is  tough  and  leathery,  readily  splits  into  translucent 
flexible  sheets  as  thin  as  paper,  and  parallel  to  the  walls  of  the  veins.  It 
is  white  in  colour,  with  a  faint  yellow  tinge,  and  has  a  satiny  lustre. 
Hydrochloric  acid  causes  the  mineral  to  gelatinize  slightly,  and  readily 
removes  the  yellowish  tint  above  referred  to.  Some  portion  of  the  material 
collected  was  less  tough  and  leathery  than  others,  and  did  not  so  readily 
split  into  thin  sheets.  An  analysis  was  made  of  this  variety  by  the 
Dominion  Analyst,  as  well  as  of  the  more  abundant  papery  material,  with 
the  following  results  : — 
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Silica  (Si02) 

Papery 

Material. 

56-08 

Thicker 

Material. 

55-88 

Pilolite. 

54-37 

Alumina  (A1203.)  . . 

14-02 

19-35 

11-27 

Ferric  oxide  (Fe203) 

1-16 

0-88 

0-21 

Ferrous  oxide  (FeO) 

•  0 

•  • 

1-09 

Manganese  oxide  (MnO) 

.  . 

•  . 

0-33 

Titanium  dioxide  (TiOs) 

Nil 

Nil 

.  . 

Lime  (CaO) 

0-88 

0-75 

0-98 

Magnesia  (MgO) 

8-42 

2-78 

9-49 

Soda  (Na20)  ...  .  . 

0-08 

0-20 

•  • 

Potash  (K20)  . .  .  . 

0-47 

0-32 

•  e 

Water  at  100°  C.  .  .  ... 

6-40 

6-40 

9-26 

Combined  water  . .  -  .  . 

13-10 

13-20 

13-15 

100-61 

99-76 

100-15 

The  fact  that  the  samples  differ  so  widely  in  the  porportions  of  alumina 
and  magnesia  without  varying  greatly  in  the  other  constituents  suggests 
that  the  material  consists  of  a  mixture  of  hydrated  silicates  of  alumina  and 
magnesia  of  corresponding  composition.  Closely  related  families  of  silicates 
are  well  known,  such  as  the  kaolinite  and  serpentine  families,  in  which  A1203 
in  the  former  is  replaced  by  3MgO  in  the  latter.  Compare  the  following  mineral 
species  :  Kaolinite  (Al203.2Si02.2H20)  and  serpentine  (3Mg0.2Si02.2H20)  ; 
pyrophyllite  (A1203 .4Si02  .H20)  and  talc  (3MgO  .4Si02 . 2H20)  ;  cimolite 
(2A1203 . 9Si02 . 6H20)  and  sepiolite  (6MgO .  9Si02 . 6H20).  These  minerals 
are  crystalline^  and  in  some  one  or  other  of  their  occurrences  have  a  scaly, 
lamellar,  fibrous,  or  felted  structure.  Again,  when  associated  with  more 
molecules  of  water,  which  is  expelled  at  boiling-point,  they  give  rise  to  a 
series  of  amorphous  mineral  species — kaolinite  to  halloysite,  talc  to  steatite, 
pyrophyllite  to  montmorillonite,  &c.  Rectorite,  another  superhydrated 
kaolinite,  is  leathery  and  physically  similar  to  the  material  here  considered. 

Mixtures  of  the  various  silicates  occur  also,  as  in  the  minerals  saponite  . 
arctolite,  neolite,  and  pilolite:'  Of  “these;™ the”  last-mentioned,  a  fibrous, 
tough,  and  flexible  mineral  occurring  at  various  localities  in  Scotland  “  in 
granular  limestone,  in  granite  veins,  and  in  veins  in  sandstones  and  slates,” 
is  very  similar  to  the  material  found  near  Mahoenui,  although  containing 
less  alumina  and  more  magnesia.  Dana,  in  his  System  of  Mineralogy, 
gives  several  analyses,  of  which  that  nearest  to  those  of  the  mineral  here 
described  is  tabulated  with  them. 

The  water  lost  at  boiling-point  probably  does  not  enter  into  the  com¬ 
position  of  the  molecule,  and  the  analyses  have  been  recalculated  with 
the  omisssion  of  such  water  and  also  of  the  soda  and  potash  contained  in 
the  mineral.  The  results  are  here  tabulated  together  with  cimolite  and 
sepiolite  (the  German  meerschaum).  From  its  manner  of  formation,  im¬ 
purities  are  sure  to  be  present,  and,  taking  this  into  account,  it  seems 
probable  that  the  mineral  consists  of  a  variable  mixture  of  molecules  of 
cimolite  and  sepiolite  or  of  related  superhydrated  minerals. 


Papery 

Material. 

Thicker 

Material. 

Cimolite. 

Sepiolite. 

Silica  (Si02)  .  . 

.  .  59-9 

60-2 

63-4 

60-8 

Alumina  (A1203) 

.  .  15-0 

20-8 

23-9 

.  . 

Ferric  oxide  (Fe203) 

1-2 

1-0 

•  . 

.  • 

Lime  (CaO) 

0-9 

0-8 

•  • 

Magnesia  (MgO) 

9-0 

3-0 

. . 

27-1 

Combined  water 

.  .  14-0 

14-2 

12-7 

12-1  . 

100-0 

100-0 

100-0 

100-0 
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MAORI  STRING  GAMES. 

Bv  Johannes  C.  Andersen. 

With  Illustrations  by  J.  McDonald. 

WHAI  (CAT’S -CRADLE). 

This  pastime  of  the  Maori  was  much  more  widely  known  in  pre-European 
times  than  at  the  present  day.  It  is  generally  termed  whai ;  in  full,  te 
whai  wawewawe  a  Maui;  occasionally,  maui  and  huhi.  Its  origin  is,  in 
myth,  accredited  to  Maui,  one  of  the  old  heroes,  demigods,  or  personifica¬ 
tions  so  well  loved  by  uncultured  man  ;  and  hence  it  is  sometimes  called 
by  his  name.  The  forming  of  the  many  varied  patterns  provided  amuse¬ 
ment  during  the  long  winter  nights,  and  in  former  times  the  game  was 
practised  by  both  young  and  old. 

There  are  but  few  references  to  the  game  in  New  Zealand  literature,  and 
these  references  are  only  to  the  patterns  produced,  no  details  whatever 
being  given  of  the  methods  of  producing  them.  A  few  of  these  references 
follow  — 

From  Dieffenbach  ( Travels  in  New  Zealand,  vol.  2,  p.  32) :  “  In  the  game 
of  Maui  they  are  great  proficients.  This  is  a  game  like  that  called  cat’s- 
cradle  in  Europe,  and  consists  of  very  complicated  and  perplexing  puzzles 
with  a  cord  tied  together  at  the  ends.  It  seems  to  be  intimately  connected 
with  their. ancient  traditions,  and  in  the  different  figures  which  the  cord  is 
made  to  assume  whilst  held  on  both  hands  the  outlines  of  their  different 
varieties  of  houses,  canoes,  or  figures  of  men  and  women  are  imagined  to 
be  represented.  Maui,  the  Adam  of  New  Zealand,  left  this  amusement 
to  them  as  an  inheritance.” 

From  Thomson  ( Story  of  New  Zealand,  vol.  1,  p.  196)  :  “  Maui  is  a  game 
played  exactly  like  what  in  England  children  call  cat’s- cradle.  Two 
parties  play  at  it,  and  in  the  shapes  assumed  by  the  strings  the  players 
detect  houses,  canoes,  and  men.  Maui  is  mentioned  in  ancient  songs,  and 
was  invented  by  the  deified  man  whose  name  it  bears.” 

From  Taylor  (Te  I ka  a  Maui,  p.  172)  :  “  He  whai,  or  maui. — The  cat’s- 
cradles  is  a  game  very  similar  to  our  own,  but  the  cord  is  made  to  assume 
many  more  forms,  and  these  are  said  to  be  different  scenes  in  their  mythology, 
such  as  Hine-nui-te-po,  mother  night  bringing  forth  her  progeny,  Maru  and 
the  gods,  and  Maui  fishing  up  the  land.  Men,  canoes,  houses,  &c.,  are  also 
represented.  Some  state  that  Maui  invented  this  game.” 

S.  Percy  Smith  (in  Journal  of  the  Polynesian  Society,  vol.  7,  p.  61,  note)  : 
“  The  terms  ti,  miri,  and  kuna  are  all  used  in  the  games  of  whai,  or  cat’s- 
cradle,  which  were  wonderfully  complicated  as  used  by  the  Polynesians, 
and  had  stories  and  songs  connected  with  them.  Another  legend  says 
that  it  was  from  the  4  Realms  of  Miru  ’  that  the  knowledge  of  these  games 
was  obtained.” 

From  Tregear  (The  Maori  Race,  p.  58)  :  “  Cat’s-cradle  (whai,  huhi,  or 
maui)  was  known  to  the  Maoris,  as  to  almost  all  the  inhabitants  of  the 
Malay  Archipelago  and  South  Seas.  It  was  played  with  the  two  hands 
and  a  piece  of  string,  assuming  very  complicated  forms  ;  sometimes  a  whole 
drama  was  played  by  means  of  the  changing  shapes.  Two  of  the  favourites 
were  the  ascent  of  Tawhaki  the  Lightning  god,  to  heaven,  and  the  fishing-up 
of  the  land  by  the  hero  Maui.  There  were  proper  songs  chanted  as  accom¬ 
paniments  to  the  movements  of  the  player’s  hands.” 

6 — Science. 
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The  pattern  showing  the  ascent  of  Tawhaki  and  Karihi  to  the  heavens 
was  a  large  one.  When  set  up  out-of-doors  it  was  made  about  3  yards 
long,  one  person  at  each  end  making  the  pattern,  and  one  or  two  mani¬ 
pulating  the  central  parts,  causing  them  to  show  different  stages  of  progress, 
one  of  which  was  the  falling  of  Karihi  from  the  heavens. 

The  following  is  from  manuscript  of  John  White  :  “  Contests  in  this 
game  [whose  name  he  gives  as  te  whai  a  Maui ]  were  frequent  in  the  days 
of  yore,  when  the  people  of  a  hamlet  assembled  in  a  large  house  at  night. 
In  some  cases  two  players  would  take  their  cord  loops  and,  standing  or 
sitting  back  to  back,  make  the  pattern  agreed  upon.  They  would  then 
face  each  other  and  compare  their  efforts.  Females  were  often  reckoned 
more  dexterous  than  males  at  the  making  of  these  string  patterns,  some 
of  which  are  most  intricate,  and  proficiency  in  the  formation  thereof  calls 
for  much  practice.  Some  of  the  figures  made  in  this  game  are  said  to  have 
represented  occurrences  in  the  mythology  of  the  race,  such  as  the  making  of 
Tiki-alma,  the  birth  of  the  gods,  the  descent  of  Hine-titama  (Hine-nui-te-Po) 
to  the  underworld,  Maui  procuring -fire,  as  also  other  exploits  of  Maui.” 

This  writer  gives  the  two  following  as  songs  repeated  by  a  player  of 

U^l(U  '  Takina  he  puwha  ma  taua 

Kia  ora  ai  te  wetewete  i  ta  taua  whai 

Matora,  raatora,  pioioi 

Matora  pioioi.  v 

and 

Te  karoro  i  Maunga-nui  ra  .  .  .  e 
Tikina  mai  ta  taua  whai 
Wetewetekia,  ka  whiwhi 
Ka  matora  kau  nene  tapa  Kuri. 

The  latter  was  also  used  as  a  method  of  conveying  a  hint  that  the  singer 
proposed  some  action,  such  as  a  raid,  in  which  he  wished  his  hearers  to 
assist  him. 

Adults  would  often  be  seen  teaching  young  folk  the  more  intricate 
patterns  of  whai,  and  children  learned  the  simple  patterns  from  each  other. 
Teeth  and  feet  were  sometimes  employed  in  the  setting-up  of  a  figure.  In 
many  cases  the  patterns  ran  in  series,  one  form  being  changed  into  another, 
the  change  being  often  effected  by  means  of  an  assistant  player. 

The  Rev.  W.  W.  Gill  has  recorded  the  game  as  being  known  at  Mangaia, 
one  of  the  Cook  Islands,  in  pre-European  times.  It  is  there  known  as  ai, 
the  local  dialect  having  lost  the  sounds  of  “  h  ”  and  “  wh.”  In  the  Hawaiian 
Islands  the  game  is  termed  hee  (Maori  heke),  and  we  are  told  that  people 
guessed  what  each  figure  represented  as  the  performer  made  it,  the  one 
who  guessed  correctly  then  singing  the  song  appropriate  to  the  figure. 

The  names  of  a  good  many  of  the  Maori  figures  have  been  gathered 
by  Mr.  Elsdon  Best  from  time  to  time,  and  the  following  lists  are  supplied 
by  him.  The  same  name  at  times  occurs  in  two  or  more  of  the  lists,  which 
were  obtained  from  different  tribes  :  in  these  instances  the  numbers  of 
the  lists  in  which  the  names  occur  are  affixed  to  the  name. 


List 

(Supplied  by  Tuta  Nihoniho, 
Kotore  huia. 

Tonga  Raurepa  (4). 

Te  ara  tiatia  a  Pawa. 

Ngutu  huia. 

Kawe  tupapaku. 

Mouti,  or  Moti  (3,  4). 

Moe  haere. 

Te  whai  papaki  tahi  a  Maui. 


I. 

of  the  Ngati-Porou  Tribe.) 

Te  toemi  a  Rua-mitimiti  (4). 
Paekohu  (3,  4). 

Kapunga  uru  tutu. 

Paepae  hamuti. 

Te  waka  a  Tama-rereti  (3,  4). 
Nga  ihiihi  o  Kopu  (2,  5). 

Te  puke  ki  Hikurangi. 
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Tuta  Nihoniho  also  supplied  a  few  explanatory  notes  :  “In  some  cases 
it  required  two  operators  to  set  up  a  complicated  pattern.  Only  adepts 
could  make  some  of  the  intricate  ones,  hence  the  saying,  Na  wai  koe,  te 
kuare,  i  ki  kia  rite  koe  ki  te  tangata  ka  rapa  te  wliai  (Who  said  that  you, 
the  ignoramus,  should  be  equal  to  the  person  who  can  make  intricate  whai 
designs  ?)  ;  also,  Na  wai  te  tangata  ka  rapa  te  whai,  as  said  of  a  person 
who  excels  at  making  the  difficult  patterns  of  whai  (He  who  excels  at  so 
difficult  a  thing  should  be  able  to  do  anything).  All  performers  strove  to 
surpass  others.  Elders  as  well  as  children  indulged  in  whai,  and  any  child 
who  was  clever  and  quick  in  learning  to  make  or  set  up  the  more  intricate 
patterns  was  deemed  worthy  of  being  taught  higher  things — perhaps  even 
to  be  entered  as  a  pupil  in  the  whare  wanangaN 


List  2. 


(Supplied  by  Kahotea  te  Heuheu,  of  Taupo,  of  the  Tuwharetoa  Tribe.) 


Nga  tara  kaikape. 

Tama  a  roa  (3). 

Te  kotiro  (4). 

Te  whare  o  Takoreke  (3,  4). 

Te  mahau  (o  te  whare  o  Takoreke). 
Kopu  (1). 

Purere-kohu. 


Tongariro. 

Te  rara  tuna. 

Te  komore  (3). 
Nga  Maui  (4). 

Te  ikiiki. 

Te  manuka  piko. 


Of  these  designs,  some  are  secondary,  formed  from  others.  The  one 
called  te  manuka  piko  is  formed  from  te  ikiiki.  That  known  as  te  rara  tuna 
shows  eels  being  smoke-dried  at  a  fire  called  an  ahi  rara  ika.  When 
forming  Purere-kohu,  the  manipulator  says,  Purere-kohu  e!  Ka  mau  koe  i 
te  taua  (0  Purere-kohu  !  you  will  be  captured  by  the  enemy),  and  the 
manipulation  of  the  cord  shows  Purere,  thus  addressed,  jumping  over  a 
cliff  to  escape. 

List  3. 


( Supplied  by  members  of  the  Tuhoe  Tribe.) 


Tiremiremi. 

Tonganui. 

Whare  puni  (5). 

Te  whare  to  to  kau. 

Te  whare  o  Takoreke  (2,  4). 
Te  whare  pora. 

Komore  (2). 

Tama  a  roa  (2). 

Tama  a  hine. 

Mouti  (1,  4). 


Wiwirau  (4). 

Paekohu  (1,  4). 

Te  rara  matai. 

Te  tutira  o  Maui. 

Te  whakahua  horopito. 

Te  ana  i  Tar&po,  or  Te  ana  o 
Karanga-hape. 

Te  ahi  i  tunua  ai  te  manawa 
o  Nukutauparoro. 

Te  waka  a  Tama-rereti  (1,  4). 


When  the  tiremiremi  design  was  set  up  its  parts  were  made  to  move  as 
the  following  was  recited  : — 

E  ai  ana  hold  e  pare  he  ana 
Te  waha  o  to  kotore  ki  rau  o  te  whenua 
Ira  to  puta  te  kainga  o  te  ariki 
Aua  nene,  aua  rekareka. 

The  whare  o  Takoreke  represents  a  house  decorated  with  carvings  ; 
whilst  the  whare  toto  kau  is,  as  its  name  implies,  a  house  plain  and 
unadorned.  Among  the  Tuhoe,  the  whare  pora  is  the  house  of  weaving. 
The  rara  matai  represents  a  tree  with  branches. 
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List  4. 


(' Obtained  at  the  hui  aroha, 

Mouti  (1,  3). 

Toemi  (1).  (Te  toemi  a  Rua- 
mitimiti  in  list  1.) 

Te  puia  i  Whakaari. 

Ngutu  koko. 

Maui  (2). 

Tutae  takahuri. 

Te  whare  o  Takore  (2,  3). 

Te  kani. 

Kiwi. 

Te  waka  kai  harakeke. 

Puta  a  toke. 

Moutohora. 


Gisborne,  in  Ajpril,  1919.) 

Te  waka  a  Tama-rereti  (1,  3). 
Tonga-raurepe  (1).  (Raurepa 
in  list  1.) 

Maikaika. 

Paekohu  (1,  3). 

Te  ara  o  Tawhaki. 

Whai  wahine. 

Whai  tane. 

Whai  kotiro  (2). 

Whiwhirau  (3). 

Waewae  kahu. 

Nga  pu-tutu. 


The  maui  figure  is  of  considerable  interest :  it  requires  two  persons  for 
its  completion,  and  shows  four  of  the  Maui  brothers/  It  was  one  of  fifteen 
figures  shown  by  one  elderly  Maori,  named  Aporo.  Cinema  pictures  of 
several  of  these  figures  were  taken  by  Mr.  J.  McDonald,  the  Dominion 
Museum  artist  and  photographer,  and  are  now  lodged  in  the  Museum. 
Aporo  was  a  man  of  parts,  for,  besides  being  proficient  in  string  games, 
he  was  a  bird-tamer,  a  teacher  of  speech  to  the  tui,  a  weather-prophet, 
something  of  an  impromptu  poet  and  singer,  and  a  dog-trainer.  His  own 
dog  was  able  to  do  several  supercanine  tricks. 


List  5. 


( From  various  districts.) 


Whare  kehua. 

Kapunga  rurutu. 

Motukiwi  ( also  known  as  Kau- 
parera). 

Nga  ihiihi  o  Kopu  (1,  2). 
Whare  puni  (3). 

Mawhiti. 

Paenui. 


Motu-kaheru. 

Waewae  pikaraihe. 

Te  Moana  nui  a  Kiwa. 
Matariki. 

Te  awanga. 

Ikaika  o  te  raranga. 
Matui. 

Poho-kereru. 


It  is  possible,  of  course,  that  the  same  figures  may  be  known  by 
different  names  in  different  districts,  and  that  consequently  several  of  the 
above  names  may  merely  be  synonyms.  It  is  as  well,  however,  to  have  .the 
names  on  record  until  such  time  as  the  figure  itself  may  be  discovered 
and  noted  down.  In  list  1  the  name  moe  haere  is  probably  nothing  more 
than  the  concluding  portion  of  mouti.  In  list  2,  te  malnau  is  a  continuation 
of  te  whare  o  Takoreke.  In  list  4,  whai  tane  is  a  continuation  of  whai 
wahine ,  and  whai  kotiro  is  probably  a  further  continuation,  for  the  Maori 
at  Gisborne  said  that  there  was  a  third  part  to  this  figure,  which  was  called 
by  some  of  them  tamaiti.  There  are  several  figures  with  star  names — Kopu, 
Nga  ihiihi  o  Kopu,  Matariki.  In  the  Polynesian  Islands,  too,  there  are  many 
figures  representing  stars.  In  New  Mexico  is  one,  Dil-ye-he  (the  Pleiades)  ; 
and  Matariki  (the  Pleiades)  is  one  of  the  names  in  list  5. 

In  the  year  1906  was  published  an  excellent  book  on  this  subject — 
String  Figures,  a  Study  of  Cat’s-cradle  in  Many  Lands,  by  Caroline  Furness 
Jayne.  The  book  shows  that  the  knowledge  of  the  game  is  world-wide  : 
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it  contains  a  great  many  examples,  with  full  descriptions  of  the  figures, 
and  good  illustrative  diagrams  not  only  of  the  completed  figures,  hut  of 
intermediate  stages  during  the  process  of  working  them  out.  An  intro¬ 
duction  by  Dr.  Alfred  C.  Haddon  gives  details  of  the  games  as  known  in 
various  countries.  He  writes  :  “As  a  child  I  had  played  cat’s-cradle  and 
had  seen  various  string  tricks,  but  it  was  not  until  the  year  1888  that  I  saw 
in  Torres  Straits  some  of  those  elaborate  string  figures  of  savage  peoples 
that  put  our  humble  efforts  to  shame.  I  found  that  a  couple  of  natives  do 
not  play  together  as  we  do,  ‘  taking  off  5  from  each  other,  but  that  each 
plays  separately,  though  in  exceptional  cases  two  players  may  be  required 
to  construct  a  particular  figure.  They  can  make  much  more  intricate 
devices  than  ours,  and  the  manipulation  is  correspondingly  complicated, 
toes  and  teeth  being  at  times  pressed  into  service.” 

He  makes  more  interesting  remarks  concerning  two  main  types  of  the 
figures  :  “  On  making  a  general  survey  of  string  figures,  or,  to  adopt  the 
English  colloquial  term,  4  cat’s-cradles,  ’  it  seems  that  they  fall  into  two  main 
groups  ;  but  as  our  knowledge  increases  we  may  find  that  this  generaliza¬ 
tion  will  have  to  be  somewhat  modified.  In  the  European  and  Asiatic  type 
two  strings  pass  around  the  back  of  each  hand,  and  the  crossing  loops  are 
taken  up  by  the  middle  fingers.  In  the  Oceanic  and  American  type  there 
are  no  strings  at  the  back  of  the  hand,  and  the  crossing  loops  are  taken 
up  by  the  indices.  The  former  invariably  requires  two  players,  while  one 
person  suffices  for  the  usual  figures  of  the  latter  type.  I  propose  to  designate 
these  two  types  as  the  Asiatic  and  Oceanic  respectively.” 

He  then  deals  briefly  with  the  games  as  played  in  Asia,  the  East  Indian 
Archipelago,  Europe,  and  in  Australia,  New  Guinea,  Melanesia,  Polynesia, 
America.  In  order  to  be  able  to  record  the  many  different  movements 
producing  the  various  figures,  he,  in  conjunction  with  Dr.  W.  H.  It.  Rivers, 
invented  a  nomenclature  which  he  and  some  others  following  him  have 
used  ;  but  its  technical  nature  is  somewhat  of  an  obstacle,  and  a  much 
simpler  and  equally  effective  nomenclature  has  been  used  by  Mrs.  Jayne 
in  the  book  under  discussion. 

Besides  describing  the  making  of  a  great  many  figures — the  illustrations 
to  which  number  nearl}^  one  thousand — Mrs.  Jayne  reproduces  a  large 
number  of  figures  that  are  known  only  from  the  finished  patterns.  Her 
book  is  a  most  valuable  text-book  on  the  art  of  making  string  figures. 

In  1912  Miss  Kathleen  Haddon  published  Cat’s-cradles  in  Many  Lands , 
a  volume  which  contains  many  of  the  figures  given  by  Mrs.  Jayne,  and 
others  in  addition.  In  this  book  the  scientific  nomenclature  invented  by 
Drs.  Haddon  and  Rivers  is  used. 

Each  of  these  books  contains  an  excellent  bibliography  on  the  subject  of 
string  games,  and  but  for  their  existence  none  of  the  comparisons  made 
between  Maori  string  games  and  those  of  other  lands  would  have  been 
possible. 

At  the  hui  aroha  held  outside  Gisborne  in  April  of  this  year  (1919) 
a  few  Maori  patterns  were  learnt  by  the  writer  of  this  paper,  and  it  is  as 
an  introduction  to  these  that  the  foregoing  notes  have  been  put  together, 
Mr.  Elsdon  Best  supplying  the  whole  of  the  Maori  material.  It  may  be  noted 
that  comparatively  few  of  the  Maoris  were  able  to  give  any  information 
about  the  games,  and  very  few  were  able  to  make  the  figures.  Only  one 
was  learnt  from  the  children  ;  the  others  were  learnt  from  grown  men  ; 
and  it  was  remarkable  that,  as  the  days  went  on,  more  and  more  were  called 
to  mind,  as  though  ordinarily  the  games  were  quite  disregarded.  They 
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made  several  figures  of  which  they  did  not  know  the  names,  and  some, 
such  as  carved  doorways,  were  very  beautiful.  A  fine  figure  was  the  repre¬ 
sentation  of  a  double  canoe  ;  this  required  two  persons  for  its  completion. 

It  must  be  noted  that  it  is  impossible  to  say  whether  the  figures  now 
recorded  are  genuine  Maori  patterns,  or  whether  they  have  been  introduced 
from  elsewhere  by  early  Europeans  or  others.  Figures  that  do  not  occur 
elsewhere  are  possibly  true  Maori,  as  also  are  figures  whose  resulting  pattern 
is  the  same  but  whose  working-out  is  different. 

In  the  descriptions  of  the  following  figures  the  simple  nomenclature 
of  Mrs.  Jayne  has  been  followed  in  preference  to  the  scientific  nomen¬ 
clature  of  Drs.  Haddon  and  Rivers. 

The  string  used  should  be  about  6  ft.  long,  or  a  little  more,  the  ends 
being  spliced  to  form  the  loop,  or  tightly  sewn  so  as  to  make  a  smooth  join. 


Fig.  1. — Position  1. 


Most  of  the  movements  start  with  the  string  laid  across  the  palm  and 
caught  behind  the  thumb  and  little  finger  of  each  hand.  This  is  known 
as  position  1.  (Fig.  I.)  The  string  across  the  palm  is  the  palmar  string,  the 
long  string  running  across  from  thumb  to  thumb  is  the  near  thumb  string, 
the  one  running  from  little  finger  to  little  finger  is  the  far  little-finger  string. 


Fig.  2. — Opening  A. 


The  most  usual  opening  is  made  by  inserting  the  right  unbent  fore¬ 
finger,  or  index,  under  the  left  palmar  string  and  drawing  out  the  loop. 
The  left  unbent  index  is  then  inserted  under  the  right  palmar  stiing,  which 
is  also  drawn  out  in  a  loop  that  extends  between  the  strings  of  the  loop  held 
on  the  right  index.  Draw  all  strings  taut,  and  they  are  in  the  position 
known  as  Opening  A.  (Fig.  2.)^ 
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In  Opening  A  there,  is  a  loop  on  each  thumb,  and  these  are  therefore 
known  as  the  thumb  loops.  Each  loop  has  a  near  string  and  a  far  string, 
and  for  the  purpose  of  nomenclature  the  thumb  side  of  the  hand  is  the  near 
side,  the  little-finger  side  the  far  side.  There  is  a  loop  on  each  index,  and 
these  are  known  as  the  index  loops.  Each  of  these  loops  likewise  has  a  near 
string  and  a  far  string.  Finally,  there  is  a  loop  on  each  little  finger,  and 
these  are  known  as  the  little-finger  loops,  each  having  a  near  string  and  a 
far  string.  In  speaking  of  the  loops  on  the  left  hand  in  Opening  A,  they  are, 
in  order  from  the  near  side,  the  left-thumb  loop,  the  left-index  loop,  and 
the  left-little-finger  loop.  Their  strings,  again,  in  order  from  the  near  side, 
are  the  near  left-thumb  string,  the  far  left-thumb  string,  the  near  left-index 
string,  the  far  left-index  string,  the  near  left-little-finger  string,  and  the 
far  left-little-finger  string.  The  loops  and  strings  of  the  right  hand  are 
referred  to,  in  the  same  way,  as  the  right-thumb  loop,  the  near  right-thumb 
string,  and  so  on. 

In  picking  up  strings  of  the  fingers,  a  loop  is  entered  from  above  or 
below.  “  Above  ”  simply  means  towards  the  tips  of  the  fingers,  “  below  ” 
towards  the  roots  ;  so  that  entering  a  loop  from  above  means  entering 
from  the  side  nearer  the  tips  of  the  fingers,  and  entering  from  below  means 
entering  from  the  side  nearer  the  roots  of  the  fingers. 

So,  again,  should  there  be  two  loops  on  any  finger,  the  upper  loop  is  the' 
one  nearer  the  tips  of  the  fingers,  the  lower  loop  the  one  nearer  the  roots 
of  the  fingers.  There  may  be  three  loops  on  one  finger,  when  one  will  be 
upper,  one  middle,  and  one  lower  ;  and  the  strings  will  be  the  upper  near 
left-index  string,  middle  near  left-index  string,  &c. 

There  are  many  complicated  movements,  but  most  may  be  described 
in  quite  simple  terms,  and  the  above  is  the  only  terminology  required  for 
most  of  the  patterns.  There  may  be  extra  loops  on  the  middle  and  ring 
fingers,  and  on  the  wrists,  but  their  names  are  at  once  understood,  and 
their  strings  follow  the  nomenclature  used  for  the  others.  There  may  also 
be  mouth  loops  or  toe  loops,  which  have  a  “  left  ”  and  “  right  ”  string 
instead  of  a  “  near  ”  and  “  far  ”  string. 

Unless  taken  apart  in  the  right  way,  many  of  the  figures  leave  the  loop 
in  a  troublesome  tangle.  There  are  usually  two  straight  strings  along  the 
top  and  bottom  of  the  finished  figure.  Take  these  two  strings  and  draw 
them  apart,  when  the  loop  will  come  out  clear. 

In  order  that  the  scientific  nomenclature  may  be  followed  should  it  be 
desired,  that  used  by  Drs.  Haddon  and  Rivers,  and  followed  by  Miss  Haddon, 
is  given  from  Miss  Haddon’s  book  :  “A  string  passing  over  a  digit  is  termed 
a  ‘loop.’  A  loop  consists  of  two  strings.  Anatomically,  anything  on 
the  thumb  side  of  the  hand  is  called  ‘  radial,’  and  anything  on  the  little- 
finger  side  is  called  ‘  ulnar  ’  :  each  loop,  therefore,  is  composed  of  a  radial 
and  ulnar  string.  By  employing  the  terms  ‘  thumb,’  ‘  index,’  ‘  middle 
finger,’  ‘  ring  finger,’  ‘  little  finger,’  and  ‘  right  ’  and  ‘  left,’  it  is  possible 
to  designate  any  one  of  the  twenty  strings  that  may  extend  between  the 
two  hands.  A  string  lying  across  the  front  of  the  hand  is  a  palmar  string, 
and  one  lying  across  the  back  of  the  hand  is  a  dorsal  string.  Sometimes 
there  are  two  loops  on  a  digit,  one  of  which  is  nearer  the  finger-tip  than  the 
other.  Anatomically,  that  which  is  nearer  to  the  point  of  attachment  is 
‘  proximal,’  that  which  is  nearer  the  free  end  is  ‘  distal.’  Thus,  of  two 
loops  on  a  digit,  the  one  which  is  nearer  the  hand  is  the  proximal  loop,  that 
which  is  nearer  the  tip  of  the  digit  is  the  distal  loop.  Similarly,  we  can 
speak  of  a  proximal  string  and  a  distal  string.” 
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Descriptions  of  the  Maori  figures  follow  : — 

Toemi. 

(A  toemi  is  a  net  the  mouth  of  which  is  made  to  draw  together  like  the 
mouth  of  a  bag.) 

Method. 

1.  Position  1. 

2.  Bend  the  index  fingers  and  insert  them  under  the  far  string,  and, 
taking  up  the  string  on  the  backs  of  the  fingers,  straighten  them  to  their 


Fig.  3. — Toemi.  After  movement  2. 


Fig.  4. — Toemi.  During  movement  3. 


Fig.  5. — Toemi.  After  movement  3. 


original  position.  (There  are  now  on  both  hands  a  lower  palmar  string 
lying  between  the  little  fingers  and  thumbs,  and  an  upper  palmar  string 
lying  between  the  little  fingers  and  index  fingers.) 
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3.  Bend  the  thumbs  over  the  far  string  and  insert  them  under  the  upper 
palmar  string  ;  raise  them,  taking  up  the  string  on  their  backs.  Turn 
the  palms  away  from  you,  bend  the  wrists  so  that  the  hands  bend  inwards 
towards  each  other,  the  thumbs  passing  between  the  near  and  far  strings. 
(Fig.  4.)  Allow  the  near  string  to  slip  over  the  tops  of  the  thumbs,  and  it 
will  be  caught  on  the  crossing  of  the  two  palmar  strings.  Baise  the  hands 
to  their  original  position.  (Fig.  5.) 

Working  of  the  toemi  :  Hold  the  strings  taut  (they  should  be  held  taut 
throughout  the  above  movements)  and  by  opening  and  closing  the  fingers 
and  thumbs  the  toemi  also  is  made  to  open  and  close. 

Moti,  or  Mouti. 

This  figure,  like  toemi,  is  produced  for  the  sake  of  the  movement  at  the 
close.  It  is  said  to  be  the  first  of  the  string  games  taught  to  the  beginner. 

Method. 

1.  Opening  A. 

2.  Insert  the  index  fingers  from  above  into  the  little-finger  loop  ;  put 
them  under  the  far  little -finger  string,  and  straighten  them  to  their  original 
position,  taking  up  on  their  backs  the  far  little-finger  string,  but  leaving 
the  loop  still  on  the  little  fingers. 

3.  Turn  the  palms  towards  you,  insert  the  index  fingers  into  the  thumb 
loop  from  above,  and,  taking  up  the  near  thumb  string  on  the  backs  of 
the  fingers,  straighten  them  to  their  original  position.  (This  leaves  the 
thumbs  free,  and  leaves  three  loops  on  the  forefingers  and  one  on  the 
little  fingers.)  (Fig.  6.) 


Fig.  6. — Mouti.  After  movement  3. 


4.  Put  the  thumbs  under  all  the  strings,  bend  the  index  fingers  till  the 
tips  of  the  index  fingers  and  thumbs  meet,  and  slip  the  loops  from  the  index 
fingers  to  the  thumbs.  Raise  the  hands  to  tfieir  original  position. 

5.  Turn  down  the  index  fingers  over  the  far  little -finger  string,  catch 
up  the  string  on  the  inside  of  the  first  joint  of  the  fingers  (fig.  7),  and  insert 
them  into  the  thumb  loop  from  above.  Straighten  the  index  fingers  to 
their  original  position,  letting  the  loops  slip  from  the  thumbs  as  the  index 
fingers  carry  them  away.  (There  are  now  a  double  loop  on  each  index 
finger  and  a  single  crossed  loop  on  each  little  finger  ) 
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6.  Insert  the  thumbs  into  the  little-finger  loops  from  below,  keeping 
them  close  to  the  little  fingers.  Join  the  tips  of  the  index  finger  and  thumb 
of  each  hand,  and,  keeping  them  joined,  turn  the  index  fingers  down  into 
the  little-finger  loop,  withdrawing  the  thumbs. 


Fig.  7. — -M'outi.  During  movement  5. 


7.  Turn  the  palms  upwards,  and  insert  the  thumb  from  below  into  the 
index  loop.  Release  the  loop  from  the  little  fingers,  spread  the  index  fingers 


Fig.  8. — Mouti.  After  movement  7. 


and  thumbs,  drawing  the  strings  taut.  (There  are  now  a  double  loop  on 
each  thumb  and  a  treble  loop  on  each  index,  the  string  of  the  third  loop 
crossing  in  zigzags  from  front  to  back  in  six  diagonal  lines.)  (Rig.  8.) 


Fig.  9. — Mouti.  After  movement  8. 


8.  Insert  the  little  fingers  into  the  central  V  from  below,  catch  the  short 
strings  on  the  inside  of  the  first  joint  of  those  fingers,  draw  them  apart, 
and,  keeping  the  strings  taut,  release  the  forefingers.  (There  are  now  a 
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double  loop  on  each  thumb  and  a  single  loop  on  each  little  finger,  the  near 
little-finger  string  passing  round  the  double  loop  on  the  thumbs  with  a 
sheep-shank  hitch  that  holds  those  loops  tight.)  (Fig.  9.) 

9.  Release  the  thumbs,  taking  care  to  hold  the  strings  taut,  and  it  will 
be  found  that  the  hitch  holds  the  double  loops  and  prevents  their  slipping. 

10.  Insert  the  right  thumb  from  above  into  the  little-finger  loop,  and 
withdraw  the  right  little  finger. 

11.  Insert  the  index,  middle,  and  ring  fingers  of  the  left  hand  into  the 
little-finger  loop,  so  that  all  four  fingers  are  there.  By  working  the  fingers, 
cause  the  string  holding  the  loops  to  slip  to  the  right.  (Fig.  10.)  The  right 
loop  represents  the  woman,  the  left  loop  the  man.  The  fleeing  woman 
approaches  the  thumb,  she  slips  over,  she  thinks  she  has  escaped — or  per- 
adventure  she  does  not,  for  presently  she  runs  into  the  arms  of  the  pursuing 
man,  and  there  is  no  escape. 


Fig.  10. — Mouti.  During  movement  11. 

This  flight  and  pursuit  is  the  object  of  the  figure,  and  its  action  causes 
never-failing  amusement.  Whilst  the  chase  is  in  progress  the  following 
ancient  verse  is  repeated  - 

Moti,  moti,  mol  haere,  moi  haere, 

Moti,  moti,  moi  haere,  moi  haere, 

Ana  kapeape  an  noa,  ka  raparapa  noa, 

Aue  !  Arara  ! 

Haere  ki  te  tihoihoi .  .  .  e. 

A.  '  '  ••  T  inert  ; 

Comparison. 

With  this  figure  may  be  compared  one  given  by  Mrs.  Jayne  (pp.  16 
et  seq.),  “  the  fighting  head-hunters  55  from  Murray  Island,  Torres  Straits, 
where  it  is  called  ares. 

1.  Opening  A. 

2.  Insert  the  little  fingers  from  above  into  the  thumb  loop,  and  pick 
up  on  their  backs  the  near  thumb  string.  Straighten  the  little  fingers, 
taking  the  thumb  loop  quite  off  the  thumbs. 

3.  Insert  the  thumbs  from  below  ihto  the  little-finger  loop,  and  bring 
back  with  them  under  all  the  other  strings  the  two  near  little-finger  strings. 
(This  is  most  easily  done  by  resting  the  two  strings  on  the  back  of  the 
second  joint  of  the  thumb,  bending  the  top  joint  as  the  strings  are  brought 
away.)  Straighten  the  thumbs,  and  release  the  loops  from  the  little  fingers. 
(There  are  now  two  loops  round  each  thumb,  and  a  loop  round  each  index  ) 
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•  4.  Bend  the  little  fingers  towards  you  over  the  index  loops,  insert  them 
from  below  into  the  thumb  loop,  straighten  them  to  their  original  position, 
taking  away  on  their  backs  the  two  far  thumb  strings.  (In  the  centre 
of  the  figure  there  is  now  a  small  triangle,  its  sides  formed  of  double 
strings.) 

5.  Insert  the  index  fingers  from  below  into  the  small  triangle,  pulling 
out  the  sides  on  the  backs  of  those  fingers.  Separate  the  hands.  (There 
are  now  a  double  loop  on  each  thumb  and  little  finger,  an  upper  double 
loop  and  a  lower  single  loop  on  each  index.) 

6.  Turn  the  right  palm  towards  you ;  bend  down  the  little,  ring,  and 
middle  fingers  over  all  the  strings  of  the  right  hand  so  that  their  tips  press 
the  palm.  This  is  to  hold  the  loops  securely  on  the  right  'hand  whilst  the 
right  thumb  and  forefinger  pick  up  the  lower  single  loop  on  the  left  index 
and  lift  it  up  over  the  double  loop,  allowing  it  to  drop  on  the  palmar  side 
of  the  index  whilst  the  double  loop  remains  on  the  index. 

7.  Straighten  the  fingers  of  the  right  hand  and  turn  the  palm  from 
you.  Now  turn  the  left  palm  towards  you  and  repeat  the  sixth  move¬ 
ment  with  the  left  hand. 

8.  Release  the  loops  from  the  thumbs,  and  draw  the  strings  taut. 

9.  Slip  the  loops  on  the  index  fingers  towards  their  tips,  and  twist  the 
loops  tightly  by  rotating  the  index  fingers  three  times  away  from  you. 

10.  Release  the  twisted  loops  from  the  index  fingers,  turn  the  palms 
towards  you,  when  the  loops  will  hang  down.  (In  the  Maori  figure  the 
two  loops  represent  a  man  and  a  woman  ;  here  they  represent  two  men — 
a  Murray  Island  and  a  Dauar  man.) 


Fig.  11. — Fighting  liead-lmnters  (ares). 


11.  By  drawing  the  hands  gently  apart,  at  the  same  time  working  the 
palms  towards  and  from  you,  the  two  men  approach  each  other.  Accord¬ 
ing  to  which  loop  is  pulled,  one  of  the  hanging  loops  comes  undone  and 
slips  through  the  other,  which  means  the  man  has  lost  his  head,  and  the 
other  goes  off  home  to  the  little  finger,  carrying  the  head  with  him.  The 
manipulator  is  always  able  to  make  his  favoured  man  victorious. 


(To  be  continued. ) 
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THE  GEOLOGICAL  FEATURES  OF  THE  BROKEN 

RIVER  COAL  AREA. 

By  R.  Speight,  M.A.,  M.Sc.,  F.G.S.,  F.N.Z.Inst.,  Curator  of  the 

Canterbury  Museum. 

.  T  -.  Contents. 

A.  Introductory. 

B.  Physiography. 

C.  Stratigraphy  : — 

1.  Maitai  Series. 

2.  Waipara  Series — 

(a.)  Descriptions  of  Sections  :  Alum  Creek,  Broken  River,  Winding  Creek, 
Iron  Creek. 

(b.)  Structure  of  the  Coal-measures. 

(c.)  Quality  and  Quantity  of  the  Coal ;  Conditions  of  Deposit. 

(d.)  Volcanic  Rocks. 

( e .)  General  Relations  to  Neighbouring  Areas. 

3.  Sloven’s  Creek  Beds. 

A.  INTRODUCTORY. 

The  Broken  River  coal  area,  which  has  recently  been  opened  up  com¬ 
mercially  as  a  source  of  household  and  steam  coal,  presents  certain  geological 
features  which  are  worthy  of  record  ;  and  all  the  more  is  this  the  case  since 
opportunities  for  careful  examination  are  afforded  while  working  is  actually 
going  on,  which  will  not  occur  when  the  region  has  been  exhausted  of  coal. 
The  area  lies  in  the  heart  of  the  mountain  region  of  Canterbury,  about  four 
miles  from  the  Avoca  Station,  on  the  Midland  Railway,  and  is  distant  about 
sixty  miles  from  Christchurch.  Access  to  the  field  is  obtained  from  the 
Avoca  ^Station  by  a  short  line  of  railway,  as  well  as  by  a  foot  and  pack 
track.  Both  these  routes  climb  up  the  steep  terrace  out  of  Sloven’s  Creek, 
and  follow  along  it  for  about  a  mile,  and  then  descend  into  the  gorge  of 
Broken  River  and  follow  it  to  the  vicinity  of  the  mine. 

B.  PHYSIOGRAPHY. 

(See  Figs.  1  and  2.) 

The  area  under  consideration  forms  part  of  one  of  the  intermontane 
basins  of  the  Canterbury  alpine  region  (Speight,  1915,  p.  341),  which  owe 
their  dominant  features  to  structural  causes.  The  height  of  the  floor  of  the 
mid- W aimakariri  basin,  in  which  the  area  is  situated,  varies  between  1,600  ft. 
and  2,500  ft.,  but  from  this  floor  isolated  peaks  and  ranges  rise  to  nearly 
5,000  ft.,  whereas  the  ring  of  mountains  which  borders  it  reaches  to  just  over 
7,000  ft.,  and  long  stretches  are  over  6,000  ft.  The  form  of  the  basin  was 
modified  considerably  by  glacier-action,  and  numerous  extensive  deposits 
of  moraine  occur  ;  those  within  the  boundaries  of  the  coal  area  are,  how¬ 
ever,  of  somewhat  limited  extent,  the  evidence'  for  glaciation  being  chiefly 
the  presence  of  abraded  surfaces  and  general  landscape  forms.  Immediately 
to  the  south  and  east  of  the  area  one  of  these  abraded  surfaces  forms  a 
distinct  shelf  or  terrace  which  has  been  deeply  dissected,  but  the  remnants 
are  sufficiently  extensive  to  give  a  clear  indication  that  it  once  formed 
part  of  the  floor  of  the  basin  as  it  was  left  on  the  retreat  of  the  ice. 
Remnants  of  the  outwash  of  the  rivers  issuing  from  the  glacier-fronts  as 
they  retreated  separately  up  the  valleys  as  the  ice  epoch  was  passing  away 
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are  to  be  seen  in  many  places,  frequently  at  high  levels,  and  also  the 
remains  of  the  fans  of  streams  whose  lower  surfaces  repose  on  the  modified 
floor  of  the  old  basin.  As  the  post-glacial  streams  incised  their  channels 
they  also  left  remnants  of  terraces  far  above  the  present  water-level,  some 
of  which  are  remarkably  accordant  with  each  other.  The  present  character 
of  the  drainage  points  to  recent  rejuvenation,  which  is  evidently  in  sympathy 
with  that  exhibited  by  the  main  rivers  of  the  province  as  they  issue  from 
the  mountain  region. 


Fig.  1. — Map  of  Broken  Riverpiistrict. 

• 

The  most  important  physiographical  feature  of  the  Broken  River  coal 
area  is  the  river  which  gives  it  its  name.  This  runs  in  a  general  west-to- 
east  direction  along  the  northern  flank  of  the  Torlesse  Range  to  join  the 
Waimakariri  just  above  its  gorge.  The  bed  is  deeply  incised,  and  its  banks 
rise  steeply  almost  everywhere  to  heights  of  from  200  ft.  to  500  ft.  above 
water-level.  The  breadth  of  the  flood-plain  is  usually  narrow,  little  more 
than  the  breadth  of  the  stream  itself,  and  it  only  widens  out  where  the 
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presence  of  soft  strata  allows  of  lateral  corrasion.  It  receives  on  the  north 
side  two  important  tributaries  : — 

(1.)  Sloven  s  Creek,  up  which  the  railway  passes  when  it  leaves  Broken 
River.  The  stream  has  a  length  of  some  ten  or  twelve  miles.  It  rises 
near  St.  Bernard  Saddle,  and  for  the  first  part  of  its  course  flows  in  a  shallow 
swampy  bed  through  glaciated  country,  and  afterwards  cuts  a  somewhat 
deep  though  open  channel,  which  gets  deeper  and  deeper  as  it  nears  Broken 
River,  so  that  it  enters  the  main  stream  at  grade. 

(2.)  Winding  Creek,  which  rises  in  Lake  Pearson,  and  then  flows  m  a 
valley  somewhat  similar  to  that  of  Sloven’s  Creek,  entering  the  main 
stream  just  at  the  western  edge  of  the  area  under  consideration.  The 


I*  ^  i 

Fig.  2. — Map  of  the  Broken  River  coal  area. 

upper  part  flows  through  the  drained  floor  of  a  once  more  widely  extended 
Lake  Pearson,  and  exhibits  the  most  beautiful  spiral  meanders  that  I  have 
over  seen. 

Both  these  streams  have  a  S.E.-N.W.  orientation,  and  their  valleys 
were  no  doubt  determined  initially  by  deformation  of  the  strata,  either 
of  faulting  or  folding  on  general  S.E.— N.W.  lines  (Speight,  1916,  p.  143). 

On  the  south  side  of  Broken  River  the  principal  tributary  is  Iron  Creek, 
which  rises  in  Mount  Torlesse,  runs  almost  due  north,  and  enters  Broken 
River  through  a  short,  deep,  but  easily  traversable  gorge  with  banks  rising 
steeply  on  either  side  to  nearly  200  ft.  Although  in  the  past  this  stream 
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has  actively  eroded  its  bed,  at  the  present  time  it  is  aggrading  its  lower 
course,  and  this  enables  the  gorge  to  be  passed  with  ease.  The  filling  of 
the  channel  of  this  stream  with  a  load  of  debris  is  a  good  illustration  of  a 
process  which  is  very  evident  in  many  parts  of  the  mountain  region  of 
Canterbury — viz.,  the  aggradation  of  the  channels  of  the  rivers  with  an 
overload  of  waste.  Good  illustrations  can  be  seen  in  the  bed  of  the 
Percival  River  in  the  Hanmer  region,  in  the  upper  course  of  the  Thomas 
River  in  the  Castle  Hill  region,  and  in  Forest  Creek  in  the  Rangitata  region. 
This  suggests  that  we  are  approaching  a  period  when  the  rivers  will  be 
more  heavily  charged  with  waste,  if  indeed  this  period  has  not  already 
commenced,  and  the  more  rapid  silting-up  of  their  lower  courses  becomes 
more  probable,  so  that  dangers  are  threatened  to  the  low-lying  land  on 
the  coastal  margin.  This  unfortunate  effect  is  usually  attributed  to  the 
destruction  of  forest  and  other  plant  covering  of  the  mountain  region  by 
human  agencies,  but  it  is  probable  that  this  is  only  one  of  the  causes 
promoting  alteration  in  the  behaviour  of  the  streams,  and  that  the 
aggradation  depends  primarily  on  some  secular  change  of  wider  incidence. 

Other  small  yet  active  torrents  of  more  recent  origin  have  cut  gorge¬ 
like  channels,  which  become  specially  deep  where  they  enter  the  river,  the 
most  noteworthy  being  Alum  Creek  and  Bushy  Creek,  which  join  the  main 
river  from  the  south  on  the  eastern  border  of  the  area,  and  Rocky  Creek, 
which  runs  along  the  northern  boundary  for  some  distance  and  then  turns 
to  the  south  and  enters  Broken  River  through  a  precipitous  gorge  just 
opposite  the  inflow  of  Alum  Creek. 

An  important  scenic  feature  of  the  area  is  a  bold  sandstone  bluff  which 
rises  sheer  in  places,  nearly  500  ft.  above  the  river.  Although  this  adds 
considerably  to  the  interest  in  the  landscape,  both  the  precipitous  nature 
of  the  cliff  and  the  proximity  of  the  river  render  it  almost  impossible  to 
make  a  close  examination  of  a  most  important  geological  feature  of  the 
region. 

C.  STRATIGRAPHY. 

(See  Fig.  2.) 

1.  Maitai  Series. 

This  forms  the  basement  on  which  the  coal-measures  rest.  It  consists 
of  typical  greywackes,  sometimes  highly  feldspathic  and  liable  to  rapid 
decomposition,  but  usually  siliceous  and  resistant  to  weathering-agents. 
Sometimes  they  are  dark  and  slaty  in  structure.  Near  the  mouth  of  the 
gorge  below  the  area  there  is  a  mass  of  jasperoid  slate,  reddish  in  tinge, 
and  associated  with  it  a  green  cherty  rock.  Other  occurrences  of  the  red 
rock  are  in  Sloven’s  Creek  and  near  the  mouth  of  Alum  Creek  on  Broken 
River.  The  average  direction  of  the  strike  is  about  north-north-east,  but 
frequently  it  is  north-east,  and  again  at  times  in  beds  in  close  proximity 
the  strike  changes  to  west  of  north.  On  the  saddle  between  Alum  Creek 
and  Bushy  Creek  it  is  west-north-west,  with  a  south-south-west  dip  of  55°. 
Under  the  coal-measures  at  Alum  Creek,  and  in  its  vicinity,  the  strike  is 
north  and  the  beds  are  vertical.  This  high  angle  of  dip  is  general,  and 
in  places  the  beds  are  much  crushed  and  with  slickensided  surfaces.  As 
far  as  could  be  ascertained  the  general  direction  of  the  faults  causing  this 
crushing  is  about  north-north-east — that  is,  parallel  to  the  strike.  At  the 
mouth  of  Sloven’s  Creek  the  strike  is  north-east  and  the  dip  vertical. 

Although  the  beds  were  diligently  searched  no  trace  of  the  Mount 
Torlesse  annelid  ( Torlessia  mackayi )  or  other  organism  was  found,  even  in 
beds  whose  general  lithological  character  resembles  that  in  which  such 
fossils  are  found  elsewhere. 
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2.  Waipara  Series. 

I  have  used  this  term  in  the  sense  in  which  it  is  employed  by  Marshall 
{Trans.  N.Z.  Inst.,  vol.  51,  p.  250,  1919),  which  is  almost  the  same  as  that 
in  which  it  was  employed  originally  by  Haast  and  Hutton  ;  it  is  still  a 
most  useful  term  when  discussing  Canterbury  stratigraphy. 

The  beds  here  referred  to  include  the  coal-bearing  and  associated  beds 
belonging  to  the  area.  These  lie  across  the  edges  of  the  greywackes,  the 
contact  exhibiting  no  marked  peculiarities  except  that  the  upper  surface 
of  the  greywacke  had  been  deeply  weathered  before  the  covering  beds  were 


Fig.  3. — Cliff  facing  Broken  River  just  above  Alum  Creek.  The  beds  just  above  the 


stream  are  greywacke.  Over  them  lie  uneonformably  the  lower  members 
of  the  coal-bearing  series,  showing  regular  stratification,  and  then  those 
whose  stratification  is  irregular.  This  is  clearly  visible  under  the  bush-line 
in  the  top  centre  of  the  picture,  where  the  variability  in  the  direction  of 
the  coal-seams  is  very  marked.  The  top  of  the  high  sandstone  bluff  is  just 
visible  in  the  distance  under  a  fringe  of  bush.  [Photo,  B.  Speight. 

deposited.  The  main  folding  movements  which  had  affected  the  Maitai  series 
had  ceased  before  the  deposit  of  the  later  beds,  although  minor  movements 
of  like  nature  no  doubt  recommenced  after  the  close  of  the  later  period  of 
deposition.  The  folding,  therefore,  of  the  coal-measures  is  rarely  acute, 
and  over  a  large  part  of  the  area  the  deformation  is  slight.  The  conditions 
point  to  the  fact  that  the  upper  beds  were  laid  down  on  a  fairly  flat  surface, 
as  in  nearly  every  case  the  lower  strata  are  so  inclined  as  to  be  approximately 
parallel  to  the  eroded  surface  of  the  underlying  greywacke,  however  steep 
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the  angle  of  inclination  of  the  beds  now  is.  This  surface  of  deposition 
was  in  all  probability  the  peneplain  which  remained  after  the  Maitai  beds 
were  folded,  raised,  and  eroded,  and  which  has  formed  the  basement  on 
which  the  Oamaru  series  has  been  laid  down  over  a  considerable  area  in 
the  southern  and  central  portions  of  New  Zealand. 

In  their  lower  levels  the  beds  consist  of  sands,  sandy  clays,  and  fireclays, 
associated  with  seams  of  brown  coal ;  but  above  the  coal-bearing  horizon 
the  amount  of  sand  increases  till  it  becomes  the  only  constituent  of  the 
beds  and  is  cemented  into  a  true  sandstone,  typically  developed  in  the  bluff 


Fig.  4. — Slip  west  of  Alum  Creek,  showing  coal-beds  with  interstratified  sands  and 
fireclays.  The  seams  which  are  being  worked  are  lower  down,  below  the 
base  of  the  picture.  [Photo,  R.  Speight. 

facing  Broken  River.  The  series  is  closed  with  greensands,  which  are  well 
developed  in  Iron  Creek  but  show  nowhere  in  the  sections  on  the  main 
stream. 

The  clearest  idea  of  the  relationship  of  the  beds  can  be  obtained  from 
the  study  of  the  exposures  in  the  vicinity  of  Alum  Creek,  and  therefore 
these  will  be  described  first,  and  other  localities  will  be  taken  in  order. 

(a.)  Descriptions  of  Sections. 

Alum  Creek  and  Bushy  Creek  (figs.  3  and  4). — The  lowest  beds  of  the 
series  are  well  displayed  on  the  face  of  the  bluff  just  above  the  inflow  of 
Alum  Creek,  but  they  are  quite  inaccessible,  so  that  a  close  examination 
cannot  be  made  of  them.  The  following  beds  are,  however,  clearly 
exposed  : — - 

(1.)  Grevwacke,  much  weathered. 

(2.)  Sands  and  sandy  clays  with  thin  layers  of  coal;  in  the  lower  part 
regularly  bedded,  but  in  the  higher  part  with  irregular  bedding, 
the  coal-seams  lying  at  varying  angles.  The  strike  is  north-west, 
and  the  dip  south-west,  but  some  beds  dip  south-east  without 
disturbing  the  general  stratigraphical  arrangement. 
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Above  this  level  the  face  is  obscured  by  both  bush  and  talus  material, 
so  that  the  sequence  can  better  be  continued  from  the  section  in  close 
proximity  to  it  in  Alum  Creek. 

On  following  up  the  course  of  Alum  Creek  one  encounters  greywacke 
for  about  5  chains  and  then  the  coal-measures.  These  form  the  slopes 
on  both  sides  of  the  creek,  but  the  clearest  exposure  is  obtainable  in  the 
slip  that  forms  its  western  side  (fig.  4),  the  eastern  side  being  somewhat 
obscured  by  surface  creep  and  by  loose  material.  Starting  from  the  mouth 
of  the  main  drive  in  the  bed  of  the  creek,  the  following  sequence  occurs 
as  the  outcrops  are  followed  up  the  slip,  the  thicknesses  given  being  only 
approximate  : — 

1.  Coal,  9  ft.,  striking  north  and  dipping  west  75°. 

2.  Sandy  clays  and  impure  lignite,  75  ft. 

3.  Sands,  40  ft. 

4.  Coal  and  shale,  12  ft.,  striking  N.  15°  E.,  dipping  west  75°. 

5.  Sands,  sandy  clays,  with  numerous  small  seams  of  shale  and  lignite, 

80  ft. 

6.  Impure  lignite,  8  ft.,  striking  N.  15°  E.,  dipping  west  35°-40°. 

7.  Sands,  sandy  clays,  and  fireclays,  75  ft. 

8.  Impure  lignite  and  shale,  12  ft. 

9.  White  sands  and  sandy  clays,  40  ft. 

10.  Impure  sandy  lignite,  12  ft. 

11.  Sands  and  sandy  clays,  25  ft. 

12.  Impure  lignite,  striking  N.  25°  E.,  dipping  west  45°* 

13.  Sand  and  sandy  shale,  50  ft. 

14.  Impure  lignite,  1  ft. 

15.  Sands,  sandy  clays,  and  fireclay ,  35  ft. 

16.  Sands  and  impure  sandy  shales,  150  ft.,  striking  north-west,  dipping 

south-west  20°. 

17.  Sands  and  sandstone,  500  ft.  (estimated),  dipping  south-west  35°. 

These  beds  are  capped  unconformably  by  terrace  gravels,  while  on  the 

south  side  of  the  belt  of  bush  which  fringes  the  cliff  morainic  heaps  also 
occur. 

On  the  eastern  side  of  Alum  Creek  the  exposures  are  not  clear,  but  it  is 
evident  that  the  strata  are  much  disturbed.  Bed  No.  1  in  the  series  just 
given  is  bent  over  into  an  anticline  whose  axis  lies  in  the  bed  of  the  creek, 
but  there  is  a  reversal  of  dip,  and  a  small  syncline  flanks  the  anticline  on 
the  east.  When  followed  north  in  the  mine  the  steep  dip  of  this  bed  flattens 
out,  and  the  seam  almost  joins  with  that  numbered  4,  and  when  traced  a 
little  farther  it  disappears,  which  is  also  the  case  as  it  is  traced  south  for 
about  5  chains.  The  sudden  terminations  in  both  cases  cannot  be  attri¬ 
buted  to  faulting,  but  to  the  fact  that  the  coal  was  not  deposited,  or,  if  so, 
it  was  cut  out  before  the  succeeding  beds  were  laid  down.  This  irregularity 
is  also  exemplified  by  a  large  seam  on  the  eastern  slope  of  Alum  Creek, 
some  12  ft.  thick  where  exposed  on  the  surface,  which  does  not  appear  at  all 
in  a  drive  at  a  depth  of  35  ft.  below  the  surface.  This  emphasizes  the  marked 
irregularity  of  the  beds,  a  fact  which  is  noticeable  in  all  parts  of  the  coal¬ 
bearing  area. 

This  feature  is  displayed  in  the  drives  put  in  on  the  west  side  of  Alum 
Creek.  The  case  of  bed  marked  No.  1  has  been  referred  to,  but  the  case 
of  No.  4  is  also  important.  When  followed  north,  then  west  and  south 
along  the  levels  of  the  mine,  the  strike  of  the  seam  is  found  to  swing 
round  till  the  dip  is  to  the  east  at  a  point  about  3  chains  south¬ 
west  of  where  the  seam  has  been  cut  in  the  main  drive.  As  the  seam 
swings  round  in  its  farthest  northward  extension  it  thins  out  so  as 
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to  be  hardly  workable.  However,  it  is  apparently  commencing  to  dip 
to  the  south-west  in  the  farthest  workings  that  I  examined — that  is,  it 
is  resuming  the  general  dip  of  the  beds  in  this  locality.  It  is  evident 
that  in  proximity  to  the  main  drive  this  seam  takes  the  form  of  an  acute 
syncline,  of  which  there  is  not  the  slightest  trace  on  the  surface  where  the 
beds  are  exposed.  The  synclinal  arrangement  I  attribute,  therefore,  to 
the  conditions  of  deposit  and  not  to  subsequent  deformation.  There  is 
one  decided  fault  to  be  observed  in  this  part  of  the  area,  which  has  caused 
a  movement  of  the  southern  part  of  the  beds  towards  the  west,  the  move¬ 
ment  having  the  nature  of  a  lateral  displacement  rather  than  that  of  an 
ordinary  fault.  This  is  no  doubt  connected  with  the  deformation  of  the 
beds,  which  succeeded  their  deposition,  and  is  quite  distinct  from  the  dis¬ 
turbances  which  were  due  to  mode  of  deposit. 

On  tracing  the  beds  in  a  southerly  direction — that  is,  towards  the  upper 
portion  of  Alum  Creek  and  the  saddle  between  it  and  Bushy  Creek — they 
all  appear  to  thin  out,  and  some  of  the  coal-beds  entirely  disappear,  so 
that  the  total  thickness  of  the  beds  in  the  neighbourhood  of  the  saddle  is 
reduced  to  less  than  one- third  of  that  which  they  have  in  the  vicinity  of 
the  drive.  They  also  become  much  steeper  in  dip,  so  that  approaching  the 
saddle  the  dips  are  between  75°  and  90°.  The  large  seam,  however,  which 
was  mentioned  as  occurring  on  the  eastern  slope  of  Alum  Creek  continues 
through,  and  can  be  traced  for  nearly  half  a  mile  to  the  south  in  a  western 
branch  of  Bushy  Creek.  On  the  saddle  the  greywacke  is  exposed,  and  the 
coal-measures  strike  N.  20°  W.  ;  but  a  little  farther  along  the  direction 
is  more  to  the  north-west,  with  a  dip  of  45°  to  the  south-west.  The  beds 
consist  of  sands,  sandy  clays,  and  fireclays  with  thin  seams  of  impure  coal. 
There  are  two  seams  of  workable  thickness,  the  lower  one  being  5  ft.  thick. 
The  total  thickness  of  the  coal-bearing  beds  is  about  60  ft.,  and  they  are 
overlain  by  white  sands,  and  capped  unconformably  with  gravels. 

On  the  west  side  of  Bushy  Creek  the  beds  first  of  all  strike  north  and  dip 
to  the  west  at  high  angles,  about  75° ;  but  when  followed  farther  south 
across  a  small  tributary  coming  in  on  the  west  the  strike  gradually  swings 
round  to  north-east,  and  the  beds  dip  south-east  45°  and  are  apparently  over¬ 
turned.  This  feature  is  clearly  visible  in  the  high  sandstone  bluff  of  the  south 
side  of  the  tributary,  where  the  swinging-round  and  overturning  of  the 
beds  are  most  marked.  The  disturbance  is  in  all  probability  due  to  some 
major  faulting  movement  which  has  affected  the  northern  flank  of  Mount 
Torlesse,  of  which  there  is  evidence  in  Iron  Creek,  as  will  be  noted  directly. 
This  movement  is  perhaps  partially  responsible  for  the  formation  of  the 
depressed  area  now  constituting  the  Waimakariri  intermontane  basin. 

The  higher  beds  occurring  in  Bushy  Creek  consist  of  sands  which  are 
slightly  glauconitic  in  character,  but  the  true  greensands  are  not  developed 
here,  although  they  may  occur  under  the  covering  of  bush  which  mantles 
the  slopes  to  the  west  and  south  of  the  creek. 

A  study  of  the  beds  as  they  occur  in  Alum  Creek  gives  a  tolerably  correct 
idea  of  the  conditions  under  which  the  coal-measures  were  laid  down.  The 
fairly  regular  stratification  of  the  lowest  strata,  followed  by  the  irregularity 
of  the  middle  beds,  and  the  regularity  of  the  stratification  of  the  top  beds, 
are  just  those  features  which  would  be  met  with  in  an  estuarine  deposit. 
The  first  series  would  constitute  the  bottom-set  beds,  the  second  the  fore-set 
beds ;  but  the  last  would  hardly  correspond  to  what  are  usually  called  the 
top-set  beds,  seeing  that  they  must  have  been  laid  down  in  deeper  water 
and  with  regular  stratification.  The  passage  of  the  upper  beds  into  a  green¬ 
sand  certainly  indicated  deeper-water  conditions.  However,  the  two  lower 
series  exactly  correspond  to  deltaic  deposits.  Thus  we  can  explain  the 
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parallelism  of  the  lowest  beds  to  the  greywacke  surface,  the  marked  irre¬ 
gularity  in  the  direction,  thickness,  and  character  of  the  coal-seams  of  the 
middle  series,  and  especially  their  cutting  out  suddenly  and  the  replacement 
of  the  carbonaceous  matter  by  sand  or  clay.  These  characters  are  exhibited 
also  in  other  parts  of  the  area.  It  would  seem,  therefore,  that  the  most 
satisfactory  explanation  of  the  formation  of  the  coal-measures  is  that  they 
were  deposited  by  a  stream  or  streams  flowing  into  the  area  from  the  north 
or  north-east,  and  that  the  sea-bottom  was  gradually  depressed  till  fairly- 
deep-water  conditions  extended  over  the  area. 

This  working  hypothesis  may  be  of  value  in  considering  the  other  parts 
of  the  area. 


Fig.  5. — Coal-beds  on  north  side  of  Broken  River,  where  they  were  worked  originally. 

The  seam,  with  evidence  of  working,  cut  out  at  a  distance  of  about  3  chains 
from  the  face.  [Photo,  R.  Speight. 

Broken  River  (fig.  5). — For  some  distance  up-stream  above  the  inflow  of 
Alum  Creek  the  slopes  are  covered  with  scrub  and  slip  material,  so  that 
their  stratigraphy  cannot  be  made  out  exactly.  There  is  no  doubt,  how¬ 
ever,  that  a  considerable  amount  of  material  belonging  to  the  horizon  most 
prolific  in  coal  has  been  removed  by  the  erosive  action  of  Broken  River,  so 
that  the  next  locality,  going  up-stream,  where  coal  of  marketable  value 
occurs  lies  about  30  chains  west  of  Alum  Creek  and  on  the  north  side  of  the 
river. 

Here  a  series  of  sands,  sandy  clays,  and  fireclays  with  coal  is  exposed  in 
the  face  of  a  cliff.  The  first  mining  operations  were  commenced  here  owing 
to  a  belief  that  the  measures  were  less  disturbed  than  on  the  south  side  of 
the  river,  and  a  main  drive  was  put  in  for  a  distance  of  10  chains  just  above 
the  level  of  the  river-bed  and  running  N.  30°  W.,  the  strike  of  the  measures 
being  west-north-west.  Additional  drives,  which  were  ultimately  con¬ 
nected  with  the  main  drive,  were  put  in  from  the  face  on  the  same  seam. 
The  chief  seam  here  was  about  7  ft.  thick  on  the  face  of  the  cliff,  with 
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several  feet  of  carbonaceous  shale  alongside  it,  and  fireclays  above  and 
below,  the  upper  layer  of  good  quality  and  the  lower  layer  somewhat  too 
siliceous  for  a  good  fireclay.  Associated  with  the  main  seam  were  several 
others  of  lignite,  but  too  impure  to  be  worth  working.  The  dip  of  the 
beds  is  at  an  angle  of  about  18°,  but  when  traced  to  the  rise  they  flatten 
out,  and  the  same  applies  in  all  probability  to  the  dip.  At  the  time  of  my 
last  visit  a  fault  had  been  met  with  in  dip  drives  made  from  the  main  level. 
Its  direction  runs  north-west  and  south-east,  with  a  downthrow  to  the 
south-west  of  about  8  ft. 

The  most  unsatisfactory  feature  of  the  coal-seam  is  its  thinning-out 
to  less  than  1  ft.  when  followed  in  the  direction  of  the  strike,  and  also 
completely  cutting  out  when  followed  to  the  rise.  Owing  to  the  absence 
of  prospecting  ahead  of  development,  there  appeared  to  be  no  certainty 
of  the  chances  of  the  mine  at  this  spot,  and  the  operations  here  were 
abandoned  temporarily,  and  transferred  to  Alum  Creek,  where  coal  could 
be  more  readily  won,  the  intention  being  to  return  to  the  scene  of  earlier 
operations  when  prospecting  had  been  carried  out.  The  dip  drives  at 
present  being  opened  are  being  made  with  this  object. 

As  far  as  can  be  seen,  the  reason  for  the  apparent  petering-out  of  the 
seams  is  that  in  this  part  of  the  area  they  have  never  been  deposited.  In 
one  case  there  is  distinct  evidence  of  a  washout  during  deposition.  These 
irregularities  are  certainly  due  to  the  conditions  of  deposit,  and  might  be 
expected  in  the  case  of  coal  formed  from  drift  material  in  an  estuarine 
deposit. 

From  the  high  face  where  the  beds  are  exposed  in  the  vicinity  of  these 
workings  the  measures  run  down  towards  Broken  Biver.  Here  the  sands 
higher  in  the  series  are  strongly  current-bedded,  greenish-grey  in  colour, 
with  fragments  of  coaly  substance  all  through.  On  the  opposite  side  of 
the  river  there  are  also  similar  beds,  passing  up  into  the  brownish  sand¬ 
stone  which  forms  the  bold  bluff,  400  ft.  in  height,  facing  the  river  on  the 
south.  A  small  fault  occurs  in  this  locality,  close  to  the  site  of  an  old 
borehole  on  the  south  side  of  the  river.  This  has  a  north-west  and  south¬ 
east  direction,  with  a  downthrow  of  7  ft.  or  8  ft.  to  the  north-east.  This 
fault  probably  passes  under  the  river  and  cuts  the  beds  occurring  on  the 
point  on  the  northern  bank,  for  a  fault  also  occurs  there  in  the  same  line,  with 
the  same  direction  and  amount  of  throw.  There  is  some  indication  of 
faulting  farther  up-stream,  near  the  mouth  of  Iron  Creek,  for  the  dip  of 
the  sandstones  gets  suddenly  steeper,  as  if  a  block  had  been  displaced  and 
tilted  on  the  lip  of  the  syncline  which  is  developed  up  Iron  Creek,  to  be 
described  later. 

Farther  up  Broken  Biver  the  dip  changes  gradually  round  to  the  south¬ 
east  in  accordance  with  the  rise  of  the  greywacke  floor  near  the  western 
side  of  the  basin.  Just  below  the  inflow  of  Winding  Creek,  on  the  south 
bank  of  the  river,  are  impure  shaly  beds,  passing  up  into  sands  and  sand¬ 
stone,  the  former  current-bedded.  The  strike  is  N.  80°  E.  and  the  dip 
to  the  south  ;  they  also  exhibit  a  number  of  small  faults.  Farther  up¬ 
stream  the  beds  swing  round  till  the  strike  is  N.  35°  E.,  and  consist  of  grey 
sands  and  sandy  clays  with  lignite.  One  seam  is  about  4  ft.  thick  as  seen 
on  the  bank  ;  it  was  formerly  exposed  for  some  distance  in  the  bed  of 
Broken  Biver,  but  is  now  covered  up  with  gravel. 

The  lower  members  of  the  series  no  doubt  occur  in  the  high  terrace 
of  the  river  to  the  east  of  Winding  Creek,  but  they  are  obscured  by  slip 
material  and  gravel.  For  some  distance  there  are  no  exposures  whatso¬ 
ever,  but  the  presence  of  coal-outcrops  in  the  upper  part  of  Bocky  Creek, 
on  the  extreme  north  of  the  area,  encourages  the  hope  that  the  seams  may 
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live  through  the  terrace.  They  lie  right  down  on  the  greywacke,  and 
have  an  east-and-west  strike,  and  a  dip  to  the  south  at  moderate  angles. 
They  also  lie  approximately  parallel  to  the  greywacke  surface,  and  in  all 
probability  the  long  gentle  slope  which  extends  from  this  point  up  to  the 
summit  of  No  Man’s  Land  can  be  regarded  as  a  stripped  surface  analogous 
to  those  in  the  neighbourhood  of  Waihao,  in  South  Canterbury,  described 
by  Thomson. 

Winding  Creek. — On  the  north  side  of  Broken  Biver,  above  the  junction 
with  Winding  Creek,  coal-measures  are  exposed  striking  N.  25°  E.  and 
dipping  west  at  an  angle  of  30°.  They  consist  of  sands,  sandy  clays,  and 
fireclays  with  coal.  They  are  cut  off  from  the  mouth  of  Winding  Creek 
by  a  bar  of  greywacke,  but  the  beds  bend  over  this,  forming  an  anticline, 


Fig.  6. — Coal-seam  opposite  Winding  Creek,  showing  prismatic  structure,  the  effect 
of  an  igneous  intrusion.  The  igneous  rocks  show  at  the  bottom  of  the 
picture.  [Photo,  R.  Speight. 


the  westerly  wing  of  which  runs  across  from  Broken  Biver  to  Winding 
Creek,  and  extends  across  that  stream  to  its  eastern  side.  The  circum¬ 
stances  on  the  extreme  west  of  the  occurrence  suggest  a  fault  contact,  the 
line  of  the  fault  running  up  Winding  Creek,  and  no  doubt  having  an 
important  influence  in  determining  the  formation  and  development  of  the 
valley  in  which  the  creek  now  runs. 

Owing  to  the  lack  of  clear  sections  in  the  north-west  part  of  the  area 
no  absolutely  definite  conclusion  can  be  arrived  at,  but  the  general  indi¬ 
cations  point  to  a  thinning-out  of  the  coal-seams  in  that  direction,  and 
to  the  unlikeliness  of  a  large  area  of  payable  coal  being  found  as  a  result 
of  more  complete  prospecting. 

Broken  Biver  and  Iron  Creek. — Immediately  opposite  the  outlet  of 
Winding  Creek  a  seam  of  coal  is  exposed  in  the  bed  and  on  the  banks  of 
the  river,  the  associated  beds  consisting  of  sands  and  sandy  shales.  These 
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beds  are  penetrated  by  two  well-defined  basaltic  sills,  which  have  altered 
the  coal-beds,  top  and  bottom,  into  an  impure  anthracite  exhibiting  a 
well-defined  columnar  structure  (fig.  6).  The  prisms  are  up  to  1  ft.  in 
length,  and  about  2  in.  in  diameter.  At  this  point  the  beds  have  a  dip 
to  the  south-east,  but  on  following  them  to  the  south  across  the  terrace 
and  undulating  country  which  lies  in  the  angle  of  the  river  and  Iron 
Creek  the  direction  of  the  strike  gradually  changes  till  it  is  north  and  south, 
with  a  dip  to  the  east  of  40°.  The  beds  consist  of  sands  with  concretionary 
layers,  one  such  layer  containing  numerous  specimens  of  Conchothyra 
'parasitica  McCoy,  which  fixes  the  age  of  the  beds  as  definitely  Cretaceous, 
and  as  equivalent  to  the  coal-measures  of  Malvern  Hills  and  the  lowest 
beds  of  the  Trelissick  Basin  and  Waipara. 

On  the  west  side  of  Iron  Creek  there  is  a  special  development  of  white 
sandy  beds  which  pass  up  into  greensands,  all  dipping  east.  On  the  east 
side  the  beds  are  repeated  with  a  dip  to  the  west,  but  good  exposures  are 
rare.  This  synclinal  arrangement  is  characteristic  of  the  beds  in  Iron 
Creek  (see  fig.  7). 

In  the  first  branch  coming  in  on  the  eastern  side  of  Iron  Creek  the  lower 
portion  of  the  series  is  exposed.  Here  are  sands  and  sandy  clays  and  shales 
with  a  bed  of  impure  coal  2  ft.  thick,  striking  north  and  south  and  dipping 
west  at  an  angle  of  80°.  This  lies  close  down  on  the  greywacke,  as  in 
Winding  Creek.  Above  them  are  sands,  whitish  and  yellowish-white  in 
colour,  becoming  glauconitic  in  the  higher  levels,  these  latter  being  light 
green  and  dark  green  alternately,  and  continuing  into  the  bed  of  the 
creek,  where  they  become  a  true  greensand  and  have  a  dip  of  85°  to  the 
west.  On  a  high  bluff  in  the  bush  on  the  east  side  of  the  creek  these  beds 
are  again  exposed,  with  the  same  dip  and  strike  noted  above. 

Farther  up  the  main  creek  similar  beds  are  exposed,  lying  on  the 
greywacke  and  bent  up  into  an  acute  syncline.  The  lower  beds  are 
sometimes  distinctly  glauconitic,  with  occasional  yellow  efflorescence  ;  the 
oxidation  of  the  iron  present  in  the  glauconite  produces  everywhere  in  the 
bed  of  the  creek  a  distinct  deposit  of  oxide  of  iron,  colouring  the  stones 
and  the  water  occasionally  and  thus  accounting  for  the  name  by  which 
it  is  known. 

On  the  east  side  of  the  creek,  lower  down,  in  a  place  partially  covered 
with  a  shingle-slip,  is  an  apparent  overthrust  fault,  the  greywacke  lying, 
as  far  as  can  be  seen,  over  the  coal-measures.  The  latter  consist  of  white 
:sands  and  impure-  coal,  dipping  south-east  70°.  The  disturbance  may  be 
sympathetic  with  the  folding  which  the  beds  have  been  subject  to  along 
the  line  of  Iron  Creek,  a  disturbance  which  seems  more  pronounced  on  the 
east  and  therefore  likely  to  be  associated  with  overthrusting,  or  it  may 
be  merely  the  effect  of  surface  creep.  As  the  section  is  somewhat  obscure 
the  disposition  of  the  beds  cannot  be  made  out  for  certain,  but  the  first 
hypothesis  appears  to  me  to  be  the  more  probable,  and  is  supported  by 
the  occurrence  in  Bushy  Creek  referred  to  previously. 

Just  below  this  point  a  large  dyke,  12  ft.  to  15  ft.  in  width,  cuts  across 
the  creek,  striking  west-south-west  and  east-north-east,  and  dipping 
towards  the  south  at  an  angle  of  70°.  The  beds  alongside  it  are  changed 
in  colour  from  green  to  red  as  a  result  of  oxidation  associated  with  the 
heating  effect  at  the  time  of  intrusion.  Close  alongside  the  dyke  the 
greensands  are  bent  up  into  a  closed  syncline. 


(  To  be  continued. ) 
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TWO  NEW  FOSSIL  LOCALITIES  IN  MAITAI  ROCKS. 

By  R.  Speight,  M.A.,  M.Sc.,  F.G.S.,  F.N.Z.Inst.,  Curator  of  the 

Canterbury  Museum. 

The  rocks  usually  classified  as  “  Maitai  ”  form  such  an  important  element 
in  the  geological  fabric  of  New  Zealand,  and  are  at  the  same  time  so  remark¬ 
ably  deficient  in  fossils  over  wide  areas,  that  the  discovery  of  additional 
fossil  localities  is  a  matter  of  some  scientific  interest.  I  therefore  give  the 
following  brief  account  of  two  such  localities  which  it  was  my  fortune  to 
come  across  during  the  month  of  January  of  this  year. 

The  first  to  be  recorded  occurs  in  the  basin  of  the  Hawdon  River, 
a  tributary  of  the  Waimakariri,  some  ten  miles  in  length,  which  rises  in 
the  main  divide  about  eight  miles  east  of  Arthur’s  Pass,  follows  a  course 
generally  parallel  to  that  of  the  Bealey  River,  and  enters  the  Waimakariri 
in  the  vicinity  of  Cass.  The  main  stream  of  the  Hawdon  is  formed  by  two 
subequal  branches,  the  western  rising  near  Walker’s  Pass.  They  join  at  a 
point  about  six  miles  above  the  junction  of  the  Hawdon  with  the  Waimaka¬ 
riri.  While  camped  up  the  river  in  company  with  Dr.  Evans  and  Professor 
Wall,  of  Canterbury  College,  the  latter  brought  me  a  specimen  of  Monotis 
salinaria  which  he  had  picked  up  on  a  shingle-slip  on  the  western  side  of  the 
valley  of  the  eastern  branch,  about  a  mile  and  a  half  above  the  fork  of  the 
stream.  On  examining  the  locality  myself  I  found  two  other  specimens  of 
the  same  shell,  one  in  a  tough  greywacke  and  the  other  in  a  slaty  shale. 
No  specimens  were  obtained  from  the  rocks  in  position,  but  rocks  similar 
to  the  matrix  containing  the  shell  were  found  in  close  proximity  to  the 
fragments.  Complete  examination  was  a  matter  of  difficulty,  as  the  shingle- 
slip  was  of  a  somewhat  unpleasant  kind  to  move  about  on,  and  the  spot 
where  the  shells  were  found  was  about  1,000  ft.  above  the  floor  of  the  valley. 
Nevertheless,  as  complete  an  examination  of  the  locality  was  made  as  the 
conditions  permitted. 

The  rocks  in  the  immediate  vicinity  of  the  spot  consist  of  alternating 
bands  of  greywacke  and  dark  slaty  shale,  with  occasional  coarse  grits, 
striking  north-west  and  dipping  south-west  from  45°  to  50°.  At  the  top 
of  the  slip  the  stratification  is  much  disturbed  by  faulting  and  slumping. 
In  the  bed  of  the  creek,  lower  down,  the  same  beds  were  observed  with 
a  north-north-east  strike  and  a  westerly  dip  at  high  angles,  but  no  fossils 
were  discovered. 

In  addition  to  the  moiluscan  remains  just  referred  to,  portions  of  crushed 
and  carbonized  stems  of  trees  were  observed  in  the  grits  near  the  top  of  the 
exposure.  These  are  exactly  the  same  in  appearance  as  specimens  dis¬ 
covered  by  me  last  year  in  the  Pudding  Hill  Stream,  and  it  is  noteworthy 
that  they  occur  in  both  places  near  beds  which  contain  traces  of  annelid 
remains.  In  the  Hawdon  locality  these  show  no  calcareous  matter,  are 
small  in  size,  being  less  than  J  in.  in  diameter,  and  do  not  resemble  the 
Mount  Torlesse  annelid  ( Torlessia  mackayi).  Similar  forms  were  found  in 
the  Pudding  Hill  Stream  (see  Cox  in  Rep.  Geol.  Explor.,  1883-84,  p.  25). 
The  occurrence  up  the  Hawdon  is,  however,  insufficient  to  determine  the 
true  relation  of  the  annelid-beds  of  the  Maitai  series  to  the  beds  containing 
Upper  Trias  fossils. 

It  is  interesting  to  note  in  this  connection  that  McKay  (Rep.  Geol.  Explor., 
1879-80,  p.  88)  records  a  similar  series  of  rocks  with  an  imperfect  fossil 
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shell  which  can  with  some  degree  of  confidence  be  referred  to  the  same 
as  the  Dun  Mountain  Inoceramus,  as  occurring  between  Cass  and  Bealey. 
I  believe  that  indistinct  fossils  were  also  obtained  at  the  time  the  road- 
cuttings  were  made  along  the  Waimakariri,  and  both  of  these  localities  are 
no  great  distance  from  the  one  in  the  Hawdon  Valley.  The  two  records 
thus  to  some  extent  confirm  each  other. 

The  other  newly  discovered  fossil  locality  in  Maitai  rocks  occurs  in  the 
Malvern  Hills,  at  the  old  marble-quarry  near  the  road  from  Whitecliffs  to 
High  Peak.  A  careful  examination  of  the  ash-beds  associated  with  the 
marble  discloses  the  presence  on  fracture  surfaces  of  a  sculpturing  which 
closely  resembles  that  on  Monotis,  as  well  as  an  occasional  finer  marking 
which  may  belong  to  Halohia.  No  calcareous  material  appears  in  con¬ 
nection  therewith.  The  former  of  these  identifications  leaves  little  room 
for  doubt  as  to  its  accuracy,  whereas  the  latter  is  problematical.  The 
occurrence  thus  corresponds  exactly  with  that  recorded  by  McKay  from 
the  Okuku  district  (Rep.  Geol.  Explor.,  1883-84,  p.  28),  the  similarity  being 
not  only  in  lithological  character,  as  noted  by  Cox  ( loc .  cit.,  p.  28),  but  also 
extending  to  its  fossil  content.  The  marble,  which  occurs  in  discontinuous 
and  irregular  masses,  has  in  all  probability  been  formed  by  the  recrystal¬ 
lization  of  the  calcareous  material  contained  in  an  ash-bed  of  Triassic  age, 
either  as  an  actual  limestone  or  as  shells  scattered  through  a  fragmentary 
volcanic  deposit  on  an  old  sea-bottom. 

Note. — I  have  recently  received  from  Mr.  Koberts,  roadman  at  Arthur’s 
Pass,  per  Mr.  Charles  Lindsay,  assistant  at  the  Canterbury  Museum,  a 
collection  of  fossils  obtained  from  a  metal-pit  alongside  the  road  on 
the  Canterbury  side  of  the  pass,  not  very  far  from  the  summit.  These 
include  specimens  of  Pseudomonotis  ochotica ,  Monotis  salinaria,  as  well  as 
other  fossils.  The  matrix  is  a  dark,  slaty  greywacke.  Judging  from  the 
specimens  submitted,  it  is  very  likely  that  a  large  number  of  examples  may 
be  forthcoming  from  this  locality,  and  the  roadman,  who  takes  a  keen 
interest  in  the  matter,  has  promised  to  forward  any  others  that  he  may 
come  across  to  the  Canterbury  Museum. 


THE  INTERPRETATION  OF  A  TYPICAL  SEISMOGRAM. 

By  George  Hogben. 

There  has  come  into  my  hands,  by  the  courtesy  of  Mr.  Skey,  Director  of 
the  Magnetic  Observatory,  the  Christchurch  record  of  the  San  Salvador 
earthquake  of  the  7th  September,  1915 — a  particularly  good  record,  which 
is  reproduced  in  part  as  Plate  I.  I  take  this  as  a  text  for  explaining  some 
of  the  recent  developments  of  the  science  of  seismology. 

The  diagram  (Plate  I)  is  from  a  tracing  of  the  original  photographic 
record,  not  modified  in  any  way.  The  first  waves,  P,  formerly  called  the 
“  first  preliminary  tremors,”  are  shown  on  the  extreme  left  of  the  diagram  ; 
their  arrival  at  Christchurch  is  marked  by  a  small  but  distinct  jerk  or  impetus 
(hence,  iP)  at  lh.  35  m.  42  s.,  Greenwich  civil  mean  time,  although  a  small 
swelling  in  the  line  at  1  h.  35  m.  00  s.  (visible  only  through  a  magnifying- 
glass)  may  possibly  indicate  an  earlier  gradual  beginning,  or  emersio  (eP). 
The  diagram  is  a  typical  Milne  seismogram  ;  but  it  has  this  very  remarkable 
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feature  :  very  few  seismograms  show  more  than  two  or  three  phases  clearly 
enough  for  us  to  get  the  exact  time  of  the  beginning  of  each  phase  ;  but 
this  shows  clearly  six  phases,  marked' — (1)  P,  (2)  PR1?  (3)  S,  (4)  PS,  (5)  SR1? 
(7)  \jt  ;  and  four  others  less  clearly— (6)  x,  (8)  L2,  (9)  L3,  (10)  L4. 

The  following  explanation  of  the  waves  (1)  to  (5)  and  (7)  is  now 
generally  accepted  by  seismologists.  The  character  of  the  waves  x,  L2> 
L3,  and  L4  is  less  certain. 

(1)  The  P  waves  (undue  frimae)  are  considered  to  be  direct  longitudinal 
waves  propagated  through  the  mass  of  the  earth  along  the  path  of  shortest 
time  (brachistochronic  path),  which  is  concave  to  the  earth’s  surface  ; 
similarly  (3),  the  S  waves  ( undae  secundae),  are  direct  transverse  waves  ; 
the  paths  of  P  and  S  from  the  origin  0  to  the  place  of  observation  A, 
although  not  identical,  may  be  indicated  roughly  by  OCA  ;  their  times  of 
transit  are  871  seconds  and  1,595  seconds,  according  to  the  tables  (see 
below),  and  their  apparent  mean  velocities  are  13-3  kilometres  and  7-3  kilo¬ 
metres  per  second  respectively.  (The  distance  from  the  epicentre  ( A ), 
104°-25,  or  11,583  kilometres,  corresponds  to  a  value  of  724  seconds  for 
S-P.) 


B 


(2)  PR4  are  P  waves  reflected  once  at  B,  the  middle  point  of  the 
arc  OA  ;  they  will  therefore  take  just  twice  as  long  to  reach  A  as  P  waves 
will  to  reach  B. 

(5)  SR4  are  S  waves  reflected  once  at  B.  The  paths  of  PR4  and  SR  x 
(though  not  identical)  are  represented  approximately  by  ODBEA. 

(4)  The  PS  waves  :  When  vibratory  waves  fall  upon  the  inner  side  of 
the  earth’s  surface  they  are  are  not  all  reflected  in  accordance  with  the 
law  that  the  angle  of  reflexion  =  the  angle  of  incidence,  but  some  undergo 
diffraction,  and  are  reflected  abnormally,  as  OF,  FA,  or  00,  OA.  When 
the  angles  of  the  reflected  waves  with  the  normal  differ  greatly  from  the 
angles  of  incidence,  a  series  of  waves  originally  longitudinal  (e.g.,  along  OF) 
will  be  transmitted  along  the  rest  of  the  path  (FA)  as  transverse  waves 
and  waves  that  began  as  transverse  waves  (along  00)  will  complete 
their  journey  (along  OA)  as  longitudinal  waves.  When  the  total  time 
is  a  maximum  the  effect  will  be  most  marked  ;  here  OF  =  OA  ==  23°, 
FA  =  00  =  81J°  ;  obviously  the  two  series  will  arrive  at  A  at  the  same 
instant,  and  will  reinforce  one  another,-  thus  making  the  effect  still  more 
marked. 

Lj  are  the  long  waves  ( undae  longae )  propagated  as  surface  waves  along 
the  arc  OA  with  a  velocity,  according  to  Dr.  Klotz,  of  3-8  kilometres  per 
second. 

During  the  last  thirty  years  a  great  many  world  earthquakes  have  been 
instrumentally  recorded,  and  seismologists  in  various  parts  of  the  world 
have  attempted  to  draw  time-curves  expressing  the  time  taken  to  travel 
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over  different  epicentral  distances  by  the  waves  of  the  various  phases  of  an 
earthquake,  or  (what  comes  to  the  same  thing)  the  velocity  of  propagation 
of  the  waves  of  any  particular  phase.  (The  velocity  of  the  waves  of  any 
type  remain  constant  so  long  as  the  transmitting  medium  is  isotropic  in 
regard  to  elasticity,  rigidity,  and  density.) 

Empirical  tables  drawn  up  by  Zoppritz,  from  a  large  number  of  earth¬ 
quakes  recorded  at  many  stations,  give  the  times  for  P  and  S  waves  for 
epicentral  distances  for  each  10  kilometres  measured  along  the  arc.  These 
tables  are  at  present  being  critically  examined  by  the  Seismological  Com¬ 
mittee  of  the  British  Association  with  a  view  to  their  correction.  (I  have 
used  the  B.A.  edition  of  the  tables  in  this  paper.)  Dr.  Klotz,  of  the 
Ottawa  Observatory,  has  also  issued  a  very  useful  set  of  tables.  From  the 
P  tables  we  can  calculate  PR-!,  and  from  the  S  tables  SR15  and  from  both 
tables  taken  together  PS — P,  S,  &c.,  being  taken  to  denote  not  only  the 
character  of  the  waves,  but  also  the  time  of  transit  from  the  origin. 

Here  follow  details  to  show  how  nearly  the  observed  times  (0)  of  the 
waves  recorded  on  our  seismogram  agree  with  the  times  calculated  from 
the  table  (C). 

Earthquake  of  7th  September,  1915.  —  Milne  Record  taken  at 

Christchurch,  New  Zealand. 


Origin,  San  Salvador,  14°  5'  N.,  91°  W.  Time  at  the  origin, 
1  h.  20  m.  27  s.,  Greenwich  mean  civil  time  (Oh.  or  24  h.  =  midnight). 
Distance  of  Christchurch  from  the  epicentre  =  A  =  104°-25  —  11,583  km. 


Phase. 

Observed  Time 
of  Beginning 
(O). 

Calculated 

Time 

(C). 

Residual 

Error 

O-C  (secs.) 

Remarks. 

(1)  eP  .  . 

h.  m.  s. 

1  35  00  ? 

h.  m.  s. 

1  34  58 

+  2 

iP  .. 

1  35  42 

1  37  58 

+  44 

Longitudinal  waves. 

(2)  PR, 

1  40  00 

1  39  09 

+  51 

Longitudinal  waves  once  re- 

(3)  S  . . 

1  46  51 

1  47  02 

-11 

fleeted. 

Transverse  waves. 

(4)  PS  . . 

1  49  12 

1  48  22 

+  50 

Waves  abnormally  reflected. 

(5)  SRj 

1  54  12 

1  53  58 

4  14 

Transverse  waves  once  re- 

(7)  Li  .. 

2  11  12 

2  11  15 

-  3 

fleeted. 

Surface  waves. 

(6)  x  . . 

2  03  20 

2  03  47 

-27 

?sr4.* 

(8)  L2  . . 

2  13  37 

•  • 

•  . 

Velocity,  3-6  km./sec. 

(9)  L3  .. 

2  16  45 

.  . 

.  . 

Velocity,  34  km./sec. 

(10)  l4.. 

2  23  30 

•  • 

Velocity,  3‘0  km./sec. 

Followed  by  the 

“  coda  ”  or  “  tail  ”  of  the  earthquake. 

Compare  Apia  : 
iP 

A  =  85°*4. 

1  33  24 

1  33  17 

+  7 

S 

1  44  06 

1  43  50 

+  16 

•  • 

The  last  two  lines  are  from  tffe  Wiechert  record  of  the  same  earthquake 
at  Apia,  Samoa.  The  observed  and  calculated  times  of  P  and  S  agree  very 
closely. 

The  residual  errors  of  the  thirty-six  best  returns  of  this  earthquake 
published  by  the  B.A.A.S.  Committee  vary  from  —64  to  +79  seconds. 
Our  figures  are  within  these  limits. 


*  Thus  20°-85  X  5  =  10P-25 ;  520  sec.  X  5  =  2,600  sec. ;  1  h.  20  m.  21  s.  +  2,600  sec. 
=  2  h.  03  m.  47  s. 
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(6)  The  x  waves  may  be  explained  in  several  ways — as  S  waves  four 
times  reflected  (SR4),  for  instance.  Probably,  like  the  L  waves,  they  are  a 
compound  phase. 

(8),  (9),  (10) :  We  have  still  to  account  for  L2,  L3,  L4.  There  are  other 
phases  in  the  “tail”  of  the  record,  some  of  which  are  due  to  waves  travel¬ 
ling  along  the  major  arc  ;  but  L2,  L3,  L4  are  evidently  minor  arc  waves. 
It  appears  to  me  that  the  L2  waves  are  most  easily  explained  by  supposing 
them  to  be  repeatedly  reflected  between  the  earth’s  surface  and  the  surface 
of  an  inner  shell — say,  II ;  similarly,  we  can  explain  L3  and  L4  by  repeated 
reflexions  between  the  earth’s  surface  and  the  surfaces  of  other  shells — say, 
III  and  IY.  The  velocities  of  propagation  of  L2,  L3,  and  L4  are  about 
3*6,  3-4,  and  3*0  kilometres  per  second  respectively ;  it  is  evident,  therefore, 
that  the  L2  waves  must  go  deeper  than  the  L3  waves,  and  these  deeper 
than  the  L4 — that  is,  the  reflecting  surface  II  is  deeper  than  III,  and  III 
than  IY.  The  total  length  of  the  paths  of  several  series  of  the  L2  waves 
will  differ  so  little  that  they  will  reinforce  one  another,  and  give  this  part 
of  the  seismogram  its  marked  character.  So  also  the  L3  and  L4  waves. 
(The  existence  of  such  shells  is,  of  course,  a  hypothesis  to  be  tested.) 

If  P  and  S  are  accurately  determined  for  a  large  number  of  earthquakes 
for  different  epicentric  distances,  we  can  determine  the  paths  of  the  waves 
of  various  phases,  and  hence  make  reasonable  inferences  as  to  the  elasticity, 
rigidity,  and  density  of  the  rocks  at  different  depths,  even,  possibly,  as  far 
as  the  earth’s  centre.  But  for  this  a  high  degree  of  accuracy  is  necessary — 
accuracy  which  is  to  some  extent  attained  in  the  Wiechert  instruments, 
and  still  more  in  the  excellent  seismographs  invented  by  the  Russian  Prince 
Galitzin,  but  reached  not  at  all  by  the  Milne  machines. 

The  seismograph  should  be  sensitive  and  have  a  high  magnifying-power, 
otherwise  it  may  fail  to  record  many  of  the  phases  of  an  earthquake, 
especially  the  P  waves,  for  which,  in  that  case,  PB4  may  be  mistaken. 
Again,  the  Milne  horizontal  pendulums,  when  started  by  an  earthquake, 
quickly  acquire  their  own  natural  period  ;  a  good  instrument  would  be 
properly  damped,  giving  only  the  motion  impressed  on  it  (really  on  the 
earth’s  surface)  by  the  earthquake.  The  clock-time,  too,  should  be  accu¬ 
rately  kept  and  marked  on  the  seismograms,  although  this  is  only  a  matter 
of  ordinary  care  in  an  observatory. 

I  am  glad  to  say  that  the  New  Zealand  Government  has  agreed  to  install 
at  the  Hector.  Observatory  a  Milne-Shaw  seismograph  —  the  instrument 
recommended  by  the  B.A.A.S.  Committee  where  it  is  not  possible  to  set  up 
Galitzin  machines.  This  will  put  our  seismological  work  here  upon  a  good 
footing,  which  will  be  comparable  with  that  of  other  first-class  British 
observatories  when  another  Milne-Shaw  is  set  up  at  right  angles  to  the  first, 
as  well  as  a  vertical  seismograph  of  good  type. 

Apia,  Samoa,  is  well  equipped  with  Wiechert  instruments.  It  is  to  be 
hoped  that  the  New  Zealand  Government  will  see  its  way  to  maintain  this 
observatory,  which  is  so  important  a  link  between  the  seismological  observa¬ 
tories  of  New  Zealand,  Australia,  and  eastern  Asia,  and  those  of  North  and 
South  America.  In  fact,  it  would  be  difficult  to  name  an  observatory  whose 
geographical  situation  gives  it  more  importance  than  Samoa.  It  is  highly 
important,  too,  that  the  work  should  be  of  first-class  quality.  This  implies 
well-trained  assistants  who  are  enthusiasts  in  their  work — which  tempts 
me  to  comment  upon  a  cablegram  received  here  when  the  British  Associa¬ 
tion  was  in  session.  That  message  stated  that  all  British  stations  should 
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be  equipped  with  Milne-Shaw  machines,  and  that  the  data  gained  should 
be  sent  to  England,  to  be  worked  up  there .  I  hope,  however,  that  some  of  the 
work  based  upon  seismological  records  may  be  done  here  (although  the  records 
should  be  regularly  sent  to  England  also).  A  seismogram  can  be  properly 
interpreted  only  by  one  who  understands  its  full  scientific  import,  not  by  a 
mere  routine  collector  of  records.  Moreover,  the  B.A.A.S.  Committee  has 
made  mistakes  in  the  past:  e.g.,  correspondents  were  for  many  years  invited 
to  send  details  only  of  P1?  P2,  P3  (that  is  P,  S,  L),  no  notice  being  taken  of 
PR1?  SR15  &c.  ;  yet  it  may  be  that  in  the  solution  of  the  problems  still 
before  us  these  may  contribute  quite  as  much  as  P  and  S.  I  suggest  that 
in  the  periodical  bulletins  the  details  of  the  published  earthquakes  should 
include  every  distinct  phase  :  this  would  still  allow  the  exclusion  from  the 
bulletins  of  inferior  observations  that  would  otherwise  fill  up  space  to  no 
purpose.  All  the  chief  facts  would  then  be  available  to  workers  all  over 
the  world,  and  their  enhanced  interest  would  still  further  increase  the 
accuracy  of  the  observers  and  the  value  of  the  whole  work. 

A  Seismograph  Detector. 

Dr.  Klotz,  of  Ottawa,  has  published  a  very  useful  diagram  of  the  time- 
curves  of  the  waves  of  the  chief  phases  of  an  earthquake  ( Publications  of 
the  Dominion  Observatory ,  Ottawa ,  vol.  3,  No.  2,  1916).  The  horizontal 
scale  gives  the  time  (apparently  about  10  seconds  to  1  millimetre)  ;  the 
vertical  scale  gives  the  value  of  A  for  every  60  kilometres — that  is,  the 
arcual  distance  from  the  epicentre  to  the  observatory.  So  that  if  we  know 
the  distance  of  the  origin  we  can  find  at  once  from  the  curves  the  time 
taken  from  the  origin  by  the  P  waves,  or  the  S  waves,  &c.  ;  vice  versa ,  if  we 
know  the  value  of  S-P  we  can  find  the  corresponding  value  of  A .  If  the 
time  scale  of  the  diagram  is  the  same  as  that  of  the  seismogram,  then  S-P 
will  be  of  the  same  length  in  each;  and  if,  also,  the  diagram  is  made 
transparent,  then  when  we  place  it  so  that  P  and  S  of  the  seismogram  are 
immediately  below  points  on  the  P  and  S  curves  of  the  diagram  all  the 
other  phases  ought  to  correspond  approximately,  and  the  arcual  distance  A 
is  that  given  at  the  left  of  the  same  horizontal  line.  (We  could  use  the 
interval  between  any  two  phases,  instead  of  S-P — e.g.,  PRi-P,  SRj-S,  &c.) 
The  normal  time  scale  of  the  Milne  seismograph  is  about  240  millimetres  to 
the  hour.  The  Wellington  instrument  runs  246  millimetres  to  the  hour 
(4'1  millimetres  =  1  minute).  Dr.  C.  E.  Adams  has  redrawn  the  diagram  to 
this  time  scale  with  A  in  degrees  as  well  as  in  kilometres  (Plate  II). 

As  has  been  stated  above,  the  distance  of  the  origin  from  the  place  of 
observation  may  be  found,  assuming  the  correctness  of  the  tables  for  P  and 
S,  from  S-P — that  is,  the  interval  between  the  arrival  of  the  P  and  of  the  S 
waves.  For  instance,  in  our  typical  seismogram,  S-P  —  either  711  seconds, 
or  669  seconds.  Hence  the  distance  of  the  origin  from  Christchurch  was 
101°*2  or  92°‘2.  A  large  number  of  reliable  stations  show  it  to  have  been  in 
a  region  about  104o,25  from  Christchurch.  The  discrepancy  points  either 
to  an  error  in  the  observation  or  its  interpretation,  or  to  an  error  in  the 
tables — probably  the  former  in  this  case.  It  is  easy  to  see  that  accurate 
returns  from  a  large  number  of  stations  would  enable  us  to  correct  the 
tables. 
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SMELTING  THE  TITANIFEROUS  IRONSANDS  OF 

NEW  ZEALAND.* * * § 

By  J.  A.  Heskett,  M.  Am.  Inst.  Min.  &  Met.  Engrs. 

The  titaniferous  ironsands  of  Taranaki  are  composed  of  combined  magnetite 
and  ilmenite,  or  more  probably  form  a  chemical  compound  of  the  double 
oxides  of  iron  and  titanium, f  since  the  ilmenite  cannot  be  separately 
detected  by  the  microscope  nor  separated  by  wet  or  dry  magnetic  con¬ 
centration,  wherein  these  sands  differ  from  the  St.  Lawrence  deposits. J 


Fig.  1. — View  of  locality,  showing  basin  where  sand  is  trapped  for  supply  to  works. 


The  deposits  probably  originated  in  volcanic  upheavals  at  sea  of  molten 
oxides  which  were  granulated  by  contact  with  the  cold  water  and  are 
accordingly  in  a  fine  state  of  subdivision,  passing  freely  through  a  40-mesh 
sieve. §  The  ironsand  is  mixed  with  various  proportions  of  fine  shell  and 


*  A  resume  of  experiments  carried  out  by  the  New  Zealand  Iron-ore  Smelting  and 
Manufacturing  Company  (Limited)  at  New  Plymouth,  1914-19. 

t  Ilmenite  and  magnetite  are  minerals  of  distinct  chemical  structure  and  crystallo¬ 
graphic  system,  and,  if  occurring  together  in  a  sand,  should  be  distinguishable  by 
microscopic  methods  and  separable  by  processes  of  magnetic  concentration.  From  the 
author’s  statements  it  would  appear  that  the  New  Zealand  sand  contains  no  ilmenite, 
but  is  composed  of  titaniferous  magnetite,  a  mineral  in  which  a  limited  amount  of 
titanium  replaces  iron,  though  it  has  the  crystal  form  and  chemical  structure  of 
magnetite. — Ed. 

t  Magnetic  Ironsands  of  Natashkwan,  Canada,  Department  cf  Mines,  Bull.  No.  145, 
1912. 

§  The  commonly  accepted  geological  explanation  of  the  deposits  of  ironsand  is 
that  the  magnetite  has  been  derived  from  the  tuffs  and  lavas  of  Egmont  by  ordinary 
weathering  and  erosion,  and  has  been  first  concentrated  by  stream  and  wave  action, 
then  uplifted  on  raised  beaches,  and  further  concentrated  by  wind -action. 
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siliceous  sand, 

but  at  certain  points  is 

concentrated  by  the  action 

of  water 

and  wind  to  a 

rich  deposit  of  the  following  average  analysis  : — 

Per 

Per 

Cent. 

Cent. 

Metallic  iron 

.  .  57 

Lime 

.  .  2-16 

Phosphorus 

.  .  0-25 

Mn02 

. .  0-64 

Sulphur .  . 

.  .  002 

MgO 

.  .  2-8 

Titanium 

6 

Ti02  . . 

. .  9-31 

Silica 

.  .  2-2 

P205  .. 

. .  06 

Alumina 

.  .  3-3 

v205  .. 

.  .  0-28 

Ferric  oxide 

.  .  44-36 

80  3  . . 

. .  0-05 

Ferrous  oxide 

.  .  33-91 

These  rich  deposits  might  form  a  continuous  source  of  supply,  the 
withdrawals  being  covered  by  fresh  deposits,  but  this  is  doubtful ;  in  any 
case,  the  sands  may  be  said  to  be  inexhaustible  if  New  Zealand’s  needs  only 
are  considered. 


Fig.  2. — -View  of  the  smelting -works. 


The  ironsand  is  very  similar  in  analysis  to  mill  scale,  the  gangue  being 
practically  all  free.  The  ferrous-oxide  content  is  unusually  high,  thus 
retarding  reduction.  Ferric  oxides  are  usually  largely  reduced  by  CO, 
giving  the  exothermic  reaction  Fe203  +  3CO  =  2Fe  +  3C02  with  emission 
of  heat.  But  ferrous  oxides  generally  require  a  large  proportion  of  fixed 
carbon  to  effect  their  reduction,  giving  the  endothermic  reaction  FeO  -f-  C 
=  Fe  -j-  CO  with  absorption  of  heat.  Ores  with  high  percentage  of  FeO 
therefore  require  large  quantities  of  fuel  and  great  length  of  time  for 
reduction.  The  attempt  was  therefore  made  to  reduce  the  ironsand  largely 
by  direct  carbon,  and  the  idea  of  making  a  “  ferro-coke  ”  by  coking  in  a 
fireclay  retort  for  eight  hours  equal  parts  of  dried  magnetically-concentrated 
sand  and  of  coking-coal  was  evolved.  This  ferro-coke  was  charged  along 
with  limestone  in  a  small  experimental  blast  furnace,  3  ft.  in  diameter  and 
8  ft.  from  changing-door  to  tuyeres,  with  a  blast  pressure  of  6  oz.  This 
process  gave  10  tons  per  day  of  a  very  close-grained  grey  iron,  con¬ 
taining  2-82  per  cent,  graphitic  carbon,  075  per  cent,  combined  carbon, 
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0-91  per  cent,  silicon,  042  per  cent,  manganese,  0*56  per  cent,  phosphorus, 
0-04  per  cent,  sulphur,  and  0-28  per  cent,  titanium.  However,  difficulty 
was  experienced  by  the  ferro-coke  becoming  friable  at  incandescence  and 
clogging-  the  hearth  with  finely  divided  carbon,  so  the  process  was  finally 
abandoned. 

The  promising  nature  of  this  experiment  led  to  briquetting  one  part 
of  coal  and  three  of  concentrated  ironsand  with  sodium  silicate.  These 
briquettes  were  then  coked  and  charged  with  coke  and  limestone  to 
the  same  small  blast  furnace  (or  cupola).  This  gave  free-running  slags 
and  clean  working,  but  a  smaller  yield  of  a  white  iron  low  in  silicon 
(04  per  cent.)  was  produced,  and  more  carbon  was  used  per  ton  of  pig. 
This  was  no  doubt  explainable  by  the  fact  that  in  the  first  process  some 
ore  was  reduced  in  the  initial  coking,  and  this  being  reoxidized  at  the 
tuyeres  a  higher  temperature  was  evolved.  The  briquettes  could  only  be 
coked  for  thirty  minutes — too  short  a  time  for  any  reduction. 

The  next  step  was  the  partial  abandonment  of  the  idea  of  “  direct  ” 
reduction,  and  the  building  of  a  higher  furnace,  45  ft.  high,  with  hearth 
4  ft.  diameter,  bosh  8  ft.  high,  and  bosh-angle  70°.  Hot  blast  at  1,000°  F. 
with  a  pressure  of  20  oz.  was  used,  with  water-cooled  bosh,  tuyeres,  and 
coolers.  Eight  parts  of  concentrated  sand  were  briquetted  with  one  part 
of  finely  pulverized  coal,  and  the  briquettes  were  carbonized  and  charged 
with  coke  and  limestone.  Five  tons  per  day  of  high-silicon  pig  was 
produced  (G.C.,  2-89  per  cent. ;  C.C.,  0-7  per  cent. ;  Si,  1-6  per  cent. ;  Ti,  0-63 
per  cent.)  with  fluid  slags  containing  30  per  cent,  of  Si02,  17J  per  cent, 
of  A1203,  31  per  cent,  of  CaO,  and  10-2  per  cent,  of  Ti02.  The  titanic 
acid  present  seemed  rather  to  lower  the  fusion-point  and  viscosity  of  the 
slag,  and  later  on  slags  with  20  per  cent,  of  TiOa  were  made  without 
raising  either.  The  coke  charge  was  high — at  least  35  cwt.  per  ton  of  pig. 

The  trouble  with  this  process  arose  from  the  fact  that  titaniferous 
accretions  built  up  in  the  hearth  and  gradually  prevented  tapping.  These 
accretions  were  of  a  greyish  stony  colour,  metallic  in  fracture  and  magnetic 
in  nature,  and  were  composed  of  a  mixture  of  ferro -titanium  and  slag.  On 
crushing,  about  two-thirds  proved  to  be  magnetic,  and  on  separation  analysed 
66  per  cent.  Fe,  26  per  cent.  Ti,  3*7  per  cent.  Si,  24  per  cent.  C ;  while  the 
non-magnetic  portion  was  composed  of  18  per  cent.  Si02,  20  per  cent.  A1203, 
39  per  cent.  Ti02,  12J  per  cent.  CaO,  6  per  cent.  MgO.  The  slag  was  then 
tested  by  allowing  it  to  settle  in  a  sand  well,  when  two  well-defined  layers 
resulted.  The  bottom  layer  was  of  a  dark-blue  tint,  with  metallic  material 
freely  intermixed  and  occasional  small  copper-coloured  deposits  about  the 
area  of  a  threepenny-piece.  It  had  a  specific  gravity  of  3-8,  and  rusted 
if  allowed  to  weather.  It  was  very  mushy  or  pasty  even  at  the  highest 
temperatures  (3,000°  F.)  and  did  not  flow  at  all  from  the  assay  crucible. 
It  flattened  out  on  beating,  and  appeared  very  strong.  The  analysis  was 
26  per  cent.  Si02,  21  per  cent.  A1203,  13*7  per  cent.  Ti02,  23J  per  cent. 
CaO,  1-3  per  cent.  S,  11-3  per  cent.  Fe.  The  top  layer  was  sky-blue,  with 
stony  structure,  crystalline  interior  and  somewhat  vitreous  edges,  and 
showed  no  signs  of  rusting.  Its  specific  gravity  was  3-2,  and  at  2,600°  F. 
it  was  quite  fluid  and  ran  freely.  The  analysis  gave  33 J  per  cent  Si02, 
15J  per  cent.  A1203,  10  per  cent.  Ti02,  34J  per  cent.  CaO,  24  per  cent. 
MgO,  0-2  per  cent.  FeO,  14  per  cent.  S,  and  2  per  cent,  alkalies. 

It  appeared  probable  that  a  very  viscous  layer  of  titaniferous  material 
was  interposing  between  the  fluid  metal  and  fluid  slag  between  each 
tapping,  and  that  this  layer  was  too  mushy  to  flow  with  the  slag  and  was 
gradually  building  up  in  the  hearth  and  preventing  the  proper  separation 

8 — Science. 
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of  iron  and  slag.  It  was  conceived  that  some  such  condition  was  arising, 
and  that  by  frequent  tappings  the  whole  of  the  slag  and  titaniferous  layer 
might  be  flushed  through  the  tap-hole.  This  procedure  was  adopted  in  a 
trial  and  promised  to  prevent  the  forming  of  accretions  in  the  hearth,  but 
it  entailed  the  loss  of  a  quantity  of  iron  with  the  slag,  and  is  not,  there¬ 
fore,  a  commerical  process  unless  the  ferro -titanium  could  be  recovered 
from  the  slag  and  used  to  commercial  advantage. 

Looking  further  into  the  question,  it  is  estimated  that  85  per  cent,  of  the 
Ti02  in  the  ore  is  accounted  for  in  the  fluid  slag,  and  that  of  the  balance 
5  per  cent,  appears  as  a  cinder  high  in  Ti02  and  10  per  cent,  as  ferro- 
titanium.  From  the  analysis  of  the  ore  it  is  evident  that  the  gangue  forms 
a  very  infusible,  slag,  consisting  of  50  per  cent.  Ti02,  16  per  cent.  A1203, 
14  per  cent.  MgO,  11  per  cent.  Si02,  and  10  per  cent.  CaO.  If  any  portion 
of  this  refractory  mass  escaped  attack  by  the  limestone  flux  in  descent 
some  part  of  it  would  doubtless  sink  through  the  slag  bath  and  lie  inert 
at  the  iron-level,  and  certainly  any  portion  reaching  the  hearth  when  the 
latter  is  dry  after  tapping  would  lie  there  and  gradually  block  up  the 
furnace.  The  following  analysis  of  a  sample  of  cinder  taken  from  the 
hearth  corroborates  this  theory  :  52T  per  cent.  Ti02,  15-6  per  cent.  A1203, 
13*3  per  cent.  CaO,  7-3  per  cent.  Mg.O,  9'5  per  cent.  Si02,  1-1  per  cent.  S. 
This  sample  was  viscous  at  3,000°  F.,  but  when  ground  and  intimately 
mixed  with  limestone  became  very  fluid  at  this  temperature.  The  possi¬ 
bility  of  the  fused  gangue  escaping  contact  with  the  limestone  flux  could 
be  greatly  lessened,  and  probably  entirely  removed,  by  intimately  mixing 
limestone  with  the  ore  to  form  a  self -fluxing  burden.  The  fine  sand  lends 
itself  admirably  to  this  procedure,  as  the  limestone  could  be  powdered, 
briquetted,  and  sintered  with  the  ironsand  and  pulverized  coal.  This 
process  has  been  patented,  and  a  trial  of  it  is  about  to  be  undertaken. 

The  experience  with  these  furnaces  proves  conclusively  that  fluid  slags 
can  be  obtained  containing  as  high  as  20  per  cent,  of  Ti02,  and  this  fact 
points  to  another  procedure.  If  the  ironsand  containing  10  per  cent,  of 
Ti02  were  mixed  with  equal  parts  of  a  non-tifaniferous  ore  a  fluid  slag 
containing  20  per  cent,  of  Ti02  should  be  obtained,  since  the  pig  iron  would 
absorb  1  per  cent,  of  Ti02  ( i.e .,  0-6  per  cent.  Ti),  leaving  4  per  cent,  of 
Ti02  in  the  mixed  burden,  which  would  on  the  same  basis  as  before  amount 
to  20  per  cent,  of  the  gangue.  This  method  has  been  developed  success¬ 
fully  by  Bachman  at  Port  Henry  for  dealing  with  the  titaniferous  ores  of 
New  Jersey.  The  process,  however,  might  be  objectionable  on  account 
of  a  poorer  pig  being  the  outcome.  The  pig  obtained  from  the  ironsand 
alone  is  of  exceptional  quality,  giving  25  per  cent,  greater  breaking-strength 
and  deflection  than  ordinary  pig  iron,  and  forming  castings  with  an 
unsurpassed  finish.  Further,  the  steel  produced  from  the  pig  has  excep¬ 
tional  strength,  ductility,  and  malleability.  The  pig  iron  has  a  ready 
tendency  to  chill,  even  in  ordinary  sand  casting  with  Si  2-5  per  cent,  and 
S  0-04  per  cent.,  when  the  chill  is  only  to  a  depth  of  in  Personally, 
I  believe  this  chilling  tendency  is  due  to  the  oxygen  content  rather  than 
to  the  titanium  carbide,  and  therein  the  modern  theory  advanced  by  the 
late  J.  E.  Johnson,  jun.,  supports  me.  One  fact  witnessed  in  evidence 
of  this  theory  was  the  fact  that  pig  produced  by  the  first  ferro-coke  process 
did  not  chill  readily,  even  though  Si  was  only  0-9  per  cent,  and  S  0-06  per 
cent. ;  and  this  pig  was  presumably  very  free  from  O,  since  the  ore  was 
very  thoroughly  deoxidized.  As  the  ore  is  high  in  FeO,  it  is  reasonable 
to  expect  that  deoxidization  under  ordinary  blast-furnace  conditions  is 
slow  and  that  the  pig  produced  from  the  ore  by  the  later  process  is  high 
in  O,  and  this  therefore  is  the  cause  of  the  chilling  tendency. 
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ASTRONOMICAL  NOTES. 

The  Absorption  Spectrum  of  the  Novae. 

By  A.  C.  Gifford. 

In  an  article  on  the  “  Absorption  Spectrum  of  the  Novae  ”  by  Dr 
W.  S.  Adams,  Mount  Wilson  Observatory,  Pasadena,  California,  it  is 
shown  that  the  metallic  absorption-lines  in  the  spectrum  of  Nova  Aquilae 
showed  a  progressive  increase  in  displacement.  Thus  in  the  region  between 
A.  4250  and  A  4600  the  values  were — June  10,  21*7  angstroms  ;  June  11, 
22-4  ;  June  12,  23-0  ;  June  13,  23-7  ;  June  15,  24*6.  The  more  refrangible 
components  of  the  hydrogen  lines  showed  a  displacement  one  and  a  half 
times  as  great  as  these.  Adams  remarks  that  no  adequate  explanation 
has  been  offered  as  yet  to  account  for  these  immense  displacements. 

Later  in  the  article  he  comes  startlingly  close  to  giving  a  completely 
satisfying  explanation  himself.  He  says,  “  The  suggestion,  however,  may 
be  made  that  the  absorption-lines  are  produced  in  a  shell  of  gas  which  is 
moving  radially  outward  from  the  star  with  a  high  velocity.  If  the  size 
of  this  shell  is  large  as  compared  with  that  of  the  body  of  the  star  it  is 
evident  that  an  area  of  the  shell  only  equal  to  that  of  the  star  would  be 
seen  in  projection  against  the  latter  and  would  give  absorption-lines,  and 
that  all  of  the  gas  within  this  area  would  have  large  components  of 
velocity  towards  the  observer.  This  would  result  in  comparatively  narrow 
absorption-lines.  The  remainder  of  the  gas  would  give  an  emission 
spectrum,  and  the  combination  of  the  widely  different  velocities  would 
result  in  very  broad  bright  bands  with  their  centres  nearly  undisplaced. 
This  is  in  accordance  with  observations.  With  these  high  velocities  the 
interval  of  two  days  between  the  outburst  of  the  star  and  the  appearance 
of  the  prominent  absorption  spectrum  would  be  sufficient  for  the  gas  to 
reach  a  great  distance  from  the  surface  of  the  star.  The  hypothesis  would , 
however,  leave  unexplained  the  apparent  acceleration  of  motion  during  the 
period  of  observation  of  the  absorption  spectrum  ;  and  the  nearly  constant 
character  of  the  emission  bands  after  the  disappearance  of  the  absorption  spectrum 
would  point  rather  to  their  origin  in  the  star  itself .” 

Except  for  this  last  sentence  (the  italics  are  mine),  the  above  agrees 
exactly  with  the  hypothesis  that  the  outburst  is  due  to  the  grazing  collision 
of  two  stars,  which  after  the  encounter  pass  on,  leaving  behind  them  the 
portions  that  actually  come  in  one  another’s  way. 

The  coalescence  of  these  portions  produces  an  intensely  heated  and 
theiefore  thermodynamically  unstable  body.  It  is  this  body  which  gives 
nearly  all  the  light  of  the  new  star.  It  is  its  spectrum  that  is  recognized 
nearly  every  time  as  that  of  a  typical  nova.  It  is  the  dissipation  of  this 
body  into  space  that  causes  the  rapid  fading  of  the  brilliant  radiance. 
The  details  of  each  special  case  depend  on  the  sizes  and  masses  of  the 
colliding  stars,  and  on  the  ratio  of  the  mass  of  the  part  struck  off  to  that 
of  the  original  bodies.  The  smaller  this  ratio  is,  the  greater  will  be  the 
instability  of  the  third  body,  and  the  shorter  its  life. 

Its  constitution  is  very  remarkable.  The  lighter  portions  of  the  two 
stars  come  into  collision  first,  and  therefore  occupy  originally  the  central 
region  of  the  body  formed.  They  are  almost  enwrapped  equatorially  by 
denser  material  torn  from  the  deeper  portions  of  the  grooves  in  the  wounded 
stars. 
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The  ends  of  the  axis  at  right  angles  to  the  plane  of  relative  motion  of 
the  colliding  stars  are  centres  of  regions  of  special  weakness.  The  retreating 
stars  are  pulling  in  opposite  directions,  drawing  the  mass  into  a  spindle 
shape  with  heavy  material  towards  its  ends.  The  sides  of  the  spindle 
are  temporary  regions  of  weakness.  The  whole  mass  is  rotating,  and  the 
stars  themselves  have  new  rotations  impressed  on  those  they  had  before. 
The  volume  of  the  third  body  is  at  first  small  compared  with  the  stars, 
but  its  temperature  is  so  great  that  the  pressure  produces  the  greatest 
explosion  known  in  nature.  .  • 

The  body  grows  with  astonishing  rapidity.  For  some  days  the  outward 
rush  of  material  is  constantly  accelerated  by  the  pressure  from  within. 
The  temperature  being  measured  in  millions  of  degrees  centigrade,  the 
pressure  is  correspondingly  intense.  Whilst  the  density  is  great,  the 
confused  molecular  agitation  gives  light  which,  when  analysed,  shows  a 
continuous  spectrum.  As  soon  as  the  molecules  in  the  outer  portions 
are  free  enough  to  execute  their  characteristic  vibrations  absorption-lines 
begin  to  appear.  These  lines  necessarily  show  a  progressive  increase  of 
their  displacement  towards  the  violet  as  long  as  the  intense  pressure  of 
the  exploding  nucleus  gives  accelerated  motion  to  the  absorbing  gases  in 
the  outer  layers. 

The  lines  of  many  elements  may  be  identified  in  this  spectrum. 

When  the  collision  occurs  nearly  all  the  kinetic  energy  of  the  portions 
which  meet  is  transformed  into  molecular  agitation.  The  third  body  is  as 
hot  as  a  body  formed  by  the  complete  union  of  two  suns  meeting  directly, 
for  the  same  velocity  of  translation  is  destroyed  in  each  case.  But  the 
resultant  bodies  have  entirely  different  life-histories.  In  direct  collisions 
of  equal  suns,  with  no  original  proper  motion,  the  molecules  of  the  com¬ 
bined  body  cannot  have  more,  on  an  average,  than  half  the  energy  corre¬ 
sponding  to  the  critical  parabolic  velocity  of  escape  ;  the  third  body,  formed 
by  a  grazing  impact,  has  the  same  average  molecular  velocity,  but  this  is 
many  times  as  great  as  the  critical  velocity  of  escape  from  the  mass  of  the 
third  body. 

Just  after  the  collision  all  the  elements  have  the  same  molecular  velo¬ 
cities  and  therefore  widely  different  temperatures.  Oxygen,  for  instance, 
is  sixteen  and  lead  207  times  as  hot  as  hydrogen.  The  lighter  elements 
must  therefore  gain,  and  the  heavier  elements  lose,  heat.  During  the  out¬ 
ward  rush  atom-sorting  begins.  As  hydrogen  and  helium  gain  velocity 
from  the  heavier  elements  they  gradually  find  their  way  towards  the  outside, 
and  ultimately  form  vast  encircling  spheres  of  gas. 

This  brings  about  another  change  in  the  character  of  the  spectrum. 
The  third  body  grows  to  such  vast  dimensions  that  the  radiation  from  the 
gaseous  shells  vies  with  and  ultimately  overpowers  that  of  the  nucleus 
itself.  Further,  since  the  gas  is  rushing  out  in  every  direction,  it  will  give 
wide,  bright  bands. 

If  the  graze  is  a  very  slight  one  the  velocity  of  the  molecules  will  be 
many  times  the  critical  velocity,  and  the  third  body  will  be  dissipated 
completely.  The  velocity  of  the  outrushing  gases  after  reaching  its  maxi¬ 
mum  will  hardly  diminish  at  all,  and  therefore  the  bright  bands  will  retain 
their  full  width  until  they  fade  away  and  disappear. 

The  difficulties  suggested  in  Adams’s  paper  vanish  as  soon  as  the 
peculiar  characteristics  of  the  third  body  are  taken  into  account. 

This  theory  was  published  by  Professor  A.  W.  Bickerton  in  the 
Transactions  of  the  New  Zealand  Institute  in  1878,  1879,  and  1880. 
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NATURAL  -  HISTORY  NOTES. 

Metamorphosis  of  the  Fly  Exaireta  spiniger  Schiner,  by  J.  G.  Myers. 

As  the  metamorphosis  of  this  beautiful  and  conspicuous  fly  has  not 
hitherto  been  recorded,  the  following  note  may  be  of  interest. 

The  egg  I  have  not  yet  found,  but  the  larva,  of  which  a  sketch  is 
appended,  has  been  taken  in  considerable  numbers,  during  July  and  sub¬ 
sequent  months,  amongst  rejected  seed  potatoes 
in  an  advanced  state  of  decomposition,  when 
practically  nothing  remains  but  skins  and  fibrous 
material,  Muscid  larvae  having  accounted  for  the 
softer  portions  of  the  tubers. 

The  larva,  which  is  not  quite  fully  grown  in 
July,  when  this  description  was  taken,  presents 
a  very  flat  appearance,  with  a  rough,  brownish- 
grey,  strongly  chitinized  envelope,  the  surface 
usually  fouled  with  dirt,  but  the  segmentation 
very  pronounced  to  sight  and  touch.  The  four 
anterior  segments  are  capable  of  considerable 
retraction.  Progression  is  effected  by  means  of 
rugosities  on  the  ventral  surface,  the  edge  of 
each  body-segment  being  thickened.  The  larva 
is  extremely  sluggish. 

The  dimensions  are  as  follows :  Length, 
11  mm.  ;  maximum  width,  5  mm.  ;  maximum 
thickness,  1*5  mm. 

The  pupal  instar,  passed  within  the  apparently 
unchanged  larval  integument,  among  the  debris 
of  the  larval  food,  lasts  until  the  following  summer, 
when  the  imago  emerges. 

A  similar  Stratiomyid  larva,  taken  among  debris  at  the  roots  of  spear- 
grass  on  Mount  Alpha,  Tararua  Ranges,  may  prove  to  be  the  same  species 
living  under  more  natural  conditions. 

I  am  indebted  to  Mr.  D.  Miller  for  the  identification  of  the  imago  and 
for  much  other  assistance. 

Note  on  a  Habit  of  the  Chiton  Cryptoconchus  porosus  (Burrow),  by 

Miss  M.  K.  Mestayer. 

The  members  of  the  order  Polyplacophora,  or  mail-shells,  are  generally 
considered  to  be  vegetable  feeders,  but  this  summer  I  have  had  proof 
that  at  least  one  member  of  the  order,  Cryptoconchus  porosus  (Burrow),  is 
decidedly  fond  of  a  diet  of  spawn. 

Early  in  November,  1919,  a  coil  of  spawn  was  deposited  on  the  side  of 
my  aquarium,  probably  by  a  small  Siphonaria,  but  before  there  was  a 
chance  of  its  hatching  a  specimen  of  C.  porosus  found  it,  and  I  saw  the 
spawn  being  rasped  off  and  swallowed.  Then,  on  the  18th  January,  1920, 
I  found  another  specimen  of  the  same  species  on  a  rather  large  coil  of 
spawn  I  had  placed  in  another  aquarium  at  the  Dominion  Museum.  It 
was  left  undisturbed,  and  in  three  days’  time  every  trace  of  the  spawn  was 
cleaned  off  the  rock.  , 


Larva  of  Exaireta  spiniger, 
dorsal  aspect. 
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On  the  23rd  January  another  coil  of  spawn  was  laid  on  the  glass  of  the 
same  tank,  and  two  days  later  this  had  been  eaten  by  the  C.  porosus,  which 
was  seen  on  it.  Both  these  spawn-coils  were  from  one-third  to  one-quarter 
of  an  inch  in  height,  so  that  the  C.  porosuv  really  cut  away  and  ate  only 
the  lower  attached  portion,  pieces  of  the  upper  edge  drifting  loose  in  the 
tank. 

The  Occurrence  of  Malaria  in  the  Native  Ground-lark,  by  A.  B.  Dore. 

The  incidence  of  imported  birds  showing  infection  by  malarial  parasites 
being  already  noted,*  the  question  of  infection  in  the  native  birds  requires 
consideration. 

Plasmodium  of  the  G-round -lark  ( Anthus  novae-zealandiae) .  —  The 
infected  bird  was  shot  at  Kimihia,  in  the  Waikato  district,  on  the  5th 
January,  1920.  Blood-films  were  prepared  direct  from  the  heart,  fixed  in 
absolute  alcohol,  and  stained  by  the  Giemsa  method.  The  infection  was 


Plasmodium  of  the  native  ground-lark,  a,  Cell  containing 
two  young  parasites 

exceedingly  light ;  the  average  number  of  parasites  observed  on  a  slide 
did  not  exceed  twenty.  Unfortunately,  only  two  films  were  prepared 
from  the  blood  of  this  bird,  and  so  the  material  for  examination  was 
limited.  The  plasmodia  were  similar  in  appearance  to  those  found 
in  the  imported  song-thrush  ( Turdus  musicus).  The  nuclei  of  the  host 
cells  were  in  every  instance  displaced,  and  the  infected  cells  sometimes 
showed  irregularity  of  staining,  and  on  one  occasion  a  cell  harbouring  a 
temale  gametocyte  was  partly  dehaemoglobinized.  The  nuclei  of  the  para¬ 
sites  were  often  unstained.  As  no  stages  of  schizogony  were  observed, 
it  seems  probable  that  the  bird  was  just  recovering  from  the  infection. 
Nearly  all  the  parasites  encountered  were  either  mature  male  or  female 
gametocytes.  In  one  instance  an  erythrocyte  harboured  two  half-grown 
parasites. 


*This  Journal,  vol.  3,  pp.  10-12,  1920. 
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Measurements  of  host  erythrocytes  : 


Average  Average 

Length.  Breadth. 


Corpuscles 

Nuclei 


11*2  fx  6*5  /x 

5-2  fx  2*5  fx 


Measurements  of  host  erythrocytes  containing  parasites 


Average  Average 

Length.  Breadth. 


Corpuscles 

Nuclei 


12-3  ta  7*3  /x 

4*4  jx  2-5  fx 


Description  of  Six  Successive  Parasites . — (1.)  Oval  in  form  ;  measures 
6*4  fx  X  4*8  fx  ;  protoplasm  pale  blue  ;  nucleus  spherical  and  central  in 
position  ;  eleven  granules  of  melanin  towards  one  end. 

(2.)  Spherical  in  form  ;  measures  6-4  fx  in  diameter  ;  protoplasm  pale 
blue  ;  nucleus  unstained  ;  four  large  granules  of  melanin  at  periphery. 

(3.)  Oval  in  form  ;  measures  6-4  /x  x  4-8  /x  ;  protoplasm  pale  blue  ; 
nucleus  appears  as  small  rod  near  centre  ;  sixteen  scattered  granules  of 
melanin. 

(4.)  Oval  in  form  ;  measures  8  /x  X  6-4  fx  ;  protoplasm  dark  blue  ; 
nucleus  unstained  ;  nine  granules  of  melanin  at  one  end. 

(5.)  Spherical  in  form  ;  measures  3-2  /x  in  diameter  ;  protoplasm  pale 
blue  ;  nucleus  unstained  ;  four  small  granules  of  melanin,  central  in  position. 

(6.)  Oval  in  form  ;  measures  6-4  /x  x  3*2  /x  ;  protoplasm  dark  blue  ; 
nucleus  comprised  of  three  strands,  central  in  position  ;  four  large  granules 
of  melanin  at  one  end. 

It  would  be  interesting  to  ascertain  the  mortality  amongst  native 
birds  from  this  disease.  In  experiments  on  560  canaries  E.  and  E.  T. 
Sergent*  found  that  all  could  be  infected  by  the  bite  of  an  infected  Culex. 
The  incubation  period  was  from  three  to  ten  days,  and  this  was  followed 
by  an  acute  infection  lasting  about  nine  days  and  causing  a  mortality  of 
61*3  per  cent. 

Sanction  has  been  obtained  from  the  Minister  of  Internal  Affairs  to 
shoot  a  limited  number  of  native  birds,  and  possibly  malaria  will  be  found 
in  numerous  species. 

A  type  slide  of  this  parasite  has  been  deposited  in  the  Dominion  Museum 
Wellington. 


OCCULT ATIONS  OF  A  STAR  BY  THE  PLANET 


JUPITER  IN  1920. 


Bv  Arthur  Burnett. 


(Extract  from  Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  80,  No.  1, 

November,  1919.) 

Occultation  of  B.D.  +  17°  2028  magnitude  9.0  by  Jupiter,  1920,  June  7. 
Geocentric  conjunction  in  R.A.,  1920,  June  7,  19  h.  46  m.  G.M.T. 
Declination  of  plane!  +  17°  26'  4"'5. 

Declination  of  star  -j-  17°  26'  17"'4. 

An  occultation  lasting  from  19  h.  G.M.T.  to  20  h.  G.M.T.  should  be  visible 
from  eastern  Australia  and  New  Zealand. 


*  E.  Sergent  and  E.  T.  Sergent,  Malaria  in  Birds  produced  by  Plasmodium 
relictum  (Seu  Proteosoma),  Ann.  de  V Inst.  Pasteur,  vol.  32,  p.  382,  1918. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 

Jubilee  of  the  Otago  Institute. 

The  Otago  Institute  celebrated  the  attainment  of  its  jubilee  by  a  con¬ 
versazione  in  the  University  Buildings,  Dunedin,  on  the  evening  of  the 
11th  November,  1919. 

The  Hon.  G.  M.  Thomson,  President,  received  the  guests  on  arrival, 
and  as  the  various  physical,  chemical,  and  physiological  laboratories  and 
rooms,  and  the  Mining  School,  were  thrown  open  to  them  the  visitors 
spent  two  pleasant  and  profitable  hours  enjoying  the  lecture ttes  and 
demonstrations  provided. 

At  9  o’clock  the  assemblage  gathered  in  the  Allen  Hall,  where  three 
short  addresses  were  delivered. 

The  President  referred  to  the  fact  that  he  had  been  elected  to  the 
position  he  occupied  because  he  was  the  senior  member  on  the  Council, 
having  been  elected  to  a  seat  on  it  in  1876.  The  first  meeting  of  the 
Institute  was  held  on  the  20th  July,  1869,  when  the  President,  Mr.  Justice 
Ward,  delivered  an  address  on  the  natural  resources  of  the  young  colony, 
and  their  development.  The  Institute  started  with  eighty  members,  and 
five  of  that  number  were  still  alive— Messrs.  A.  Bathgate,  D.  Brent,  A.  D. 
Lubecki,  and  John  Ross,  and  Sir  Robert  Stout. 

The  speaker  referred  to  the  fact  that  in  a  new  country  the  whole  trend 
of  research  was  bound  to  be  in  the  direction  of  natural  science,  and  this 
was  the  line  taken  by  most  workers  in  the  Otago  Institute,  as  in  all  the 
other  branches  of  the  New  Zealand  Institute.  He  emphasized  the  fact 
that  of  the  papers  read  in  the  early  days  of  the  existence  of  the  Institute 
some  had  a  direct  bearing  upon  matters  of  commercial  importance,  while 
others  were  purely  scientific,  embodying  research  and  study  undertaken 
solely  for  the  purpose  of  gaining  knowledge.  There  was  no  ulterior  view 
of  money  value  in  such  research.  He  referred  specifically  to  some  of  these. 
There  was  a  tendency  at  the  present  time  always  to  exalt  the  commercial 
aspect  of  things,  and  when  research  was  spoken  about  it  was  largely  said 
that  research  must  take  some  form  that  would  be  beneficial  to  the 
industries  of  the  country.  An  Institute  such  as  theirs  stood  more  for  the 
development  of  pure  science  than  for  the  development  of  applied  science, 
and  the  former  was  studied  con  cimore  and  without  any  idea  of  ulterior 
benefits  to  the  students.  While  a  commercial  spirit  pervaded  everything 
at  the  present  time,  a  great  deal  of  the  best  work  had  come  from  the 
development  of  pure  science.  The  late  Mr.  Maskell’s  work  had  been  done 
solely  for  pleasure,  and  it  was  his  work  that  had  to  be  gone  on  with  in 
attempting  to  cope  with  the  insects  that  destroyed  our  orchards.  He  also 
quoted  Mr.  D.  Miller  in  a  similar  connection.  Mr.  Miller  had  worked  for 
pleasure,  and  his  work  had  had  a  great  effect  upon  the  health  and  wealth  of 
the  community.  ■  They  were  entering  upon  an  age  of  research,  not  by  private 
individuals  only,  but  organized  research,  which  would  be  promoted  by 
the  Government,  and  institutes  such  as  theirs  would  be  asked  to  co-operate 
and  assist.  They  wanted  to  train  up  in  all  the  centres  people  who  would 
be  prepared  to  enter  upon  scientific  research,  and  that  could  not  be  done 
without  assured  finance.  It  was  necessary  that  a  sufficient  sum  of  money 
should  be  set  aside  annually  to  ensure  the  training  of  students,  and  use 
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them  in  a  way  that  would  be  of  benefit  to  the  country.  The  members 
of  the  Institute  could  say  definitely  that  they  had  done  good  work  during 
the  last  fifty  years.  In  educational  work  they  were  not  training  their  young 
people  in  observation  work  as  they  should,  and  he  hoped  that  greater  value 
would  be  placed  upon  the  cultivation  of  observation  in  the  child. 

Mr.  A.  Bathgate,  the  only  original  member  who  was  present,  said  he 
felt  that  he  ought  to  be  labelled  “  Exhibit  A,  specimen  of  the  Otago 
Institute  of  fifty  years  ago.”  The  original  members  had  all  been  young 
men,  but  none  of  them  were  scientifically  trained.  Still,  they  were  men 
of  education  who  had  used  their  powers  of  intellect  and  observation  in 
acquiring  knowledge  of  the  natural  history  of  the  country.  He  referred 
especially  to  the  work  done  by  Messrs.  J.  S.  Webb,  Bobert  Gillies,  and 
A.  H.  Boss. 

The  Hon.  Sir  James  Allen,  who  was  received  with  applause,  said  he  was 
very  pleased  to  be  present  to  congratulate  the  Institute  upon  its  fifty  years 
of  usefulness.  And  might  he  pay  his  respects  to  the  original  member  present  ? 
He  did  not  think  he  should  be  there  as  exhibit  A.  He  (Sir  James)  would 
put  him  down  as  Al.  He  had  listened  to  the  President’s  speech  with  very 
much  interest,  and  he  noted  that  Mr.  Thomson  had  referred  to  the  four 
subjects  which  were  the  original  subjects  of  the  Institute.  Mr.  Thomson 
had  mentioned  art,  and  he  would  call  attention  to  the  fact  that  the  war 
was  over,  and  that  the  time  had  come  for  the  people  of  New  Zealand  to 
set  up  in  the  capital  of  the  country  a  memorial  to  those  who  had  fallen 
and  had  thus  made  the  great  sacrifice.  Whether  they  had  artists  in  New 
Zealand  who  could  produce  a  memorial  design  he  did  not  know,  but  it 
ought  to  be  an  artistic  production  of  the  highest  type.  Then,  might  he  be 
allowed  to  say,  with  regard  to  science,  that  he  quite  agreed  it  would  be 
impossible  to  utilize  science  as  it  should  be  used  for  the  commercial 
interests  of  the  country  without  young  people  devoting  themselves,  in  the 
first  instance,  to  pure  science.  Even  during  the  war-time  their  thoughts 
had  been  directed  to  utilizing  science  because  of  the  extraordinary  develop¬ 
ments  that  had  taken  place  during  the  last  four  or  five  years.  Efforts 
had  been  made  to  cultivate  among  members  of  Parliament  and  members 
of  the  Cabinet  an  interest  in  scientific  development.  They  had  been 
talking  a  great  deal  about  research.  The  question  had  been  discussed 
and  proposals  made.  He  hoped,  now  the  war  was  over,  and  they  had 
settled  down  again  and  the  finances  had  become  more  stable,  that  the 
Government  would  consider  giving  some  assistance  to  scientific  research. 
He  valued  very  much  the  work  done  in  the  early  days  by  the  original 
members  of  the  Institute.  What  gave  one  hope  was  that  those  following 
in  their  footsteps  might  set  up  an  even  more  brilliant  record.  He  hoped 
that  the  influences  that  had  been  amongst  the  people  during  the  last 
fifty  years  of  their  early  development,  which  had  been  so  valuable,  might 
be  with  them  during  the  next  fifty  years. 


Jubilee  of  Otago  University. 

The  celebration  of  the  jubilee  of  the  University  of  Otago,  which  took 
place  during  the  first  week  of  February,  formed  a  very  notable  event  in 
the  educational  life  of  the  Dominion.  The  history  of  the  first  fifty  years 
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of  the  University,  so  well  told  in  Professor  G.  E.  Thompson’s  recently 
published  book,  gives  a  vivid  impression  of  the  enthusiasm  for  learning 
possessed  by  the  men  of  Otago  over  fifty  years  ago,  and  the  manner  in 
which  they  triumphed  over  the  many  difficulties  in  the  path  of  its  attain¬ 
ment.  The  interest  of  the  jubilee  was  greatly  increased  by  the  presence 
at  the  celebrations  of  several  who  were  indeed  seeing  the  fruit  of  their 
labours  in  its  present  prosperity.  Notable  among  these  were  Sir  W.  Fraser, 
who  was  a  member  of  the  Provincial  Council  that  founded  the  University, 
and  Sir  Eobert  Stout,  who  was  the  first  to  enrol  as  a  student  of  the  University, 
and  who  has  ever  since  maintained  an  active  interest  in  its  advancement. 

The  opening  ceremony  was  a  service  in  First  Church  on  Tuesday, 
the  3rd  February,  at  which  an  address  was  given  by  the  Moderator  of .  the 
Presbyterian  Assembly,  himself  an  old  student  of  the  University.  The 
solemnity  was  rendered  tragic  by  the  sudden  death  of  Dr.  Gilray  through 
heart-failure  while  reading  the  second  lesson.  Dr.  Gilray  was  the  Senior 
Professor,  having  for  thirty  years  held  the  Chair  of  English,  and  one 
whose  character  and  influence  upon  university  life  was  wonderfully  in 
tune  with  the  splendid  chapter  (I  Corinthians,  xiii)  that  he  was  reading 
when  the  last  summons  came.  His  death  cast  a  gloom  over  the  rest  of 
the  proceedings. 

On  the  following  day  there  was  a  reception  of  the  delegates  presenting 
addresses  of  congratulation  from  the  universities  of  the  United  Kingdom, 
Canada,  Australia,  and  the  other  University  colleges  in  New  Zealand, 
while  many  other  addresses  were  received  from  universities  which  were 
not  represented  in  person.  Among  the  most  interesting  of  these  were  the 
addresses  from  the  Universities  of  Brussels,  Louvain,  and  Strassburg,  which 
were  read.  The  Chancellor,  Dr.  Cameron,  in  acknowledging  these,  announced 
the  receipt  also,  as  jubilee  funds,  of  amounts  totalling  £14,000,  for  the 
use  of  the  Medical  School,  for  general  scholarships,  and  other  purposes. 
At  a  later  gathering  he  was  able  to  announce  the  receipt  of  two  other 
gifts  of  £1,000  each  from  medical  professors,  in  appreciation  of  the  work 
done  in  that  department  and  for  the  furthering  of  its  interests. 

In  the  evening  of  the  same  day  a  conversazione  was  held  at  the 
University,  many  exhibits  being  displayed  in  the  scientific  departments, 
while  an  interesting  lecturette  was  given  by  Professor  Benham,  F.E.S. 

On  Thursday  morning  the  Hon.  Sir  Robert  Stout  gave  an  address  on 
the  relation  of  education  to  the  community  as  it  was  realized  by  those  who 
founded  our  educational  systems,  and  as  it  must  be  realized  in  the  future 
if  we  work  successfully  towards  the  solution  of  its  many  problems — scientific, 
economic,  and  social. 

The  Hon.  Sir  James  Allen,  in  replying  to  the  toast  of  the  Ministry  and  Par¬ 
liament  at  the  University  dinner  held  the  following  evening,  urged  in  other 
phrases  the  need  for  broad  training  and  education  in  those  who  would  rightly 
lead  the  country,  and  also  the  duty  the  educated  man  owes  to  the  community 
to  take  an  active  interest  in  the  guidance  of  its  public  policy.  Replying  to 
the  same  toast,  the  Hon.  Sir  W.  Fraser  recalled  the  proceedings  in  the  Pro¬ 
vincial  Council  that  founded  the  University,  in  which  he  had  taken  part. 

In  reviewing  the  story  of  the  foundation  of  the  University,  its  early 
difficulties  and  their  gradual  solution,  the  succession  of  notable  men  who 
guided  the  University’s  policy  and  who  taught  in  its  halls,  the  strong 
influence  it  has  had  on  the  life  of  the  community,  and  the  fine  record  of 
the  men  that  have  gone  forth  from  it,  there  is  indeed  grounds  for  com¬ 
mendation  of  the  wisdom  and  faith  of  its  founders;  and  in  its  present 
vigour,  the  number  of  branches  of  learning  in  which  it  gives  instruction. 
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and  the  large  and  rapidly  increasing  body  of  students  there  is  promise 
that  the  University  will  continue  to  serve  the  country  in  the  future  no 
less  worthily  than  it  has  done  in  the  half-century  that  has  just  closed. 


Wellington  Philosophical  Society. 

Natural  History  and  Field  Club  Section. 

t 

History  and  Inception. — Early  in  the  year  1915  a  Field  Naturalists  Club 
was  formed  by  local  enthusiasts,  presided  over  by  Dr.  L.  Cockayne,  and 
many  successful  meetings  and  lectures  were  held  during  two  summer 
sessions.  Chiefly  owing  to  the  European  War,  however,  these1  meetings 
had  to  be  discontinued  in  March,  1916. 

On  the  termination  of  hostilities  it  was  felt  that  these  meetings  and 
excursions  had  been  the  means  of  bringing  together  many  persons  interested 
in  natural  history,  and  it  was  desirable  that  the  club  should  be  revived. 
Dr.  J.  A.  Thomson,  Director  of  the  Dominion  Museum,  made  the  first 
move  by  proposing  at  an  extraordinary  meeting  of  the  Wellington  Philo¬ 
sophical  Society  that  a  Natural  History  and  Field  Club  Section  of  the 
society  be  formed. 

This  proposal  was  carried  into  effect,  and  the  section  was  formed,  with 
Professor  H.  B.  Kirk  as  President  and  Mr.  Gr.  V.  Hudson  and  Dr.  J.  A. 
Thomson  as  Vice-Presidents.  Under  the  auspices  of  the  section  an  interest¬ 
ing  and  instructive  lecture  on  cc  Neuropteroid  Insects  ”  was  delivered  by 
Dr.  It.  J.  Tillyard,  of  Sydney. 

Membership. — All  members  of  the  Wellington  Philosophical  Society  whp 
wish  to  join  may  become  members  of  the  section  without  further  sub¬ 
scription.  By  a  new  rule  of  the  society,  associate  members  may  be  elected 
by  any  section  of  the  society,  and  the  subscription  for  such  membership 
,  is  5s.  per  annum.  This  allows  of  junior  members  joining  a  section  and 
attending  meetings  and  excursions.  They  do  not,  however,  receive  the 
annual  volume  of  the  Transactions  of  the  New  Zealand  Institute.  The 
number  of  members  who  have  joined  as  associates  of  this  section  seems  to 
have. justified  the  new  departure. 

Excursions  and  Lectures. — With  the  common  object  of  promoting  the 
study  of  natural  history,  a  series  of  field  excursions  and  lectures  have  been 
arranged.  Excursions  will  be  held  during  the  summer  months,  and  lectures 
and  discussions  will  occupy  the  winter  evenings. 

Already  four  field  excursions  have  taken  place,  and  the  attendance  has 
been  encouraging.  Crow’s  Nest  Bush,  Wilton’s  Bush,  Silverstream  Valley, 
and  the  rock-pools  at  Island  Bay  have  all  been  visited  and  collections  made 
of  specimens  found  in  the  vicinity.  At  each  excursion  a  leader  with  some 
special  knowledge  of  the  locality  and  its  features  has  taken  charge  of  the 
party  and  identified  specimens  or  imparted  knowledge  to  those  interested. 

Besides  giving  healthful  recreation  to  the  body,  these  excursions  promote 
the  dissemination  of  useful  knowledge  that  cannot  always  be  obtained  from 
a  text-book.  The  social  aspect  of  the  case  is  worthy  of  consideration,  as 
one  meets  with  kindred  spirits  who  are  ever  ready  to  help  in  the  problems 
that  need  solution. 

It  is  to  be  hoped  that  this  section  will  receive  the  support  of  all  local 
enthusiasts.  Any  person  wishing  to  join  as  an  associate,  on  communicating 
with  the  Honorary  Secretary,  Mr.  H.  Hamilton,  Dominion  Museum,  will 
receive  all  particulars  as  to  excursions,  &c. 
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SCIENTIFIC  RESEARCH  IN  NAVAL  MATTERS. 

For  more  convenient  reference,  we  reproduce  here  the  section  of  the 
report  of  Admiral  of  the  Fleet  Viscount  Jellicoe  on  the  Naval  Mission  to 
the  Dominion  of  New  Zealand  which  relates  to  scientific  research.  It 
appeared  in  N.Z.  Parliamentary  Paper  A.-4,  1919,  Chapter  IV,  section  M, 
pp‘  49-50. 

(M)  Organization  of  Scientific  Research. 

1 .  It  is  very  necessary  that  the  fullest  use  should  be  made  by  naval  officers 
of  the  advances  of  science. 

A  copy  of  an  Admiralty  Memorandum  of  31st  December,  1918,  on 
“  Organization  of  Scientific  Research  and  Experiment,”  is  appended. 

2.  It  is  recommended  that  the  Admiralty  should  be  asked  to  keep  the 
New  Zealand  Naval  Board  advised  as  to  the  progress  made  by  the  Scientific 
Research  and  Experiment  Department.  It  is  also  recommended  that  an 
organization  on  similar  lines  should  be  provided  in  New  Zealand  when 
practicable. 

From  the  existing  New  Zealand  Institute,  which  has  technological' 
sections  and  which  can  undertake  investigation  in  general  physical  and 
chemical  problems,  a  nucleus  of  a  Naval  Scientific  and  Research  Department 
could  be  formed. 

A  number  of  the  best  scientists  should  be  selected  to  form  the  Depart¬ 
ment,  under  the  presidency  of  the  C.N.S.,  New  Zealand  Naval  Board. 
A  scientist  of  wide  experience  should  be  appointed  as  Vice-President. 

3.  A  Department  so  constituted  should  be  supplied  by  the  Admiralty 
with  confidential  publications  and  information,  and  should  keep  in  touch 
with  the  Scientific  Research  and  Experiment  Department  of  the  Admiralty, 
otherwise  overlapping  will  occur. 

4.  In  the  first  instance  the  work  of  the  scientists  of  the  proposed 
Scientific  Research  and  Experiment  Department  of  the  New  Zealand 
Division  of  the  Royal  Navy  might  be  carried  out  at  Victoria  University 
College,  Wellington. 

5.  Until  the  proposed  Department  conies  into  being,  the  C.N.S.,  New 
Zealand  Naval  Board,  should  personally  keep  in  constant  touch  with  the 
Admiralty  (Scientific  Research  and  Experiment  Department),  bringing 
forward  for  investigation  problems  demanding  attention. 

[Enclosure  to  Chapter  IV,  Section  M.] 

Organization  of  Scientific  Research  and  Experiment. 

1.  The  following  have  been  approved  as  the  general  lines  on  which  scientific 
research  and  experiment  for  naval  purposes  will  be  organized  after  the  war  : — 

2.  The  Board  of  Invention  and  Research,  with  its  Central  Committee  and  Panel 
will  be  dissolved  as  from  the  1st  January  next,  as,  in  view  of  the  termination  of  hostilities, 
the  Admiralty  no  longer  feel  justified  in  availing  themselves  regularly  of  the  services 
of  the  distinguished  scientists  belonging  to  the  Board. 

3.  The  present  Director  of  Experiments  and  Research,  and  the  Deputy  Director 
of  Experiments  and  Research,  will  be  released  from  Admiralty  service  as  from  the  1st 
January  next,  the  circumstances  in  which  they  consented  to  give  their  valuable  services 
having  now  ceased  to  exist. 

4.  The  Department  of  Experiments  and  Research  will  thereafter  be  known  as  the 
Scientific  Research  and  Experiment  Department  (short  title  “  S.R.E.  Department 
and  will  include  as  part  of  its  organization -the  Admiralty  Central  Research  Institution 
(when  the  scheme  for  that  institution  is  proceeded  with),  and  the  Shandon  Experimental 
Station. 
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5.  Professor  J.  C.  McLennan,  E.R.S.,  will  act  as  the  head  of  this  department,  with 
the  title  of  Scientific  Adviser  to  the  Admiralty  (short  title  “  S.C.A.”),  and  he  will  com¬ 
bine  with  this  office  the  directorship  of  the  Admiralty  Central  Research  Institution. 

6.  In  view  of  the  great  importance  of  ensuring  that  naval  policy  and  scientific 
research  do  not  proceed  under  divergent  lines,  the  Scientific  Research  and  Experiment 
Department  will  be  placed  under  the  superintendence  of  the  C.N.S.,  and  will  work  in 
close  association  with  the  Plans  Division  of  the  Naval  Staff. 

7.  On  the  experimental  side,  however,  its  work  will  necessarily  in  the  main  come 
within  the  sphere  of  the  Controller  as  Chief  of  the  Naval  Materiel,  and  the  Scientific 
Adviser  will  accordingly  be  responsible  to  the  Controller  for — 

(a.)  Advising  as  to  the  programme  of  experimental  work  to  be  undertaken,  and  as 
to  proposals  for  experimental  work  generally  : 

(6.)  Allocation  of  all  funds  provided  for  experimental  work  under  the  Scientific 
Adviser’s  direction  : 

(c.)  The  efficienc}^  of  the  organization  for  research  and  experimental  purposes  of 
the  Central  Research  Institution  and  Experimental  Stations  : 

(cl.)  The  progress  of  experimental  work  generally  : 

(c.)  Recommendations  for  appointment  of  civilian  scientific  staff  at  all  Admiralty 
establishments  where  experimental  work  is  undertaken. 

8.  Selected  naval  officers  will  be  included  on  the  staff  of  the  Scientific  Reseach 
and  Experiment  Department,  the  Central  Research  Institution,  and  the  Experimental 
Stations,  and  the  policy  adopted  throughout  the  last  year  of  securing  the  close  asssociation 
of  the  Naval  Officer  and  the  Scientist  in  research  and  experimental  work  will  continue 
to  be  followed. 

9.  Correspondence  with  outside  inventors  in  regard  to  inventions  will  be  dealt  with 
by  a  small  Naval  and  Secretarial  Staff  attached  to  the  Scientific  Research  and  Experi¬ 
ment  Department,  in  the  same  manner  as  hitherto  by  the  B.I.R. 

10.  The  temporary  Experimental  Stations  at  Parkeston  Quay,  Dartmouth,  Portland, 
Wemyss  Bay,  Stratford,  and  Malta  will  be  closed  down  as  soon  as  the  necessary  arrange¬ 
ments  can  be  made,  and  Shandon  will  become  the  main  Experimental  Station,  Hawkcraig 
being  also  retained  for  dealing  with  special  problems  as  may  be  decided  by  the  S.C.A. 

11.  A  further  notification  will  be  made  as  to  the  personnel  of  the  Scientific  Research 
and  Experiment  Department. 

81st  December,  1918. 


REVIEWS  AND  ABSTRACTS. 

Recent  Foraminifera  from  off  New  Zealand,  by  Joseph  A.  Cushman, 
Proc.  U.S.  Nat.  Mus .,  vol.  56,  pp.  593-640,  1919. 

Some  time  ago  a  collection  of  Foraminifera  from  dredgings  taken  off 
the  Poor  Knights  Islands  was  sent  to  the  National  Museum,  Washington, 
by  R.  L.  Mestayer,  Wellington.  It  has  proved  an  interesting  collection, 
containing  six  new  species  and  varieties,  and  several  rare  species  previously 
recorded  as  obtained  from  near  New  Zealand  by  the  “  Challenger.” 

Mr.  Cushman  says,  “  A  study  of  this  material  shows  that  the  general 
distribution  is  that  of  the  Indo-Pacific  region.  Some  specimens  recorded 
by  Heron- Allen  and  Earland  from  the  Kerimba  Archipelago  are  found  as 
far  to  the  south  and  east  as  this  region.  Others  are  the  same  as  those 
already  recorded  from  southern  Japan,  the  Hawaiian  Islands,  the  Philip¬ 
pines,  the  Malay  Archipelago,  &c.  In  general,  this  seems  to  be  a  very 
well-defined  faunal  area,  and  it  is  probable  that  many  of  the  species  found 
here  are  limited  to  this  general  region.” 

Two  plates  accompany  the  paper,  figuring  the  new  species  and  four 
other  interesting  forms.  The  new  species  are  Technitella  mestayeri, 
Hyperammina  mestayeri ,  Tolypammina  horrida,  Ammodiscus  mestayeri, 
Reophax  spiculifera  var.  pseudodistans,  and  Reophax  advena.  The  other 
species  figured  are  Nouria  polymorphinoides  Heron- Allen  and  Earland  (the 
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type  of  which  was  from  this  same  dredging),  Psammosphaera  parva  Flint, 
Nubecularia  bradyi  Millett,  and  two  figures  of  Fischerina  pellucida  Millett. 

From  this  collection  it  has  been  possible  to  decide  that  a  species  known 
as  Textularia  inconspicua  H.  B.  Brady  really  belongs  among  the  Botaliidae 
in  the  genus  Discorbis.  Another  interesting  form,  of  which  there  are 
two  specimens,  is  a  Cornuspira  species  ?  It  is  compared  with  C.  lacunosa 
H.  B.  Brady,  from  which,  however,  it  differs  in  several  characteristics. 

The  paper  shows  that  a  considerable  amount  of  work  still  remains  to 
be  done  on  the  New  Zealand  Foraminifera.  M.  K.  M. 

Seasonal  Variations  in  the  Composition  of  the  Milk  comprising  the 
Wellington  City  Milk-supply,  by  B.  L.  Andrew,  52nd  Ann.  Rep. 
Bom.  Lab.,  pp.  61-62,  Wellington,  1919, 

In  a  paper  published  as  an  appendix  to  the  Annual  Report  of  the  Dominion 
Laboratory  two  interesting  graphs  (reproduced  herewith)  are  given  of  the 
seasonal  variation  in  the  composition  of  the  milk  supplied  for  domestic 
use  in  Wellington.  They  are  based  on  analyses  made  in  the  years  1917 
and  1918. 


For  comparison  the  monthly  averages  found  by  the  Aylesbury  Dairy 
Company,  London,  for  the  period  1897-1913  are  also  plotted,  comparison 
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being  facilitated  by  plotting  the  London  figures  not  for  the  actual  months 
but  for  the  corresponding  New  Zealand  months  — the  July  figures  for 
January,  and  so  on. 

Jan.  Feb.  Mar.  Apl.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec  • 


The  cause  of  the  marked  fluctuations  in  the  curves  for  1917  is  at  present 
unexplained.  The  monthly  meteorological  records  do  not  furnish  any 
evidence  that  the  variation  in  the  quality  of  the  milk  was  due  to  sudden 
changes  in  the  weather. 

The  figures  for  1917  and  1918  indicate  that  the  best  milk  is  obtained 
in  the  autumn,  and  the  poorest  in  the  early  spring  C.  A.  C. 

•*> 

Titaniferous  Ironsands  of  New  Zealand.  Paper  read  by  Y.  W.  Aubel, 
Assistant  Blast-furnace  Superintendent  of  the  Clairton  Works  of  the 
Carnegie  Steel  Company,  at  the  September,  1919,  meeting  of  the 
American  Institute  of  Mining  and  Metallurgical  Engineers. 

This  paper  opens  with  a  rather  crude  account  of  the  location  and  extent 
of  the  ironsand  deposit  (the  accompanying  map  is  delicious),  and  touches 
somewhat  sketchily  the  history  of  the  attempts  to  work  them.  The  most 
interesting  statement  is  the  smug  conclusion  that  “  the  operations  of  some 
of  these  wild-cat  companies  have  caused  considerable  prejudice  against 
this  material.'’  The  author  then  proceeds  ( Absit  omen !)  to  deal  with  the 
latest  attempts  by  the  New  Zealand  Iron-ore  Smelting  and  Manufacturing 
Company  of  1914-19.  The  ferro-coke  process  is  dismissed  with  righteous 
scorn :  “  The  iron  produced  was  very  inferior.  Such  a  process  has  little 
to  recommend  it  from  a  metallurgical  point  of  view,  and  it  is  not  surprising 
that  it  was  abandoned.”  The  later  attempts  to  smelt  in  a  hot-blast  furnace 
are  treated  more  sympathetically,  as  might  be  expected  from  Clairton,  Pa. 

The  absence  of  free  ilmenite  is  pointed  out,  with  the  consequent  im¬ 
possibility  of  separating  the  titanium  by  magnetic  or  other  concentration, 
and  the  experiments  and  analyses  quoted  seem  conclusive  on  this  point. 
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The  final  treatment  adopted  is  very  clearly  described :  “  The  sand  was 
loaded  from  the  beach  into  small  side-tipping  narrow-gauge  trucks  ;  fed  by 
bucket  elevator,  &c.  .  .  .  and  stored  for  smelting  in  the  blast  furnace  ” 

(see  pp.  2087-88).  The  roasting-furnace  consisted  of  a  revolving  grate, 
whose  speed  determined  the  output  and  temperature,  on  which  raw  eggettes 
and  a  little  coke-breeze  were  charged  and  partly  burnt  or  “  carbonized  ” 
by  the  blast  from  a  Roots  blower.  Its  success  depended  on  the  temperature 
being  kept  down  to  a  red  heat,  otherwise  fusion  took  place  and  large  lumps 
formed,  and  the  resulting  eggettes  were  hard  and  slightly  porous.  The 
blast  furnace,  45  ft.  high  and  9  ft.  diameter  at  the  bosh,  was  blown  by 
a  24  in.  Connersville  blower,  driven  by  a  70h.p.  vertical  engine.  Thu  hot- 
blast  stove  was  40  ft.  long,  10  ft.  wide  and  14  ft.  high,  with  twenty-four 
10  in.  U  pipes. 

Slag-forming  material  was  used,  in  the  shape  of  a  local  volcanic  siliceous 
rock  containing  53  per  cent.  Si02,  20  per  cent.  A1203,  8  per  cent.  CaO, 
6*6  per  cent,  alkalies,  and  8  per  cent.  Fe203.  The  final  burden  or  charge 
arrived  at  was  1,000 lb.  coke  (Westport),  1,8001b.  eggettes,  4481b.  limestone, 
and  2701b.  silica  rock.  The  accretion  of  titanium  in  the  hearth  was  soon 
apparent,  and  in  the  best  run  of  eleven  days  the  tapping  of  slag  and  iron 
together  from  a  hole  at  the  same  level  as  the  slag-notch  was  resorted  to  on 
the  eighth  day.  White  iron  was  obtained  on  the  sixth,  seventh,  and  eighth 
days,  but  after  the  high  tap-hole  was  cut  the  iron  turned  grey  and  good 
iron  resulted.  On  the  ninth  day  the  supply  of  eggettes  failed,  and  raw 
beach  sand  was  used  in  place  of  the  prepared  material.  No  difference  in 
the  working  of  the  furnace  was  noted,  and  those  in  charge  anticipated  no 
difficulty  in  running  right  along  with  the  raw  sand.  Further  efforts  along 
these  lines  are  to  be  made,  and  preparations  are  under  way  for  a  more 
extended  run.  Some  tests  of  the  pig  are  appended,  which  would  show  that 
the  iron  was  tough  and  strong,  if  only  the  author  had  been  able  to  give 
the  important  figure  of  the  length  between  bearing-points  of  the  bars  tested. 
However,  with  a  touching  faith  in  the  practical  man,  Mr.  Aubel  assures 
us  that  the  “  men  who  represented  the  New  Zealand  Railways  Department 
and  who  tested  these  bars  were  unanimous  "  in  their  praise. 

'  Note. — -This  paper  is  written  in  a  less  scientific  manner  than  that  of 
Mr.  Heskett  published  in  this  issue,  but  the  mechanical  details  are  more 
fully  described,  and  it  is  therefore  a  welcome  addition  to  our  knowledge  of 
these  experiments.  It  is  unfortunate  that  the  attempts  were  made  along 
such  unpromising  (to  speak  politely)  lines  as  the  ferro-coke  and  sodium- 
silicate  briquette  processes,  but  the  sintering  or  carbonizing  of  the  ore  would 
probably  lead  to  commercial  results  if  the  accretion  of  titanium  could  be 
prevented.  The  charging  of  raw  beach  sand  into  the  blast  furnace  is  surely 
only  possible  with  very  small  outputs  and  large  coke  burden,  and  does  not 
promise  any  commercial  success.  It  is  satisfactory  to  note  that  Mr.  Heskett 
ignores  this  portion  of  the  experiments,  and  his  counsel  for  future  experi¬ 
ment  is  saner  than  Mr.  Aubel’s.  The  accretion  of  titanium  was  referred  to 
in  the  discussion  in  Chicago  by  Mr.  F.  E.  Bachman,  who  claimed  that  it 
can  be  prevented  by  the  use  of  oxidizing  materials — say,  iron  oxide  in  the 
form  of  fine  ore  or  scale — fed  into  the  tuyeres  during  casting  or  immediately 
after.  The  calcium  sulphide  is  liquidized  and  the  titanium  carbide  oxidized 
with  evolution  of  heat.  The  experience'  of  Mr.  Bachman  at  Port  Henry 
gives  weight  to  any  advice  he  proffers.  S.  H.  J. 
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NITROGENOUS  MANURES  IN  NEW  ZEALAND. 

The  Proposed  Utilization  of  the  West  Coast  Sounds  for 

their  Manufacture. 

By  E.  Parry,  B.Sc.,  M.Inst.C.E.,  M.I.E.E. 

Introduction. 

The  following  opinions  and  observations  on  the  subject  of  nitrogenous 
fertilizers  were  submitted  in  1917,  at  the  invitation  of  the  Chairman  of  the 
National  Efficiency  Board.  Attention  has  been  called  to  the  suitability  of  the 
West  Coast  Sounds  for  carrying  on  electro -chemical  or  electro -metallurgical 
works  on  a  large  scale.  Milford  Sound  was  instanced  as  an  example  of 
a  deep-water  harbour  with  water-power  in  the  vicinity  which  could  be 
cheaply  developed,  and  where  a  plant  could  be  established  for  the  manu¬ 
facture  of  nitrogenous  fertilizers,  either  by  the  Government  or  by  a 
company  utilizing  the  Bowen  Falls  under  license. 

The  proposition  opens  out  a  wide  field  of  inquiry,  and  an  adequate 
treatment  of  the  subject  involves  an  inquiry  into  the  demand  for  this 
class  of  fertilizer  and  the  extent  of  the  market,  also  an  inquiry  into  the 
existing  sources,  their  adequacy  to  meet  the  demand,  and  the  amount  of 
competition  from  present  sources  as  well  as  from  prospective  sources.  An 
attempt  is  made  in  the  present  report  at  a  comprehensive  survey  of  the 
situation  with  a  view  to  providing  reliable  guidance  to  the  Government 
in  any  action  which  it  may  take  in  the  matter. 

Comparative  Cost  of  Water-power  Development  in  Norway  and  in 

New  Zealand. 

The  statement  that  there  exist  in  the  western  fiords  and  sounds  of 
Otago  large  water-power  sources  which  can  be  cheaply  developed,  and 
situated  alongside  deep-water  harbours,  is  almost  self-evident.  The  more 
important  of  these  were  dealt  with  by  the  lat?  Mr.  P.  S.  Hay  in  a 
comprehensive  and  masterly  report  entitled  “New  Zealand  Water-power,” 
presented  to  both  Houses  of  Parliament,  and  dated  16th  September,  1904. 
The  Bowen  Falls  have  been  cited  as  an  example.  These  falls  are  referred 
to  on  page  29  of  Mr.  Hay’s  report,  but  no  particulars  are  given,  The 

9 — Science. 
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main  point,  however,  is  not  whether  this  particular  fall  will  yield  the 
power  and  can  be  developed  for  the  amount  estimated,  but  that  there 
exist  several  power-sources  of  considerable  magnitude  conveniently  situated 
in  the  neighbourhood  of  deep-water  harbours,  which  can  be  cheaply 
developed.  I  do  not  think,  however,  we  should  be  justified  in  assuming 
that  the  cost  of  development  of  any  of  these  would  be  less  than  the  cost 
of  development  of  some  of  the  Norwegian  water-powers.  Power  on  a 
large  scale  of  100,000  horse-power  or  thereabout  in  the  Norwegian  fiords 
is  reputed  to  cost  only  16s.  per  liorse-power  per  annum,  as  compared  with 
a  loca  estimate  of  15s.  per  horse-power  per  annum  from  the  Bowen  Falls. 
I  am  of  the  opinion  that  the  former  is  understated  and  the  latter  under¬ 
estimated.  However,  the  point  under  discussion  is  not  whether  the 
figures  given  are  below  the  actual  in  one  case  and  below  what  is  probable 
in  the  other,  but  that  New  Zealand  sounds  have  no  material  advantage 
over  the  Norwegian  fiords  in  the  matter  of  the  cost  of  development  of 
their  water-power  sources.  If  such  a  superiority  exists  as  the  result  of 
natural  configuration,  which  I  doubt,  it  will  be  more  than  counterbalanced 
by  the  additional  labour-cost  and  the  extra  cost  of  machinery.  In  any 
case  it  cannot  be  affirmed  that  in  the  fiords  of  Norway,  where  water-power 
is  being  utilized  for  the  manufacture  of  nitrates  from  the  air,  the  hydraulic 
development  is  much  more  expensive  owing  to  the  configuration  of  the 
country  than  would  be  the  case  in  the  West  Coast  Sounds. 

The  Australian  Market  for  Nitrogenous  Fertilizers. 

It  is  assumed  or  implied  by  supporters  of  the  proposal  to  manufacture 
nitrogenous  fertilizers  in  New  Zealand  that  there  is  a  good  prospective 
market  for  these  commodities  in  New  Zealand  and  Australia.  The  fact 
is  that  the  demand  for  this  class  of  fertilizer  is  remarkably  small  in  both 
countries,  both  in  an  absolute  sense  and  relatively  to  the  demand  for 
phosphates  and  potash.  In  1914  the  total  quantity  of  artificial  fertilizers 
imported  into  New  Zealand  amounted  to  122,754  tons,  the  declared  value 
being  £394,192.  Out  of  this  the  total  quantity  of  nitrogenous  manures 
amounted  to  only  1,191  tons,  valued  at  £15,747.  Likewise  in  1913  the 
total  quantity  of  artificial  fertilizers  imported  into  Australia  was  202,815 
tons,  valued  at  £587,412,  of  which  only  3,351  tons,  valued  at  £37,390, 
consisted  of  nitrogenous  material.  Adding  both  together  we  have  4,542 
tons  of  nitrogenous  fertilizer  out  of  a  total  of  325,567  tons,  or  a  proportion 
of  less  than  one-seventieth.  This  disparity  is  due  in  part  to  the  com¬ 
paratively  small  proportion  of  wheat  or  grain  land  to  pastoral  land,  and 
possibly  in  part  to  the  natural  properties  of  New  Zealand  and  Australian 
soils  ;  and  on  this  point  the  Department  of  Agriculture  should  be  consulted. 
The  facts  are  that  the  present  market  is  a  small  one,  and  the  huge 
preponderance  of  phosphate  manures  seems  to  point  towards  the  conclusion 
that  nitrates  are  not  such  a  vital  necessity  to  this  country  at  the  present 
time.  It  may,  however,  be  alleged  that  the  price  of  Chile  nitrate,  by 
which  the  price  of  all  other  nitrogenous  stuff  is  regulated,  is  too  high  for 
general  use  in  New  Zealand  ;  but  this  in  turn  is  due  to  the  small  demand, 
which  in  1914  amounted  to  only  436  tons.  In  spite  of  the  small  demand, 
however,  the  f.o.b.  prices  in  New  Zealand  compare  favourably  with  the 
f.o.b.  prices  in  Liverpool,  where  deliveries  are  made  on  a  huge  scale. 
Nevertheless,  the  declared  value  in  New  Zealand  in  1914  was  £11  15s., 
compared  with  f.o.b.  prices  in  Liverpool  which  usually  vary  between  £9 
and  £10  per  ton  ;  so  that  the  price  of  Chile  nitrate  cannot  be  regarded  as 
excessive,  especially  having  regard  to  the  small  quantity. 
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The  present  demand  for  nitrogenous  fertilizers  being  small  and  easily 
satisfied  from  natural  sources,  it  remains  to  inquire  into  future  prospects 
of  an  increased  demand.  This  is,  however,  outside  the  scope  of  the 
present  report,  and  in  any  case,  assuming  a  large  development  in  grain- 
production  and  a  consequent  big  demand  for  nitrogenous  fertilizers,  it  still 
remains  a  question  as  to  whether  artificial  nitrogenous  manures  produced 
in  the  form  contemplated  can  compete  with  Chile  nitrate  and  other  nitro¬ 
genous  forms. 

Principal  Sources  of  Nitrogenous  Fertilizers. 

In  order  to  readily  appreciate  the  relative  importance  of  the  various 
nitrogenous  fertilizers  it  is  necessary  to  have  regard  to  the  world’s  output 
and  the  use  of  the  different  fertilizers  of  the  nitrogenous  class.  The 
world’s  output  in  1913  was  as  follows  : — 


Metric  Tons. 

Equivalent 

NaN03. 

Equivalent 

Nitrogen. 

Per  Cent, 
of  Total 
Quantity. 

Chile  saltpetre 

2,740,000 

2,740,000 

425,000 

65-0 

Ammonium  sulphate 

1,365,000 

1,740,000 

270,000 

32-4 

Calcium  cyanamide 

80,000 

81 , 000 

12,550 

1-9 

Calcium  nitrate 

30,000 

24,650 

3,825 

.  0-7 

Totals 

4,215,000 

4,585,650 

711,375 

100-0 

On  regarding  the  above  table  it  will  be  seen  that  65  per  cent,  of  the 
world’s  output  of  nitrogenous  fertilizer  is  provided  from  the  natural 
deposits  of  sodium  nitrate  in  Chile  ;  32‘4  per  cent,  is  provided  in  the 

form  of  ammonium  sulphate  obtained  as  a  by-product  from  illuminating- 
gas  works  and  coke-ovens  ;  1-9  per  cent,  is  obtained  in  the  form  of  calcium 
cyanamide  prepared  by  passing  atmospheric  nitrogen  over  calcium  carbide 
which  is  first  formed  in  the  electric  furnace  ;  and  0-7  per  cent,  is  obtained 
in  the  form  of  calcium  nitrate  obtained  by  the  addition  of  nitric  acid  to 
limestone,  the  nitric  acid  being  obtained  in  turn  from  nitrous  oxides  fixed 
by  the  electric  arc.  It  will  be  seen  that  the  proportion  of  nitrogenous 
fertilizer  prepared  and  supplied  by  these  two  processes  when  added  together 
only  amounts  to  2*6  per  cent,  of  the  whole  of  the  world’s  output.  These 
processes,  therefore,  cannot  be  regarded  as  being  of  vital  importance  to 
the  world  in  general  from  the  point  of  view  of  the  production  of  fertilizers, 
although  they  are  of  vital  importance  in  other  respects. 

Other  methods  of  fixing  atmospheric  nitrogen  have  been  developed  in 
Germany  since  the  outbreak  of  the  war,  but  it  is  not  known  whether 
these  processes  can  be  profitably  conducted  for  the  production  of  fertilizers 
under  normal  conditions, 

Chile  Nitrate. 

Sodium  nitrate,  or  Chile  nitrate,  occurs  mixed  with  sodium  chloride,  and 
in  a  lesser  degree  with  sulphates  of  soda,  lime,  and  magnesia,  and  nitrates 
of  soda,  potash,  lime,  and  magnesia,  together  with  some  iodine  compounds. 
The  nitrates  are  separated  by  crystallization  from  the  chlorides,  and  yield 
a  commercial  product  which  is  94  per  cent,  nitrate  of  soda.  The  output 
in  1913  amounted  to  2,740,000  tons,  and  the  demand  for  it  is  steadily 
increasing.  In  view  of  this  an  early  depletion  of  the  deposits  has  been 


132  The  N.Z.  Journal  of  Science  and  Technology.  [Sept. 

predicted,  and  it  lias  been  asserted  that  they  will  become  exhausted  in 
1921.  According,  however,  to  the  report  of  the  Inspector-General  of 
Nitrate-grounds  to  the  Chilian  Government,  the  area  of  the  nitrate-bearing 
deposits  covers  78,000  square  miles.  Out  of  this  whole  an  area  of  only 
2,270  square  miles  has  been  proved,  and  it  is  estimated  that  there  is 
enough  payable  deposit  within  this  proved  area  to  last  over  two  hundred 
years  at  the  present  rate  of  consumption  and  with  the  present  methods 
of  production — which  methods,  however,  are  known  to  be  wasteful,  whilst 
valuable  by-products  are  thrown  away.  There  is  no  doubt  that  in  course 
of  time  improved  methods  will  be  introduced  by  which,  in  all  probability, 
a  greater  proportion  of  the  nitrate  will  be  extracted,  and  in  which  the  by¬ 
products  will  be  better  utilized.  Possibly  also  the  improved  methods  may 
enable  the  thinner  layers  to  be  worked  and  so  extend  the  area  of  payable 
deposits.  In  view  of  this  there  does  not  appear  to  be  any  justification 
for  the  assertion  that  the  deposits  are  being  rapidly  exhausted.  A  correct 
appreciation  of  the  Chilian  nitrate  situation  is  absolutely  necessary  in  order 
to  assess  the  value  of  any  project  having  for  its  object  the  production  of 
artificial  nitrates,  for  Chile  nitrate  is  the  standard  of  value  for  nitrogen, 
and  regulates  the  price  of  any  other  compound  of  nitrogen  according  to 
its  nitrogen  content.  It  absolutely  controls  the  situation  as  regards  nitro¬ 
genous  fertilizers,  as  it  may  be  used  in  its  natural  form.  It  also  has  an 
important  bearing  upon  other  forms  of  nitrogenous  compounds  which  may 
be  derived  from  the  natural  form  by  chemical  reaction,  though  it  is  at  a 
disadvantage  in  regard  to  many  of  them  because  of  the  cost  of  conversion. 

Recovery  of  Nitrogen  from  Coal. 

Next  to  Chile  nitrate  in  importance  is  the  production  of  ammonium 
sulphate,  the  world’s  production  in  1913  being  1,365,000  tons — -approxi¬ 
mately  one -half  the  output  of  Chile  nitrate.  Ammonium  sulphate  is 
obtained  as  a  by-product  from  gasworks,  coke-ovens,  and  producer-gas 
plants.  This  production  is  continually  on  the  increase,  due  to  extensions 
of  gas  plants  and  by-product  coke-ovens  and  the  introduction  of  producer- 
gas  plants.  It  is  calculated,  for  instance,  that  the  by-product  coke-ovens 
in  the  United  States  are  now  producing  at  the  rate  of  200,000  tons  of 
ammonium  sulphate  per  year,  and  that  in  three  years’  time  this  output  will 
be  doubled  as  a  result  of  the  increase  in  the  manufacture  of  coke  and  the 
abandonment  of  the  older  type  of  coke-ovens  in  which  the  by-products 
were  lost.  This  does  not  take  into  account  increases  from  gasworks  or 
from  gas-producer  plants,  the  latter  being  able,  owing  to  the  nature  of 
the  process,  to  recover  a  much  greater  proportion  of  ammonia. 

The  recovery  of  ammonia  as  a  by-product  from  the  distillation  of  coal 
is  not  always  a  profitable  process,  as  it  has  to  compete  with  Chile  nitrate 
on  the  basis  of  its  nitrogen  contents.  And  as  the  ammonia  has  to  be 
fixed  in  the  form  of  ammonium  sulphate  for  the  market,  the  cost  of 
production  depends  upon  the  price  of  sulphuric  acid,  and  if  this  cannot 
be  obtained  at  a  low  rate  the  cost  of  producing  ammonium  sulphate  is 
frequently  such  as  to  leave  a  very  small  margin  for  profit,  if  any,  and  in 
many  cases  the  expense  of  recovering  the  ammonia  is  too  great,  and  the 
liquor  is  thrown  away. 

In  order,  therefore,  to  obtain  a  correct  appreciation  of  the  value  of  a 
plant  for  the  fixation  of  atmospheric  nitrogen  it  is  necessary  to  have  regard 
not  only  to  the  Chile  nitrate  situation,  but  also  the  production  of  ammonia 
as  a  by-product  from  the  distillation  of  coal. 
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Electro-chemical  Methods  of  Fixing  Atmospheric  Nitrogen. 

Excluding  the  Haber,  the  Hauser,  and  the  Serpek  processes,  which  only 
use  electricity  in  a  subsidiary  manner,  either  for  firing  an  explosive  mixture 
or  else  for  heating  a  catalyser,  the  two  principal  methods  which  are 
primarily  dependent  on  electrical  energy  are  the  electric-arc  method  and 
the  calcium-carbide  method.  In  the  case  of  the  latter,  calcium  and  carbon 
are  brought  into  combination  in  an  electric  furnace.  The  resulting  product 
is  calcium  carbide,  for  which  there  is  a  large  market.  A  part  of  the 
product  is  converted  into  calcium  cyanamide-  by  passing  atmospheric 
nitrogen  over  the  heated  carbide,  which  is  an  economical  process,  as  the 
reaction  is  exothermic.  The  calcium  cyanamide  serves  in  turn  for  the 
production  of  ammonia  by  passing  steam  over  the  cyanamide,  whereby 
ammonia  is  obtained  in  an  exceptionally  pure  form  as  compared  with  by¬ 
product  ammonia.  The  ammonia  can  in  turn  be  oxidized  by  the  Ostwald 
or  similar  process  into  nitric  acid,  and  although  this  latter  process  has 
been  conducted  on  a  commercial  scale  it  is  doubtful  whether  it  is  a  com¬ 
mercially  successful  process.  A  point  to  be  observed  is  that  the  primary 
product,  calcium  carbide,  is  a  marketable  commodity  and  practically  com¬ 
mands  the  market  ;  also  that  by  a  secondary  process  calcium  cyanamide 
is  formed,  which  yields  a  fertilizer  of  exceptional  value  ;  nevertheless  the 
price  of  cyanamide  is  entirely  regulated  bv  the  price  of  Chile  nitrate,  and 
the  whole  process  is  not  by  any  means  to  be  regarded  as  primarily  a 
process  for  manufacturing  a  nitrogenous  fertilizer.  The  measure  of  success 
is  due  to  the  fact  that  several  products  are  obtainable  which  command 
high  prices,  and  that  the  fertilizer  only  serves  to  regulate  production  and 
to  neutralize  the  effect  of  market  fluctuations  in  the  price  of  the  staple 
products.  A  plant  for  the  manufacture  of  calcium  carbide  requiring  5,000 
horse-power  is  in  course  of  erection  in  North-west  Bay,  near  Hobart, 
Tasmania,  which  is  intended  to  supply  the  whole  of  the  Australian  market. 

As  regards  the  fixation  of  atmospheric  nitrogen  by  the  electric  arc, 
there  are  three  well-known  types  —  namely,  the  Birkland-Eyde,  the 
Schonherr,  and  the  Pauline  types.  These  are  operating  on  a  very  large 
scale,  amounting  to  about  200,000  horse-power  under  pre-war  conditions, 
to  which  may  be  added  about  100,000  horse-power  erected  in  Germany 
for  the  purpose  of  obtaining  material  for  explosives  and  to  make  up  for 
the  deficiency  of  Chile  nitrates  caused  by  the  blockade.  These  processes 
fix  atmospheric  nitrogen  in  the  form  of  nitric  oxide  under  the  influence 
of  the  high  temperature  of  the  electric  arc,  possibly  aided  by  the  formation 
of  ozone.  The  nitric  oxide  is  in  turn  oxidized  into  peroxide,  which  in 
turn,  on  the  addition  of  water,  is  converted  into  nitric  acid,  which  latter 
is  concentrated  by  being  passed  through  a  series  of  concentration-towers. 
Apparently  it  is  an  economical  method  of  manufacturing  pure  nitric  acid, 
which  commands  a  remunerative  price.  Moreover,  the  process  is  well 
adapted  for  the  formation  of  sodium  nitrite,  which  is  in  great  demand  in 
connection  with  the  aniline-dye  industry.  These  two  form  staple  products 
at  remunerative  prices.  Consequently,  if  the  demand  for  these  and  other 
products  of  a  similar  character  were  a  steady  one  there  would  be  no  object 
in  transforming  the  nitric  acid  into  a  fertilizer,  because  the  nitrate  in  the 
form  of  a  fertilizer  has  to  compete  with  a  natural  product — namely,  Chile 
saltpetre.  Owing,  however,  to  market  fluctuations  a  certain  amount  of 
the  acid  is  converted  into  calcium  nitrate  by  reaction  between  the  nitric 
acid  formed  in  the  towers  and  limestone.  It  is  important  to  notice  in 
this  case  also  that  although  fertilizers  are  produced  they  are  a  secondary 


134  The  N.Z.  Journal  of  Science  and  Technology.  [Sept. 

product,  and  that  none  of  these  processes  would  be  able  to  survive  if  they 
were  dependent  entirely  upon  the  sale  of  nitrogen  as  a  fertilizer. 

Chemical  Methods  of  fixing  Atmospheric  Nitrogen. 

The  principal  chemical  methods  of  fixing  atmospheric  nitrogen  in  use 
are  the  Haber,  the  Hauser,  and  the  Serpek  processes,  in  which  the  uses  of 
electricity  are  ancillary  only,  such  as  heating  a  catalyser  or  for  exploding 
a  mixture  of  gases.  These  and  other  processes  similar  in  character  have 
received  a  great  stimulus  owing  to  the  demand  for  explosives  for  carrying 
on  the  war,  but  it  is  not  yet  known  whether  they  are  working  on  a  sound 
commercial  basis. 

The  best  -  known  of  these  processes  is  the  Haber  process,  by  which 
hydrogen  and  nitrogen  are  made  to  combine  under  great  pressure  and  high 
temperature  in  the  presence  of  a  catalyser,  the  gases  being  enclosed  in  a 
bomb  and  exploded  by  means  of  an  electric  spark.  Germany  is  relying 
to  a  great  extent  on  this  process  to  make  up  for  the  deficiency  caused  by 
the  interruption  of  the  supply  of  Chile  nitrate.  They  are  now  producing 
100,000  tons  per  annum  of  nitrogen  by  this  process,  compared  with  115,000 
tons  of  nitrogen  imported  in  the  form  of  Chile  nitrate  prior  to  the  war. 
They  are  also  producing  nitrogen  by  other  artificial  means  which  more 
than  make  up  for  the  deficiency  in  Chile  nitrate.  It  is  not,  of  course, 
yet  known  whether  this  process  can  compete  with  Chile  nitrate  for  fertilizer 
purposes.  The  situation,  however,  is  a  very  favourable  one  for  cheap 
production  owing  to  the  large  quantities  of  by-product  hydrogen  and 
sulphuric  acid  available  at  the  principal  German  chemical-works. 

Another  process  of  fixing  atmospheric  nitrogen  is  the  Hauser  process, 
in  which  a  mixture  of  coke-oven  gas  and  air  is  exploded  in  a  bomb  by 
means  of  an  electric  spark,  by  which  nitric  acid  is  produced.  This  is  also 
said  to  be  carried  on  on  a  large  scale  in  Germany  since  the  war,  but  no 
particulars  regarding  the  production  are  available. 

Another  well-known  process  is  that  known  as  the  Serpek  process,  by 
which  atmospheric  nitrogen  is  fixed  by  combination  with  aluminium  in  the 
form  of  a  nitride.  No  particulars  of  production  are  available.  Several 
variations  of  this  method  exist,  but  as  far  as  is  known  at  present  there 
are  none  working  on  a  commercial  scale. 

None  of  these  processes  have  been  used  to  any  great  extent  for  the 
production  of  fertilizers,  and  they  have  been  primarily  introduced  in 
order  to  manufacture  nitric  acid  for  explosives.  It  is  quite  possible, 
however,  that  improvements  have  been  effected  that  will  make  them 
capable  of  producing  nitrates  at  a  price  comparable  with  Chile  nitrate,  in 
which  case  there  will  be  introduced  further  competitions  with  the  calcium- 
carbide  process  for  making  cyanamide  and  the  electric-arc  process  of 
making  nitric  acid  for  conversion  into  calcium  nitrate. 

Natural  versus  Artificial  Nitrogenous  Products. 

As  regards  all  artificial  processes  of  fixing  atmospheric  nitrogen,  whether 
using  electricity  or  not,  it  appears  that  nitric  acid  and  other  products  are 
more  valuable  and  command  a  better  price  per  unit  of  nitrogen  than  when 
converted  into  fertilizers,  the  reason  being  that  the  price  of  nitrogenous 
fertilizers  is  entirely  regulated  by  the  price  of  Chile  saltpetre,  or  sodium 
nitrate.  Any  process  of  fixing  atmospheric  nitrogen  has  therefore  to 
compete  with  the  natural  deposits,  which  for  present  purposes  are  inex¬ 
haustible,  and  capable  of  improvement  and  of  reduction  in  price,  whilst 
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nitric  acid  and  other  chemicals  command  a  higher  price,  and  the  processes 
mentioned  may  be  regarded  as  being  economical  for  the  production  of 
various  chemicals  ;  but  if  regarded  primarily  from  the  point  of  view  of 
producers  of  artificial  fertilizers  they  cannot  be  regarded  as  being  economical. 
The  probability  is  that  the  manufacturers  turn  the  primary  products  into 
fertilizers  when  the  demand  for  the  more  remunerative  form  of  product 
falls  off,  and  take  advantage  of  the  market  in  fertilizers  in  order  to  regulate 
their  own  production. 

A  very  important  point  in  considering  the  establishment  of  any  process 
for  the  fixing  of  atmospheric  nitrogen  is  the  proximity  of  a  large  and  mixed 
market.  Thus  in  the  case  of  the  process  for  fixing  atmospheric  nitrogen 
by  means  of  the  electric  arc  it  is  essential  for  the  stability  of  the  business 
that  there  should  be  a  market  for  nitric  acid,  ammonium  nitrate,  sodium 
nitrite,  sodium  nitrate,  as  well  as  for  the  fertilizer  calcium  nitrate.  Like¬ 
wise,  in  the  case  of  the  cyanamide  process,  a  market  for  calcium  carbide, 
as  well  as  for  a  large  number  of  products  derived  from  cyanamide,  is 
essential  if  the  business  is  to  be  a  remunerative  one. 

The  success  of  the  Haber  process  of  synthetic  ammonia  apparently 
depends  upon  obtaining  a  supply  of  by-product  hydrogen  and  sulphuric 
acid.  The  Hauser  process  is  dependent  upon  coke-oven  gases,  and  also 
makes  use  of  by-product  ammonia  produced  by  the  distillation  of  coal, 
whilst  fixation  depends  upon  another  by-product  in  the  form  of  sulphuric 
acid. 

Generally  speaking,  any  artificially  produced  nitrogenous  fertilizer  must- 
be  obtained  as  a  by-product  in  order  to  compete  with  Chile  nitrate. 

Manufacture  of  Nitrogenous  Fertilizer  by  the  Government. 

It  has  been  suggested  that  the  Government  should  embark  upon  the 
manufacture  of  nitrogenous  fertilizer  in  New  Zealand.  It  will  be  gathered, 
however,  from  the  preceding  statements  that  the  business  of  making  nitro¬ 
genous  fertilizers  by  this  means  is  not  such  a  remunerative  one  as  might 
be  inferred,  and  that  the  factories  engaged  in  fixing  atmospheric  nitrogen, 
whether  by  the  arc  process  or  by  means  of  calcium  carbide,  are  primarily 
dependent  upon  other  forms  of  product,  and  that  it  is  essential  for  their 
success  that  they  should  be  in  the  proximity  of  a  large  market  for  all 
kinds  of  chemical  material,  and,  moreover,  that  they  should  command  a 
market  in  at  least  one  form  of  the  product  which  they  obtain  by  their 
process.  None  of  these  conditions  obtain  in  New  Zealand,  and  the 
Government  would  be  very  ill-advised  to  embark  upon  any  large  project 
of  the  kind. 

It  is  recognized,  however,  that  there  is  a  demand  for  ammonium  salts, 
caustic  soda,  caustic  potash,  nitric  acid,  hydrochloric  acid,  and  sulphuric 
acid,  forming  as  they  do  the  raw  material  of  so  many  industries.  It  is 
felt,  however,  that  for  the  present  this  demand  can  best  be  met  by  local 
production,  as  such  materials  are  not  suitable  for  transportation.  Such 
a  local  manufacture  will  follow  whenever  a  supply  of  electricity  becomes 
generally  available,  as  is  the  case  in  Canterbury,  where  steps  have  already 
been  taken  to  manufacture  hydrochloric  acid  and  caustic  soda  by  electro¬ 
lysis,  and  to  make  steel  castings  by  an  electric  process,  the  power  being- 
obtained  from  Lake  Coleridge  and  the  works  situated  near  the  Addington 
Substation.  Negotiations  are  also  being  conducted  with  freezing-work 
experts  with  a  view  to  producing  nitrogenous  material  as  a  by-product, 
and  using  the  electric  current  for  this  purpose  during  the  slack  season. 
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Experimental  Work  at  Lake  Coleridge. 

It  is  suggested  that  experimental  work  should  be  conducted  with  the 
surplus  power  obtained  from  Lake  Coleridge.  There  is  no  difficulty  in 
regard  to  this  suggestion,  and  the  Department  is  willing  at  all  times  to 
supply  power  for  this  purpose  and  to  aid  incpiirers  by  every  possible  means. 
Considerable  advantage  has  already  been  taken  of  the  Government’s 
services  in  this  respect,  and  the  number  of  estimates  supplied  and  advices 
given  is  too  numerous  to  mention.  Considerable  pioneering  work  has 
been  done  in  connection  with  pulverizing  limestone,  pulverizing  rock  phos¬ 
phates,  preparation  of  calcium  carbide  and  nitrogenous  fertilizers,  red 
oxide  paint,  caustic  soda,  hydrochloric  acid,  the  manufacture  of  steel 
castings  by  electric  furnace,  and  electric  ploughing.  Red  oxide  paint  is 
now  being  manufactured  by  electrolysis,  the  current  being  obtained  from 
Lake  Coleridge.  Preparations  are  being  made,  and  are  well  advanced, 
for  the  manufacture  of  caustic  soda  and  hydrochloric  acid,  and  also  for 
the  manufacture  of  steel  castings,  by  the  electric  furnace. 

Further,  the  Department  has  under  consideration,  as  already  men¬ 
tioned,  the  establishment  of  a  nitric-acid  plant,  and  has  been  in  communi¬ 
cation  with  the  High  Commissioner  with  a  view  to  obtaining  a  furnace  for 
the  purpose.  It  is  not,  however,  intended  to  experiment  on  an  untried 
apparatus,  the  intention  being  to  obtain  a  type  of  furnace  which  is  in 
commercial  use  and  experiment  in  a  tentative  way  with  a  view  to  testing 
the  market  and  ascertaining  the  requirements  of  the  New  Zealand  market. 
I  would  not  recommend  the  Government  to  waste  time  and  money  upon 
testing  a  new  type  of  apparatus  which  has  not  been  fully  developed 
elsewhere.  There  is  really  no  need  for  this,  as  any  apparatus  which  is 
promising  and  has  meritorious  features  would  not  remain  long  without 
being  tried  out  on  a  commercial  scale  in  Great  Britain. 

Issue  of  a  License  to  a  Company  for  the  Development  of 

Bowen  Falls. 

Although  it  is  not  deemed  advisable  that  the  Government  should  set 
up  works  for  the  manufacture  of  nitrogenous  fertilizers  on  one  of  the 
sounds  and  develop  the  local  water-power  for  the  purpose,  there  is  jprima 
facie  no  reason  why  a  license  should  not  be  granted  to  a  syndicate  for 
the  purpose.  Regular  machinery  exists  for  the  purpose  of  granting  licenses 
for  the  development  of  water-power  under  the  control  of  the  Minister  of 
Public  Works,  in  accordance  with  which  licenses  have  been  granted  to 
the  Waihi  Gold-mining  Company,  entitling  it  to  obtain  power  from  the 
Horahora  Falls,  on  the  Waikato  River  ;  to  the  Dominion  Portland  Cement 
Company,  to  obtain  power  from  the  Wairoa  Falls,  on  the  Wairoa  River  ; 
and  a  large  number  of  licenses  for  smaller  amounts  of  power. 

Whether  or  not  a  license  should  be  granted  in  the  present  instance  as 
requested  is  a  matter  of  policy,  the  responsibility  for  which  rests  with  the 
Minister  of  Public  Works.  Personally  I  see  no  objection  to  a  license  being 
granted,  provided  that  satisfactory  assurances  are  forthcoming  that  the 
rights  granted  will  be  properly  made  use  of,  and  that  the  financial  arrange¬ 
ments  are  such  as  to  guarantee  that  the  works  will  be  proceeded  with. 

The  conditions  under  which  a  license  is  granted  are  very  easy  of  ful¬ 
filment.  The  promoters  must  provide  a  plan  showing  the  location  of  the 
works,  and  later  on  supply  such  drawings  as  are  necessary  to  enable  the 
Department  to  judge  of  the  suitability  and  sufficiency  of  the  works  in  the 
interest  of  public  safety.  A  rental  of  one-twentieth  of  a  penny  per  unit 
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is  at  present  prescribed.  This,  however,  was  not  intended  to  provide  for 
the  continuous  use  of  electricity,  but  only  the  ordinary  use  for  lighting 
purposes.  The  rental  should  be  nominal,  and  should  amount  to  not  more 
than  5  per  cent,  on  the  operating-costs.  In  this  case  the  operating-cost 
would  be  in  the  neighbourhood  of  £1  per  horse-power  per  annum,  and  on 
the  basis  mentioned  the  rental  should  therefore  not  exceed  Is.  per  horse¬ 
power  per  annum.  Otherwise  there  is  a  risk  of  hampering  an  industry  of 
the  kind  under  discussion. 

Utilization  of  the  Bowen  or  other  Falls  on  the  West  Coast  Sounds. 

It  is  agreed  that  some  electro-chemical  metallurgical  industries  must, 
if  they  are  to  be  successful,  be  conducted  on  a  large  scale  in  locations 
where  deep  water  and  harbour  facilities  exist  in  conjunction  with  cheap 
water-power.  Such  is  the  case  with  the  fixation  of  atmospheric  nitrogen 
by  the  electric  arc,  and  the  same  remarks  apply,  though  to  a  lesser  extent, 
to  the  manufacture  of  calcium  carbide  and  calcium  cyanamide.  It  is 
doubtful,  however,  whether  either  of  these  two  industries  can  be  conducted 
successfully  on  the  West  Coast  Sounds. owing  to  the  great  distance  from 
the  principal  markets  and  the  limited  extent  of  the  local  market.  Inas¬ 
much,  however,  as  natural  facilities  for  conducting  a  business  of  this  kind 
exist  in  an  unusual  degree  on  the  West  Coast  Sounds,  the  question 
naturally  arises  as  to  the  kind  of  industry  which  is  most  likely  to  take 
advantage  of  the  facilities  which  exist.  Judging  from  the  trend  of 
events,  the  process  which  is  the  most  likely  to  take  advantage  of  these 
opportunities  is  the  electro-metallurgical  reduction  of  zinc-ores  and  the 
treatment  of  complex  ores  generally.  This  would  seem  to  be  the  kind  of 
application  of  electric  power  to  electro-metallurgy  which  is  in  demand  in 
Australia,  owing  to  the  existence  in  abundance  of  ores  of  this  class. 

The  Amalgamated  Zinc  Company  has  entered  into  a  contract  with  the 
Tasmanian  Government  for  a  supply  of  30,000  horse-power  for  the  electro¬ 
chemical  treatment  cf  zinc-ores,  whilst  another  company  with  a  rival 
process  has  also  entered  into  a  contract  with  the  Tasmanian  Government 
for  about  5,000  horse-power.  These  processes  are  regarded  as  being  com¬ 
mercially  successful,  and  there  is  no  doubt  that  the  processes  now  being 
tried,  or  a  modification  of  the  same,  will  meet  with  success,  in  which  case 
large  amounts  of  power  will  be  required,  far  beyond  the  resources  of 
Tasmania.  Moreover,  there  does  not  exist  in  Tasmania,  or  anywhere  on 
the  Australian  Continent,  the  combination  of  deep  water  and  cheap  water 
facilities  which  exists  in  the  West  Coast  Sounds.  Such  a  large  power- 
demand  cannot  be  satisfactorily  and  cheaply  supplied  from  a  general 
power-distribution  system,  and  must  be  located  in  situations  such  as  the 
Milford  Sound,  where  the  power  is  alongside  the  harbour,  and  where  it  will 
be  entirely  under  the  control  of  the  manufacturer. 

It  seems  extremely  probable  that,  if  the  zinc  process  is  successful,  long 
before  the  power  available  in  Tasmania  is  exhausted  some  of  the  ore  will 
be  sent  over  for  treatment  to  the  West  Coast  Sounds,  owing  to  the 
advantages  which  they  offer.  For  the  most  part,  even  in  Tasmania,  the 
ore  will  be  treated  in  situations  where  harbour  facilities  exist,  though  no 
doubt  some  of  it  will  be  treated  at  the  mines.  In  any  case  transportation 
does  not  seem  to  be  a  serious  obstacle,  and  if  any  of  the  ore  requires  to 
be  shipped  in  order  to  transport  it  to  another  locality  for  treatment  the 
probabilities  are  that  it  will  be  transported  to  a  locality  which  offers  the 
best  facilities  for  treating  the  ore.  And,  inasmuch  as  the  ore  can  be 
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shipped  in  large  quantities,  it  can  probably  be  brought  to  New  Zealand 
as  cheaply  as  it  can  be  moved  from  one  part  of  Tasmania  to  another  if 
in  smaller  quantities. 

The  above  opinions  are  offered  as  a  probable  course  of  development 
which  occurs  to  one  upon  regarding  the  general  trend  of  events,  and  my 
conclusion  is  that  the  manufacture  of  nitrates  will  be  largely  confined  to 
Europe  and  America,  whilst  the  treatment  of  zinc-ores  and  complex  ores 
generally  will  be  conducted  on  an  equally  large  scale  in  Australia  and 
New  Zealand. 

Another  possible  use  of  the  water-power  on  the  West  Coast  Sounds  is 
for  smelting  Taranaki  ironsands  by  electricity.  The  ore  when  concen¬ 
trated  is  rich  in  iron,  and  should  yield  a  good  class  of  pig  iron  with  very 
little  loss  if  treated  electrically.  Both  ore  and  coal  or  coke  would  require 
to  be  transported  to  the  sounds,  but,  on  the  other  hand,  the  power  could 
be  obtained  at  a  low-enough  cost  to  compensate  for  the  cost  of  transpor¬ 
tation.  Inasmuch,  however,  as  a  process  of  smelting  these  sands  has  vet 
to  be  developed,  there  is  no  immediate  prospect  of  the  West  Coast  Sounds 
being  used  for  this  purpose. 

Summary. 

The  foregoing  may  be  shortly  summarized  as  follows  : — 

1.  The  Sounds  of  Westland  do  not  possess  any  material  superiority  over 
the  Scandinavian  fiords  as  regards  cheap  development. 

2.  The  market  for  nitrogenous  fertilizers  in  New  Zealand  and  Australia 
at  present  is  a  negligible  quantity. 

3.  The  supply  of  Chile  nitrates  is  not  approaching  exhaustion,  and  it 
is  estimated  to  last  two  hundred  years  at  the  present  rate  of  consumption. 

4.  The  supply  of  ammonium  sulphate,  being  a  by  product  of  the  coke- 
oven  and  the  gas  industry,  is  a  steadily  increasing  quantity  with  the 
development  of  the  arts,  the  increase  in  population,  and  the  more  econo¬ 
mical  use  of  coal  in  producer-gas  engines  and  in  other  ways. 

5.  Other  processes-  have  been  established  in  Germany  for  fixing  atmo¬ 
spheric  nitrogen,  notably  the  Haber  process  ;  and,  as  this  is  worked  in 
conjunction  with  by-product  hydrogen  and  by-product  sulphuric  acid, 
there  is  a  prospect  of  a  cheap  fertilizer  being  obtained  which  will  add  to 
the  existing  sources  of  nitrogenous  fertilizers. 

6.  It  is  not  deemed  advisable  that  the  Government  should  embark  upon 
a  scheme  of  producing  nitrogenous  fertilizers. 

7.  The  issue  of  a  license  to  a  company  for  the  said  purpose  is  a  question 
of  policy.  The  proper  machinery  has  been  set  up  for  issuing  licenses,  the 
terms  and  conditions  being  easily  complied  with. 

8.  A  supply  of  cheap  sulphuric  acid,  nitric  acid,  hydrochloric  acid, 
caustic  soda,  and  caustic  potash,  inasmuch  as  they  are  the  raw  material 
of  so  many  industries,  is  desirable.  Generally  speaking,  however,  this  can 
be  produced  locally,  and  efforts  of  the  Department  have  been  directed 
towards  encouraging  existing  industries  to  make  their  own  supply,  which 
is  greatly  facilitated  by  the  supply  of  cheap  electric  power. 

9.  Although  the  harbour  and  power  conditions  are  favourable  to  the 
establishment  of  an  electro-chemical  business,  it  is  extremely  doubtful 
whether  a  nitrate  business  could  be  successfully  conducted,  because  of 
other  adverse  conditions.  Other  processes,  such  as  the  electro-metallur¬ 
gical  reduction  of  zinc-ores,  have  a  better  chance  of  success,  and  the  opinion 
is  expressed  that  in  the  ordinary  course  of  events  the  complex  ores  of 
Australia  will  be  brought  to  the  West  Coast  Sounds  for  treatment. 
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MAORI  STRING  GAMES. 

( Continued  from  page  92.) 

By  Johannes  C.  Andersen. 

With  Illustrations  by  J.  McDonald. 

WHAI  (CAT’S  CRADLE ) — continued. 

Waka  a  Tama-rereti. 

(This  figure  was  made  by  the  Maoris,  but  was  learned  from  Miss  Williams, 
daughter  of  the  Yen.  Archdeacon  Williams,  of  Gisborne.) 

Method. 

1.  Opening  A,  but  taking  up  the  palmar  string  with  the  little  fingers 
instead  of  with  the  index  fingers. 

2.  Turn  the  hands  so  that  the  palms  are  downwards.  Press  down 
with  the  middle  fingers  the  lower  far  little-finger  string,  the  one  passing 


Fig.  12. — Waka  a  Tama-rereti.  After  movement  3. 


straight  across  between  the  hands  ;  take  this  string  between  the  lips,  and 
draw  it  towards  you  under  all  the  other  strings. 

3.  Insert  the  index  fingers  from  below  into  the  loop  held  by  the  lips, 
release  the  string  from  the  lips,  leaving  it  caught  well  up  on  the  index 
fingers.  (Fig.  12.) 

4.  With  the  lower  lip  press  down  the  near  thumb  string,  and  catch 
the  crossed  strings  immediately  beyond  it — that  is,  the  two  far  thumb 
strings — between  the  lips  or  teeth,  and  draw  them  back  between  the  near 
thumb  string  and  the  index  string. 

5.  Release  the  string  from  the  index  fingers,  allowing  it  to  rest  on  the 
strings  held  by  the  lips.  (There  are  now  two  strings  passing  left  and  right 
from  the  lips,  a  twisted  loop  on  each  thumb,  and  two  loops,  one  plain  and 
one  twisted,  on  each  little  finger.  The  former  far  little-finger  string  is 
now  the  nearest  string  of  all,  lying  in  front  of  the  near  thumb  string,  being 
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separated  from  that  string  by  the  two  strings  passing  left  and  right  from  the 
lips.)  (Fig.  13.) 

6.  Turn  away  the  palms,  bend  the  forefingers  away  from  you,  then 
bring  their  points  towards  you  from  the  back  under  all  the  strings.  Insert 


< 


,  . 


Fig.  13. — WaJca  a  Tama-rereti.  After  movement  5. 

them  from  below  into  the  small  diamonds  made  by  the  near  thumb  string 
and  the  former  far  little-finger  string,  and  the  two  strings  passing  left 
and  right  from  the  lips.  (Fig.  14.)  (This  is  more  easily  done  one 
finger  at  a  time,  the  right  hand  assisting  the  left  index,  and  the  left 
hand  assisting  the  right,  care  being  taken  that  no  loops  slip  from  the 
fingers.) 


Fig.  14. —  WaJca  a  Tama-rereti.  During  movement  6. 
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7.  Catch  the  former  far  little-finger  string — now  the  nearest  string  of 
all — on  the  first  joint  of  the  hooked  index  fingers,  and  carry  it  with  those 
fingers  down  between  the  strings  going  left  and  right  from  the  lips.  Return 
the  index  fingers  the  way  they  came,  under  all  the  strings,  back  to  their 
original  position. 

8.  Release  the  strings  from  the  lips,  and  extend  the  figure,  spreading 
the  little  fingers  well  away,  but  keeping  the  thumb  and  index  finger  of  each 
hand  fairly  close  together.  The  waka  appears  extended  between  the  palms. 

(Fig.  15.) 

Among  the  Tuhoe  Tribe,  states  Mr.  Elsdon  Best,  the  following  verse 
was  repeated  over  the  design 

Hoea,  hoea  te  waka  a  Tama-rereti 
Ki  te  take  harakeke 
Hoea  ! 

Another  karakia  was  as  follows  : — 


Hoea,  hoea  te  waka  a  Tama-rereti 

Ki  waho  ki  te  moana 

Hon  parati,  hou  parati,  lion. 


Fig.  15. — Waka  a  Tama-rereti.  The  finished  figure. 


Comparison. 

With  this  figure  may  be  compared  one  given  by  Mrs.  Jayne  (pp.  85 
et  seq.),  from  Mabuiag,  in  Torres  Straits,  where  it  is  known  as  gul  (the 
canoe). 

1.  Opening  A. 

2.  Keeping  the  strings  taut,  turn  the  palms  slightly  away  from  you. 
Bend  the  index  fingers  down  into  the  little-finger  loop,  and,  turning  the 
palms  towards  you,  turn  the  index  fingers  towards  you  up  under  the  near 
little-finger  string  and  the  index  loop,  which  loop  slips  off  the  index  knuckles 
as  the  movement  is  made.  Release  the  strings  from  the  little  fingers. 
(There  are  now  two  twisted  loops  on  each  index,  and  a  wide  loop  on  each 
thumb.) 

3.  With  the  tips  of  the  middle,  ring,  and  little  fingers,  press  down  on 
to  the  palm  the  two  far  index  strings.  Insert  the  middle  fingers  from  below 
into  the  thumb  loop  and  withdraw  the  thumbs,  leaving  the  loop  on  the 
middle  fingers. 

4.  Insert  the  thumbs  from  above  into  the  middle-finger  loop,  and  put 
them  under  the  string  that  comes  down  diagonally  from  the  index  finger 
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and  goes  under  the  double  string  at  the  bottom  of  the  figure.  Raise 
the  thumbs,  carrying  up  the  diagonal  string,  release  the  middle  fingers, 
and  extend  the  figure,  keeping  the  double  string  well  down  with  the  little 
fingers. 

The  canoe  appears  in  the  centre,  its  prow  and  stern  being  formed  by  the 
strings  that  loop  over  the  short  strings  going  from  thumb  to  index  of  either 
hand.  (Fig.  16.) 

In  the  Maori  figure  the  double  string  held  by  the  little  fingers  forms 
the  keel  ;  in  this  figure  the  double  string  reduces  the  keel  to  a  point.  This 
same  figure  is  known  as  a  well  in  the  Loyalty  Islands  :  the  well  is  full  of 
water  when  the  double  string  is  kept  straight  and  taut,  and  dry  when  the 
double  string  is  slackened  and  drawn  up  by  the  tightening  of  the  other 
strings. 

There  are  several  other  canoe  figures  in  various  parts  of  the  world,  but 
most  of  them  are  simply  outline  figures,  like  a  drawing  on  the  flat.  One, 


Fig.  16. —  Gul.  The  canoe. 


an  Esquimaux  kayak,  is  in  relief  like  the  Maori  and  Mabuiag  figures,  but 
is  quite  unlike  the  pattern  of  either  of  these. 

Tonga  Raurepe. 

This  figure  is  known  in  the  Caroline  Islands  as  “  ten  men.”  A  cinema 
picture  of  the  making  of  the  pattern  was  taken  at  Gisborne,  but  this  seems 
to  differ  somewhat  from  the  Caroline  method,  though  the  result  is  the  same. 
The  Caroline  method  is  here  given  so  that  comparison  with  the  Maori  may 
be  made  when  obtained. 

1.  Opening  A. 

2.  With  the  lips  draw  the  far  little -finger  string  towards  you  over  all 
the  other  strings.  Insert  the  left  index  finger  from  above  into  the  mouth 
loop,  and  take  up  on  its  back  the  right  mouth  string.  Put  the  right  index 
finger  under  the  left  mouth  string,  pick  the  string  up  on  its  back,  and  release 
the  loop  from  the  lips.  Draw  strings  taut,  release  the  loops  from  the  thumbs, 
and  again  draw  taut.  (Fig.  17.) 

3.  Putting  the  thumbs  under  the  index  loops,  insert  them  from  below 
into  the  little-finger  loop,  and  pick  up  on  the  back  of  the  thumbs  the  near 
little-finger  string,  returning  the  thumbs  to  their  position. 
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4.  Insert  the  thumbs  from  below  into  the  upper  index  loop,  drawing 
the  upper  near  index  string  a  little  towards  you  by  spreading  the  index 
fingers  and  thumbs. 

5.  With  the  lips  pick  up  the  left  lower  near  thumb  string  close  to  the 
thumb,  lift  it  over  the  tip  of  the  thumb,  and  drop  it  on  the  palmar  side. 
Similarly  pick  up  the  right  lower  near  thumb  string  close  to  the  thumb, 
lift  it  over  the  tip  of  the  thumb,  and  drop  it  on  the  palmar  side.  (This 
complete  crocheting  action  Miss  Haddon  calls  “  navahoing,”  from  its  being 
an  action  common  in  the  patterns  of  the  Navaho  Indians.  The  verb 
“  navaho  ”  may  perhaps  be  adopted  with  advantage.) 


WKKSMBBBB& 


Fig.  17. — Tonga  raurepe.  After  movement  2. 


6.  Allow  the  upper  index  loop  to  slip  from  the  fingers,  and  draw  the 
strings  taut. 

7.  Transfer  the  thumb  loops  to  the  index  fingers  by  inserting  each  index 
from  below  into  the  thumb  loop  and  withdrawing  the  thumb.  (Fig.  18.) 

8.  Repeat  movement  3,  picking  up  the  near  little-finger  strings  on  the 
backs  of  the  thumbs. 

9.  Repeat  the  navahoing  of  movements  4  and  5. 

10.  Bend  the  middle  fingers  down  into  the  index  loop,  and  take  up 
on  the  backs  of  the  fingers  the  lower  near  index  string — the  one  passing 
straight  from  index  to  index — and  return  the  middle  fingers  -  to  their 
position. 
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Fig.  IS. — Tonga  raurepe.  After  movement  7. 
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11.  Release  the  loops  from  the  little  fingers,  and,  keeping  the  index 
and  middle  fingers  together,  spread  the  fingers  and  thumbs,  drawing  the 
strings  taut  as  you  turn  the  palms  away  from  you,  when  the  finished  pattern 
of  tonga  raurepe  appears.  (Fig.  19.) 

Wahine  and  Tane. 

Method. 

1.  Wahine. 

1.  Opening  A. 

2.  Bend  the  index  fingers  and  put  them  under  the  little-finger  loop, 
straighten  them,  carrying  up  on  their  backs  both  strings  of  the  loop,  but 
leaving  the  loops  on  the  little  fingers. 


Fig.  19. — Tonga  raurepe.  The  completed  figure. 


3.  Turn  the  palms  towards  you,  insert  the  index  fingers  from  above  into 
the  thumb  loop,  straighten  them,  carrying  up  on  their  backs  the  near 
thumb  string,  and  by  so  doing  taking  the  loops  off  the  thumbs. 

4.  Insert  the  thumbs  from  below  into  the  index  loop,  up  and  behind 
the  far  upper  index  string,  so  that  the  lower  far  index  string  is  against  the 
inside  of  the  thumb,  the  upper  far  index  string  against  the  back  of  the 
thumb. 

5.  Close  the  thumb  and  index  finger  of  each  hand,  grasping  between 
them  the  far  upper  index  string.  (Fig.  20.)  Bend  the  wrists  so  that  the 
index  fingers  point  downwards,  allowing  all  the  strings  to  slip  from  the 
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Fig.  22. — Tane.  During  movement  1. 
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index  fingers  except  the  string  held  by  the  thumb  and  index.  The  loops 
on  the  little  fingers  are  still  to  be  retained. 

6.  Transfer  to  the  thumbs  the  loops  held  by  the  index  fingers  and 
thumbs,  spread  the  thumbs  and  little  fingers,  and  draw  the  hands  slowly 
apart.  The  loops  of  wahine  now  appear  in  the  centre  of  the  figure. 
(Fig.  21.) 

2.  Tane. 

To  convert  wahine  into  tane  : — 

1.  It  will  be  noted  that  in  the  figure,  which  should  not  be  drawn  closer 
than  about  4  in.  in  diameter,  a  string  passes  direct  from  thumb  to  thumb, 
and  another  direct  from  little  finger  to  little  finger,  around  which  the  other 
strings  loop  to  form  the  central  figure.  Lay  the  figure  on  the  knee  and 
carefully  remove  the  thumbs  and  little  fingers  from  their  loops,  the  strings 
of  which  will  now  hang  down.  Place  the  right  thumb  in  the  angle  formed 
by  the  outer  curved  string  of  the  central  figure  and  the  string  running 
straight  across,  and  the  right  index  in  the  opposite  neighbouring  and  corre¬ 
sponding  angle.  Close  the  thumb  and  index,  grasping  between  them  the 
string  at  the  bottom  of  the  figure  so  that  it  holds  the  two  crossed  strings 
in  a  close  loop.  In  the  same  manner,  with  the  thumb  and  index  of  the 


Fig.  23 .—Tane.  The  completed  figure. 


left  hand  in  the  corresponding  angles,  grasp  the  string  at  the  top  of  the 
figure  so  that  it  too  holds  the  two  crossed  strings  in  a  close  loop.  (Fig.  22.) 

2  Turn  the  closed  thumbs  and  index  fingers  upwards  into  the  centre 
of  the  figure,  so  that  all  the  strings  except  those  of  the  hanging  loops  are 
outside  the  index  fingers  and  thumbs. 

3.  Spread  the  index  fingers  and  thumbs  and  draw  the  strings  taut. 
(A  double  string  now  runs  round  both  index  fingers  and  thumbs,  and  a 
large  diamond  lies  in  the  centre,  framed,  as  it  were,  by  the  double  strings.) 

4.  Close  the  index  and  thumb  of  each  hand.  Turn  the  fingers  so  closed 
down  into  the  diamond,  and  extend  the  index  fingers  and  thumbs  again, 
pointing  away  from  the  body.  (A  single  string  now  runs  around  both 
index  fingers  and  thumbs,  and  a  diamond  with  double  sides  appears  in  the 
centre.  This  central  diamond  is  tane,  and  it  should  be  kept  narrow  by 
holding  the  index  and  thumb  of  each  hand  fairly  close  together.)  (Fig.  23.) 

Tane  may  again  turn  into  wahine  : — 

Insert  the  right  thumb  and  index  into  the  two  angles  at  the  bottom  of 
the  figure  (after  having  laid  it  on  the  knee  as  in  the  former  figure),  the  left 
thumb  and  index  into  the  angles  at  the  top  of  the  figure,  and  proceed  as 
in  wahine,  turning  the  closed  index  fingers  and  thumbs  upwards  into  the 
double-sided  diamond.  Extend  the  strings,  and  the  large  single-sided 
diamond  again  appears.  Close  the  thumbs  and  index  fingers  again,  turn 
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them  downwards  into  the  diamond,  open  them  and  extend  the  strings,  and 
again  wahine  appears,  slowly  closing  as  the  hands  are  drawn  apart.  (To 
unravel  the  figure  without  tangling  the  string,  take  the  curved  strings  at 
the  centres  where  they  lie  in  the  angle  of  the  crossed  strings  running  from 
thumbs  and  little  fingers,  and  draw  out  right  and  left.) 

There  is  a  third  figure,  tamaiti,  but  this  the  Maoris  at  Gisborne  were 
unable  to  construct.  As  named,  there  is  nothing  in  the  shapes  of  the  figures 
to  suggest  their  names.  It  is  otherwise  when  it  is  known  that  the  figures 
represent  only  part  of  a  wahine  and  tane,  the  tara  and  ure  respectively. 

Comparison. 

In  Central  Africa  (Miss  Haddon,  pp.  31,  32)  the  same  two  figures  are 
formed,  and  are  there  called  “  the  moon  ”  ( mwezi )  {wahine),  and  “  the  moon 
gone  dark  ”  ( mwakatanga )  {tane).  The  figure  of  the  moon  is,  however, 
arrived  at  in  a  way  quite  different  from  the  Maori  method* 

1.  Opening  A. 

2.  Take  the  far  little-finger  string  between  the  lips  and  draw  it  towards 
you  over  all  the  other  strings,  at  the  same  time  releasing  the  loops  from 
the  little  fingers,  but  not  pulling  the  strings  taut. 

3.  Transfer  the  thumb  loops  to  the  little  fingers,  inserting  the  little 
fingers  into  the  thumb  loop  from  below,  and  insert  the  index  fingers  into 
the  mouth  loop  from  below. 

4.  Extend  the  figure,  at  the  same  time  letting  go  with  the  lips. 

5.  Insert  the  thumbs  into  the  lower  index  loop  from  below,  grasp  the 
upper  near  index  string  between  thumbs  and  index  fingers,  and  bend 
the  index  fingers  so  as  to  allow  the  lower  index  loop  to  slip  over  the  tips 
of  the  fingers.  Do  not  draw  taut. 

6.  Straighten  the  index  fingers  and  slowly  extend  the  figure  by  drawing 
the  hands  apart,  when  the  figure  of  the  moon  appears,  as  did  the  figure  of 
wahine  in  the  Maori  pattern.  (The  twist  in  the  little-finger  loops  may  be 
avoided  by  inserting  the  little  fingers  into  the  thumb  loop  from  above 
instead  of  from  below  when  transferring  that  loop  to  the  little  fingers  in 
movement  3.) 

“  The  moon  gone  dark  ”  is  produced  from  “  the  moon  ”  in  the  same  way 
that  tane  is  produced  from  wahine . 

The  figure  of  “  the  moon  55  also  appears  in  Torres  Straits,  where  it  is 
called  gud  (mouth),  and  in  North  Queensland,  where  it  is  called  “  sun 
clouded  over.”  Miss  Haddon  remarks  that  the  continuation  “  the  moon 
gone  dark  ”  does  not  seem  to  occur  elsewhere  than  in  Central  Africa.  As 
is  seen,  it  occurs  also  in  New  Zealand. 

The  same  figure  wahine  .occurs  incidentally  in  another  figure  in  the 
Island  of  Uap,  Western  Carolines,  where  it  is  known  as  runi-ka-fei  (carrying 
money).  (Mrs.  Jayne,  pp.  160  et  seq.)  It  is  a  continuation  of  another 
Caroline  Islands  figure,  called  “  ten  men,”’  whose  final  pattern  appears  to 
be  the  same  as  the  Maori  tonga  raurepe,  though  its  construction  is  different. 
Rest  the  figure  of  tonga  raurepe  on  the  knees,  slip  each  thumb  from  its  loop, 
and  then  pick  on  the  back  of  the  thumbs,  close  to  the  index  finger,  the 
string  which  passed  from  thumb  to  index  finger.  Gently  withdraw  each 
middle  finger  from  its  loop,  and  let  the  string  which  passes  over  index 
finger  and  thumb  slip  off  the  index  finger.  Draw  the  hands  apart  with  the 
loops  on  thumbs  and  index  fingers,  and  wahine  appears  from  the  tangle. 
The  part  of  the  figure  that  follows  the  above  in  the  Carolines  is  not  of 
interest  in  this  place. 


(To  be  concluded. ) 
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THE  GEOLOGICAL  FEATURES  OF  THE  BROKEN 

RIVER  COAL  AREA. 

(Continued,  from  page  104.) 

By  R.  Speight,  M.A.,  M.Sc.,  F.G.S.,  F.N.Z.Inst.,  Curator  of  the 

Canterbury  Museum. 

C.  STR  ATIGRAPH  Y — c  ontinued. 

Waipara  Series — continued. 

* 

(b.)  Structure  of  the  Coal-measures. 

(See  Fig.  7.) 

An  examination  of  the  area  shows  that  the  coal-measures  have  on  the 
northern  side  of  the  river  a  general  north-west  and  south-east  strike,  and 
a  dip  to  the  south-west.  In  Iron  Creek  these  beds  are  bent  up  into  an 
acute  syncline,  and  the  connecting  portions  accommodate  themselves  to 
these  deformations  without  any  marked  dislocation.  The  structural 
phenomena  are  thus  analogous  to  those  of  the  Trelissick  Basin  (Speight, 
1917),  and  result  in  all  probability  from  the  formation  of  a  tectonic  basin, 
largely  due  to  faulting  or  folding  of  an  area  of  peneplain  with  its  covering 
veneer  of  Tertiary  sediments  towards  the  close  of  the  Tertiary  era.  It 
is  probable  that  this  settling  was  not  uniform  over  the  area  of  depression, 
but  more  marked  in  subordinate  areas  forming  basins  such  as  Castle  Hill, 
or  with  strips  passing  into  basins  as  in  the  case  of  Sloven’s  Creek  (to  be 
referred  to  later),  so  that  ridges  of  greywacke  left  standing  as  horsts,  or  not 
so  much  depressed,  persisted  after  the  general  settlement.  The  resultant 
repacking  of  the  blocks  has  caused  a  more  acute  folding  and  faulting  where 
the  edges  of  the  weaker  overlying  sediments  have  been  brought  against 
the  hard  resistant  rocks  forming  the  edges  of  the  basin  or  the  ridges  within 
its  periphery.  This  will  account  for  the  disturbance  of  the  beds,  with  its 
attendant  folding  and  acute  crushing,  which  has  occurred  along  the  line 
of  Alum  Creek  and  in  Iron  Creek. 

(c.)  Quality  and  Quantity  of  the  Coal. 

The  following  analyses  made  by  Mr.  W.  0.  R.  Gilling,  Research  Scholar, 
under  the  direction  of  Dr.  W.  P.  Evans,  at  the  Canterbury  College  Labora¬ 
tory,  show  that  it  is  a  coal  of  very  good  quality  : — 


No.  1. 

No.  2. 

No.  3. 

Water 

. .  15-98 

15-95 

16-32 

Ash  .  . 

. .  5-40 

5-22 

6-71 

Fixed  carbon  .  . 

. .  33-53 

33-13 

33-68 

Volatile  hydrocarbons  . . 

. .  45-09 

45-80 

43-29 

100-00 

100-00 

100-00 

All  these  samples  are  from  Alum  Creek,  and  were  collected  by  myself. 
No.  1  was  from  the  lowest  seam  exposed  in  the  creek  ;  No.  2  was  from  a 
seam  exposed  on  the  east  side  of  Alum  Creek,  probably  lower  in  the  series 
than  No.  1  ;  No.  3  was  from  the  large  seam  exposed  in  the  slip,  higher  in 
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the  series  than  No.  1  and  lying  to  the  south-west  of  it.  All  samples  were 
taken  from  workings  and  not  from  outcrops. 

Mr.  Grilling  informs  me  that  the  quantity  of  sulphur,  which  in  the 
analyses  is  included  in  the  volatile  matter,  is  uncommonly  high — up  to 
7  per  cent. — and  that  it  is  not  in  combination  with  iron  as  pyrites  but  as 
an  organic  sulphide.  *  The  uniformity  of  the  analyses  is  remarkable,  and 
they  also  agree  in  this  respect  with  the  analysis  published  in  the  Annual 
Report  of  the  Colonial  Museum  and  Laboratory,  1889,  p.  47.  Though  it  is 
uncertain  what  seam  this  sample  was  from,  yet  it  is  reasonably  certain 
that  it  came  from  one  of  the  seams  indicated  above.  The  other  analyses 
of  coal,  mentioned  in  the  next  year’s  report  of  the  Colonial  Laboratory 
(1890,  p.  22),  are  evidently  from  similar  coals,  although  their  fixed  carbon 
is  high  and  volatile  matter  less. 

It  is  reasonable  to  infer  that  the  high  quality  of  the  coal  in  Alum  Creek 
is  due  partly  to  changes  produced  in  the  coal  as  a  result  of  pressure,  since 
in  other  parts  of  the  area  remote  from  that  where  the  folding  is  somewhat 
pronounced  the  coal  appears  to  be  an  ordinary  brown  coal.  It  is  unfor¬ 
tunate  that  this  pressure  has  had  the  effect  of  crashing  the  coal,  so  that 
at  times  it  falls  to  pieces  very  readily  when  exposed  to  the  air  ;  on  the 
other  hand,  in  some  places  where  the  pressure  has  been  on  a  moderate  scale 


Fig.  7. — Section  from  Alum  Creek  across  Iron  Creek.  Direction,  east  and  west. 

Distance,  miles.  1,  Greywacke ;  2,  sands,  sandy  clays,  fireclays  with 
coal ;  3,  sandstone  ;  4,  white  sands  ;  5,  green  sands. 


it  stands  the  weather  almost  as  well  as  a  bituminous  coal.  Outcrops,  even 
when  exposed  to  alternate  wetting  and  drying,  have  to  my  knowledge 
shown  little,  if  any,  surface  change  for  over  twenty  years. 

On  the  extreme  western  side  of  the  area,  where  sills  have  been  intruded, 
the  original  coal  has  been  of  somewhat  poor  quality,  so  that  the  value  of 
the  coked  material  is  not  very  great,  and,  further,  the  extent  is  probably 
quite  small. 

The  amount  of  coal  available  in  the  field  is  entirely  problematical,  and 
mining  operations  have  not  aided  materially  in  framing  an  estimate,  since 
little  prospecting  has  been  carried  out  in  advance  of  the  development.  As 
far  as  can  be  inferred  from  the  data  at  present  available,  the  seams  take 
the  form  of  lenses  or  wedges,  and  make  and  thin  out  when  traced  along 
both  strike  and  dip.  It  is  possible  that  adjacent  seams  may  compensate 
for  this  variability  by  changes  proceeding  in  the  reverse  direction — that 
is,  an  adjacent  seam  may  thicken  as  an  upper  or  lower  one  thins— but 
nothing  definite  can  be  said  at  present.  However,  the  general  evidence 
points  to  a  diminution  in  the  total  quantity  of  the  coal  in  the  measures 
as  they  are  traced  toward  Winding  Creek  and  up  Iron  Creek. 

This  irregularity  of  the  seams  is,  in  my  opinion,  due  to  the  conditions 
under  which  they  were  deposited.  The  pronounced  current-bedding  of  the 
associated  sands  and  sandstones,  and  the  extreme  variability  of  the  direction 
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and  thickness  of  adjacent  seams,  both  point  to  the  conditions  of  deposit 
being  those  of  drift  material  rather  than  the  coal  being  formed  by  growth 
in  place.  The  relative  small  quantity  of  ash  as  compared  to  other  brown 
coals  in  the  country  is  somewhat  strange,  and  points  to  the  accumulation 
of  drift  material  being  formed  on  the  shore  of  a  land  of  comparatively  low 
relief,  and  certainly  of  one  which  yielded  very  little  waste  to  the  estuaries 
which  were  formed  on  its  coast-line. 

In  addition  to  the  coal  the  area  contains  valuable  seams  of  fireclay, 
and  there  are  as  well  numerous  and  thick  beds  of  white  quartz  sand. 
I  have  not  examined  these  with  a  view  to  determining  their  use  for  glass¬ 
making  or  other  industrial  purpose,  but  it  is  possible  that  these  deposits, 
especially  the  fireclay,  may  eventually  prove  more  valuable  than  the  coal 
itself. 

( d .)  Volcanic  Rocks. 

The  only  igneous  rocks  discovered  in  the  area  are  dolerite  intrusives — 
(1)  a  large  dyke  in  Iron  Creek,  and  (2)  sills  in  Broken  River  opposite 
the  mouth  of  Winding  Creek.  These  rocks  are  of  the  same  general 
character  as  those  of  the  Trelissick  Basin,  Sloven’s  Creek,  and  the 
Esk  River. 

The  dyke  is  a  dolerite  of  even-grained  texture.  The  characteristic 
minerals  are  labradorite  feldspar  in  laths,  irregularly  oriented  ;  augite  in 
grains  and  aggregates,  not  distinctly  pleochroic,  moulded  on  the  feldspar, 
but  with  little  ophitic  tendency  ;  olivine  in  clear  crystals  with  little  signs 
of  decomposition  as  a  rule,  but  in  certain  parts  of  the  rock  there  are 
pseudomorphs  of  chalcedony,  chlorite,  and  calcite,  after  some  mineral  which 
has  the  crystalline  outlines  of  olivine,  and  may  be  derived  from  it ;  magnetite 
occurs  freely  in  grains  ;  apatite  in  long  and  short  stumpy  needles.  In  this 
rock  there  is  a  considerable  quantity  of  calcite,  and  also  a  clear,  colourless, 
isotropic  mineral  with  a  lower  index  of  refraction  than  balsam,  occurring 
in  patches  of  irregular  shape  and  small  size  :  these  may  be  of  glass,  or  they 
may  perhaps  be  analcite.  There  is,  however,  no  other  feature  of  the  rock 
which  suggests  that  it  is  alkaline  in  character. 

The  sills  are  finer  in  texture  and  are  much  more  decomposed.  They 
show  a  very  large  quantity  of  calcite,  either  in  aggregates  of  crystalline 
grains  or  distributed  through  the  mass  of  the  rock.  The  augite  is  clouded 
with  alteration  products,  and  only  occasionally  unaltered  remnants  of 
crystals  are  visible,  but  the  feldspar  is  fresh  and  shows  little  signs  of  decom¬ 
position.  Ilmenite,  in  long  needles  and  broken-comb  forms,  is  also  an 
important  constituent. 

(e.)  Relations  to  Neighbouring  Areas. 

(See  Fig.  1.) 

The  Broken  River  coal  area  is  only  a  remnant  of  a  somewhat  widely 
extended  sheet  which  occupied  the  greater  part  of  the  Waimakariri  inter- 
montane  basin.  The  most  considerable  remnants  are  those  in  the  Trelissick 
Basin  and  in  the  lower  valley  of  the  Esk  River,  but  a  small  remnant  lies 
near  the  old  Craigieburn  homestead  south-west  of  Lake  Pearson,  on  the 
West  Coast  Road  (Hutton,  1887),  and  yet  another  occupies  the  lower 
part  of  Sloven’s  Creek  and  the  sides  of  Broken  River  near  the  junction. 
Although  this  last  remnant  is  close  to  the  area  under  consideration  it 
is  entirely  cut  off  from  it  by  a  barrier  of  Maitai  rocks,  and  it  may  be 
divided  into  several  subordinate  parts  by  similar  dividing-ridges  in  the 
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vicinity  of  the  Avoca  Railway-station  and  farther  up  the  stream  towards 
the  present  Craigieburn  Station.  The  stratigraphy  of  this  outlier  is  com¬ 
plicated  by  the  presence  of  these  barriers  and  by  volcanic  disturbances, 
but  more  detailed  description  will  be  given  of  this  area  later,  as  it  has  a 
close  geological  connection  with  the  area  farther  west. 

The  absence  of  limestones,  as  compared  with  their  great  development 
in  the  Castle  Hill  area  and  in  the  valley  of  the  Esk,  can  be  partly  explained 
on  the  supposition  that  they  have  been  removed  from  the  eastern  portion 
of  the  intermontane  basin  by  erosion  after  they  have  been  deposited,  pro¬ 
bably  by  glacial  erosion,  seeing  that  the  middle  part  of  the  area  experienced 
the  full  force  of  the  glacial  streams  issuing  from  the  higher  valley  of  the 
Waimakariri,  whereas  the  Esk  River  valley  and  the  Castle  Hill  district 
were  beyond  the  sphere  of  its  great  activity.  That  some  such  action  has 
taken  place,  and  that  some  part  of  the  limestones  has  been  removed,  will 
be  evident  when  certain  inclusions  in  tuffs  and  gravels  belonging  to  the 
Sloven’s  Creek  area  are  considered. 

On  the  other  hand,  limestones  may  never  have  been  deposited  in  the 
south-eastern  part  of  the  intermontane  basin,  since  the  shore-line  of  the 
sea  where  deposition  occurred  almost  certainly  lay  near  its  eastern  border, 
and  the  marine  deposits  of  that  locality  would  in  consequence  be  of  littoral 
or  estuarine  character.  It  must  always  be  remembered  as  well  that  the 
surface  features  of  the  land  were  entirely  dissimilar  from  those  now  obtain¬ 
ing,  and  the  area  probably  formed  part  of  a  peneplain  which  has  since  been 
elevated  into  the  alpine  region  of  Canterbury. 

Whether  the  limestone  was  deposited  or  not,  the  Broken  River  coal- 
measures  are  of  the  same  age  as  the  lower  members  of  the  series  developed 
in  the  Trelissick  Basin,  and  correspond  with  the  coal-beds  near  Old 
Craigieburn.  This  is  clearly  seen  by  the  similarity  in  the  lithological 
character  of  the  beds,  and  also  by  the  presence  of  Conchothyra  in  both 
localities  in  beds  overlying  the  coal  conformably. 

This  occurrence  is  one  of  the  many  small  outliers  of  what  Thomson 
calls  the  Notocene  beds,  found  in  various  parts  of  Canterbury  at  heights 
varying  from  1,000  ft.  to  4,000  ft.  and  higher  still,  which  indicate  an 
original  widespread  mantle  of  late  Cretaceous  and  Tertiary  sedimentaries 
over  what  is  now  a  mountain  region.  In  order  to  emphasize  this  point  I 
have  tabulated  the  occurrences  in  the  valleys  of  the  various  rivers  issuing 
from  this  region. 

Waimakariri — 

Lower  valley  of  the  Esk  River. 

Trelissick  Basin. 

Broken  River  coal  area. 

Craigieburn. 

Sloven’s  Creek. 

Benmore. 

Rakaia — 

Acheron  River. 

Glenthorne. 

Harper  River. 

Redcliff  Gully. 

Cameron  River,  near  Lake  Heron. 

Upper  Cameron  River. 

Teddy’s  Hill  (4,000  ft.). 

Smite  River. 
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Ashburton — 

Clent  Hills  Station. 

Rangitata — 

Potts  River. 

Coal  Creek,  Mount  Peel. 

Mackenzie  Country — 

Coal  River,  Tekapo. 

Most  of  the  areas  have  been  referred  to  by  various  writers,  but  no 
description  of  the  Sloven’s  Creek  area  has  been  given,  so  I  append  the  follow¬ 
ing  account  of  the  beds  to  be  found  in  that  locality  : — 

3.  Sloven’s  Creek  Area. 

About  a  mile  to  the  east  of  the  area  just  described,  and  separated  from 
it  by  a  barrier  of  greywacke,  lies  another  patch  of  Tertiary  sedimentaries. 
These  are  developed  in  the  angle  between  Sloven’s  Creek  and  Broken  River, 
extend  across  the  latter  to  the  flanks  of  Mount  Torlesse,  and  run  as  a  narrow 
strip  for  about  a  mile  and  a  half  up  Sloven's  Creek  to  the  vicinity  of  the 
Avoca  Railway-station.  There  is  also  a  subsidiary  occurrence  immediately 
to  the  west  of  this,  in  Broken  River  and  separated  from  it  by  a  bar  of  grey¬ 
wacke,  and  also  another  small  occurrence  about  a  mile  and  a  half  up 
Sloven’s  Creek  above  the  railway-station.  It  will  be  best  to  deal  with  the 
former  of  these  small  occurrences  first. 

The  beds  exposed  on  the  south  side  of  the  river  consist  of  sandy  clays 
with  impure  coal,  succeeded  by  white  sands,  striking  north  and  with  a 
vertical  dip.  On  the  north  side  of  the  river  immediately  opposite  occur 
concretionary  greensands,  striking  east  and  west  and  dipping  north.  The 
relations  of  these  beds  to  those  south  of  the  river  are  not  clear,  since  the 
exposure  is  limited,  but  both  are  flanked  on  either  side  by  greywacke  as  if 
they  had  been  let  down  or  pulled  down  along  a  fault-line.  The  east-and- 
west  strike  of  the  beds  north  of  the  river  is  in  agreement  with  that  of  the 
major  occurrence  farther  east,  to  be  noted  later. 

Farther  down-stream  there  is  a  bar  of  greywacke  and  jasperoid  cherts 
lying  unconformably  under  and  succeeded  by  the  following  conformable 
sequence 

1.  Whitish  sands  with  impure  lignite. 

2.  Cream-coloured  and  light-brown  sands,  with  gravel  lenses. 

3.  Conglomerate,  exposed  in  the  bed  of  a  creek  coming  in  from  the 

south. 

4.  Sands,  slightly  glauconitic,  striking  north  and  south  and  dipping- 

east  45°. 

5.  Sands,  decidedly  glauconitic. 

6.  Pebble  bed,  7  ft.,  including  lenticular  patches  of  sand.  The  pebbles 

are  angular  and  subangular,  with  occasional  well-worn  frag¬ 
ments  of  shells,  especially  those  of  oysters. 

7.  Concretionary  sands,  700  ft.,  some  layers  very  coarse  and  gritty 

with  occasional  pebble-beds  at  different  levels.  These  beds 
rest  unconformably  on  greywacke  exposed  near  the  river- 
level.  At  their  contact  with  the  greywackes  these  beds  have 
a  dip  of  40°,  but  this  flattens  out  considerably  at  higher  levels, 
perhaps  in  sympathy  with  changes  in  the  beds  north  of  the 
river. 
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8.  Grit,  with  volcanic  pebbles  and  ash,  and  frequent  fragments  of 

bryozoan  limestone  similar  to  that  at  Castle  Hill. 

9.  Calcareous  volcanic  tuff ,  with  similar  fragments  of  the  same  lime¬ 

stone. 

10.  Volcanic  tuff  and  lava-flow. 

11.  Brownish-grey  sands ,  slightly  glauconitic,  concretionary,  and  pass¬ 

ing  up  into— 

12.  Greenish  sands,  distinctly  glauconitic,  weathering  yellowish.  These 

beds  strike  north  and  south  and  dip  east  40°. 

Although  this  series  certainly  forms  part  of  a  conformable  sequence  and 
the  lower  beds  are  of  similar  lithological  character  to  those  of  the  main 
coal  area  farther  west,  which  are  considered  equivalent  to  the  beds  under 
the  limestones  at  Castle  Hill,  the  presence  of  numerous  fragments  of  bryozoan 
limestone  certainly  indicates  that  they  are  higher  in  the  series  than  the 
limestone,  and  unconformable  to  it,  and  therefore  by  inference  are  uncon- 
formable  to  the  beds  underlying  the  limestone,  and  therefore  to  the  coal- 
measures  just  referred  to.  While  it  may  be  urged  that  the  pebbles  occur 
in  a  volcanic  tuff  and  its  presence  may  imply  an  unconformity — although 
this  is  not  a  necessity — yet  these  limestone  fragments  occur  in  a  grit  which 
is  apparently  quite  conformable  to  the  underlying  beds.  Further,  the 
pebbles  form  a  considerable  element  in  the  beds  in  which  they  occur,  are 
somewhat  subangular  in  shape,  and  must  have  been  derived  from  a  bed 
in  close  proximity.  There  is  now  no  such  limestone  exposed  nearer  than 
the  junction  of  the  Porter  with  the  Broken  River,  a  distance  of  seven 
miles  in  a  straight  line  ;  so  the  occurrence  of  these  pebbles  is  remarkable 
not  only  as  indicating  an  unconformity,  but  also  as  showing  a  former  wide 
extension  of  the  limestones  in  the  Waimakariri  basin,  and  their  subsequent 
removal  by  erosive  agents.  There  was  in  all  probability  a  more  or  less 
continuous  sheet  connecting  the  limestones  of  the  Trelissick  area  with 
those  in  the  Esk  River,  in  the  north-east  corner  of  the  Waimakariri 
intermontane  basin.  The  absence  of  fossils  in  the  grit  and  tuff  beds  in 
contact  with  it  is  somewhat  unfortunate,  as  they  would  enable  a  definite 
unconformity  to  be  fixed  in  the  Tertiary  sequence  as  it  exists  in  the  mid- 
Canterbury  area. 

It  will  be  best  now  to  consider  the  beds  exposed  in  Sloven’s  Creek  itself. 
On  the  north  side  of  Broken  River,  immediately  opposite  the  farm  buildings 
of  the  present  Avoca  homestead,  the  beds  consist  of  concretionary  green¬ 
sands,  striking  east  and  west  and  dipping  north  40°,  but  near  the  mouth 
of  Sloven’s  Creek  the  strike  changes  slightly  till  it  is  south  of  east,  and  the 
dip  becomes  steeper.  On  the  face  of  the  bluff  above  Broken  River  are 
well-marked  nearly  horizontal  shear-planes  of  small  displacement.  On 
the  west  of  Sloven’s  Creek  and  overlying  the  greensand  is  a  marl  which 
strikes  south-east  and  dips  north-east  40°.  In  its  upper  levels  it  is  inter- 
stratified  with  volcanic  ash,  and  is  also  overlain  by  ash  with  the  same 
strike  and  dip.  The  marl  continues  along  the  ridge  dividing  the  creek 
from  Broken  River  for  a  few  chains,  when  it  is  obscured  by  the  terrace 
gravels  and  it  is  no  more  seen.  In  the  bed  of  the  creek  a  little  distance 
above  the  bridge  there  is  a  small  exposure  of  greensand  apparently  over¬ 
thrust  by  greywacke.  The  exposure  is  very  limited,  so  that  its  precise 
relations  cannot  be  well  made  out.  Farther  up-stream  there  is  a  great 
development  of  volcanic  ash  and  agglomerate,  and  the  disturbance  caused 
by  volcanic  action  has  modified  the  regularity  of  the  sedimentaries  so 
that  it  is  difficult  to  make  out  their  relations  with  certainty.  The 
ash-beds  resemble  very  closely  those  occurring  in  the  Whitewater  and  Cole¬ 
ridge  Creeks  of  the  Trelissick  Basin  ;  they  contain  numerous  small  angular 
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fragments  of  basalt  and  occasionally  masses  which  approach  in  size  to 
small  flows.  The  ash-beds  are  thickest  in  close  proximity  to  a  turn  in  the 
creek,  and  here  they  strike  north-east  and  dip  south-east.  They  continue 
up-stream  as  far  as  a  deep  washout  which  comes  in  from  the  terrace  on  the 
west.  Here  overlying  the  ash  are  shales,  weathering  rusty  brown,  with 
impure  lignite,  striking  north-east  and  dipping  south-east  30°,  and  lying- 
right  across  the  creek.  As  these  are  followed  up  the  gully  formed  by  the 
washout  they  pass  up  into  shales  and  dark-green  sands  which  weather  brown, 
and  with  direction  changing  gradually  till  the  strike  is  north-west  and  the 
dip  south-west  35°-40°.  Higher  in  the  series  a  bed  of  sandy  shale,  2  ft. 
thick,  occurs,  and  the  exposure  ends  at  the  top  of  the  gully  with  a  develop¬ 
ment  of  sandy  clays  and  sands,  well  stratified  and  alternating,  the  sands 
lighter  in  colour  and  the  clays  of  a  much  darker  tint.  These  are  covered 
with  terrace  gravels. 

Farther  up  Sloven's  Creek  there  is  an  occurrence  of  greenish  sand,  but 
its  relations  are  obscured  with  slips ;  and  then  there  is  a  return  to  ash- 
beds,  which  are  cut  by  two  well-marked  basaltic  intrusions.  The  first  of 
these  is  a  dyke,  25  ft.  wide,  striking  east  and  west  and  dipping  north  60°. 
The  second  intrusion,  6  ft.  to  8  ft.  wide,  is  a  little  farther  on,  and  strikes 
north-west  and  dips  north-east  50°  ;  it  thus  partakes  somewhat  of  the 
nature  of  a  sill.  It  crosses  the  first  dyke  a  little  east  of  the  railway,  but 
the  junction  is  covered  with  slip  material.  The  ash  into  which  these  dykes 
have  been  intruded  is  rudely  stratified,  the  layers  striking  north-west  and 
dipping  south-west  30°.  A  few  chains  farther  up-stream  the  occurrence 
ends  with  concretionary  greensands  striking  south-east  and  dipping  south¬ 
west.  These  lie  right  on  the  greywacke.  The  rapidly  changing  dip  and 
strike  of  the  beds  is  no  doubt  to  be  attributed  to  volcanic  action.  Just 
opposite  the  dykes  a  small  tributary  called  Puffer’s  Creek  comes  in  on  the 
east  bank  of  Sloven’s  Creek,  and  in  its  lower  course  there  is  a  good  develop¬ 
ment  of  these  sedimentaries  and  their  associated  volcanics. 

Lying  on  the  greywackes  are  concretionary  greensands  striking  north¬ 
west  and  dipping  south-west  40°.  These  have  a  thickness  of  300  ft., 
approximately,  and  are  succeeded  by  ash-beds  containing  irregular  veins  of 
calcite.  Over  these  lies  a  lava-flow,  which  shows  a  tendency  to  pillow- 
structure.  Then  follow  sandy  beds  without  any  well-marked  stratification 
in  the  lower  portions  but  becoming  concretionary  towards  their  upper 
limit.  These  sands  are  distinctly  glauconitic  and  weather  brown,  and 
become  whiter  in  the  parts  which  have  long  been  exposed  to  the  air.  They 
strike  north-west  and  dip  south-west  45°.  They  are  cut  by  dykes,  some 
striking  north-east  and  others  crossing  them  at  right  angles.  At  the  mouth 
of  the  creek  and  in  the  main  stream  in  close  proximity  they  are  capped 
unconformably  with  somewhat  well-stratified  gravels  and  sandy  beds. 
These  contain  numerous  rounded  fragments  of  marl  and  bryozoan  lime¬ 
stone,  similar  to  that  at  Castle  Hill  and  in  the  tuff  in  Broken  River  near 
the  mouth  of  Sloven’s  Creek.  From  the  position  of  these  gravels  it  is  evident 
that  they  could  not  have  come  from  the  vicinity  of  Castle  Hill,  but  must 
have  been  derived  either  from  some  limestone  deposit  of  similar  nature 
now  buried  up  by  moraine  or  other  detrital  matter  or  from  a  formerly 
existent  layer  which  has  now  been  entirely  removed. 

During  my  recent  examination  I  was  unable  to  find  fossils  in  the  Sloven’s 
Creek  beds,  but  some  years  ago,  while  the  railway  was  under  construction, 
I  came  across  a  small  outcrop  of  shell-bearing  material  lying  close  alongside 
the  coal  referred  to  above.  This  contained  specimens  of  Polinices ,  but  I 
was  unable  to  identify  the  species  to  which  they  belonged. 
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The  volcanic  rocks  met  with  in  situ  in  the  neighbourhood  of  the  creek 
are  all  of  basaltic  character.  In  section  this  appears  as  a  somewhat  fine¬ 
grained  basalt,  the  groundmass  being  composed  of  feldspar  laths  and  much 
augite  in  grains,  and  the  phenocrysts  being  almost  exclusively  of  augite  and 
olivine,  the  latter  showing  signs  of  serpentinization.  There  is  a  consider¬ 
able  amount  of  ilmenite,  in  short  rough-edged  needles,  distributed  through¬ 
out  the  rock.  Feldspar  phenocrysts  are  almost  entirely  absent.  There  is 
little  difference  in  texture  between  the  rocks  which  are  certainly  dykes  and 
those  considered  flows. 

In  the  bed  of  Sloven’s  Creek  occur  occasional  well-rounded  pebbles  of 
a  gabbro  similar  to  that  which  is  widely  distributed  in  the  gravels  or  rivers 
of  the  mid-Canterbury  region,  and  whose  origin  is  unknown  at  present. 
Although  gabbro  intrusions  are  known  in  the  valley  of  the  Acheron  River, 
a  tributary  of  the  Rakaia,  which  may  have  yielded  the  pebbles  found  in 
the  gravels  of  that  river,  yet  they  can  hardly  have  supplied  those  of 
the  Waimakariri  basin.  From  their  frequency  in  the  bed  of  the  Broken 
River  it  is  possible  that  they  may  have  been  shed  from  a  mass  in  position 
on  the  northern  slopes  of  Mount  Torlesse,  but  this  has  not  yet  been  located. 
The  rock  is  even-grained,  coarsely  crystalline,  with  the  crystal  elements 
of  subequal  dimensions.  The  feldspar  is  a  labradorite  ;  the  augite  is 
diallagic  and  somewhat  strongly  pleochroic  for  that  mineral ;  the  olivine 
is  sometimes  fresh,  and  again  it  is  altered  on  the  margins  and  along  cracks, 
and  stained  with  iron-oxide  ;  apatite  occurs  in  short  stumpy  crystals ; 
and  there  is  a  little  magnetite. 

Up-stream  from  the  Avoca  Station  the  floor  of  the  valley,  apart  from 
its  coating  of  moraine  and  gravel,  consists  of  greywacke,  but  about  a 
mile  and  a  half  from  the  station  coal-measures  are  exposed  in  the  sides 
of  a  small  gully  coming  down  from  the  north-east  corner  of  No  Man’s  Land. 
Although  the  drainage  is  towards  Sloven’s  Creek,  yet  this  outlier  lies  to 
the  north-west  of  the  general  line  of  the  beds  occurring  in  the  creek,  and 
is  separated  from  them  by  a  barrier  of  greywacke.  It  is  thus  analogous 
in  position  to,  and  may  be  on  the  same  line  as,  the  small  outlier  to  the 
west  of  the  mouth  of  Sloven’s  Creek  extending  across  Broken  River. 

In  this  last  occurrence  the  coal-measures  consist  of  clays  and  sands, 
striking  north-east  and  dipping  north-west  70°  ;  they  lie  right  against  the 
greywacke,  and  are  practically  parallel  with  its  surface.  Some  of  the 
sandstones  are  concretionary,  and  stand  out  like  walls  on  the  surface  of 
less  resistant  beds.  Two  seams  of  coal  were  worked  by  the  Public  Works 
Department  for  local  supplies  while  the  Midland  Railway  was  being  con¬ 
structed.  The  coal  was  similar  to  Kaitangata,  and  very  gassy.  The 
workings  were  discontinued  after  a  short  period,  and  have  now  fallen  in. 

*  About  300  yards  to  the  west,  on  the  northern  slopes  of  No  Man’s 
Land,  there  is  an  occurrence  of  sands  and  greensands,  with  a  thick  layer 
of  oysters  ( Ostrea  nelsoniana)  analogous  to  that  seen  in  the  bed  of  Broken 
River  in  the  Trelissick  Basin.  These  beds  apparently  form  the  end  of  a 
syncline  which  has  been  tilted  against  the  greywackes  of  No  Man’s  Land. 
The  eastern  wing  apparently  overlies  the  coal-measures,  but  the  connection 
between  the  two  sets  of  beds  is  not  clear.  The  oyster-bed  strikes  north¬ 
east  and  dips  north-west,  while  farther  west  there  are  concretionary  sand¬ 
stones  and  grits  dipping  to  the  south-east.  Immediately  to  the  north  the 
whole  country  is  covered  with  moraine,  and  it  is  likely  that  this  masks  a 
considerable  area  containing  coal,  especially  as  coal  has  been  met  with  still 
higher  up  Sloven’s  Creek,  but  whether  or  not  it  will  pay  to  work  is  quite 
uncertain.  The  proximity  of  the  greywacke  floor  is  rather  against  an}' 
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payable  deposit  being  found,  although  it  is  quite  possible  that  a  notable 
amount  of  coal  may  occur.  These  beds  apparently  occupy  the  same 
stratigraphic-al  position  as  the  coal-measures  in  Broken  River  and  in  the 
Trelissick  Basin — that  is,  they  are  of  Cretaceous  age. 

In  concluding  this  paper  I  have  to  express  my  thanks  for  much  sub¬ 
stantial  assistance  received  from  Mr.  F.  Redpath,  the  secretary,  and  from 
Mr.  Walter  Leitch,  engineer,  of  the  Mount  Torlesse  Coal  Company  ;  and 
from  Professor  Arnold  Wall  and  Dr.  W.  P.  Evans,  who  gave  ready  help 
on  many  occasions.  I  am  specially  indebted  to  the  latter  for  allowing 
me  to  publish  the  results  of  the  analysis  of  samples  of  coal  collected  by 
me  in  the  mine.  If,  as  the  result  of  further  mining  operations,  additional 
details  of  geological  importance  are  forthcoming  I  shall  furnish  a  further 
report  dealing  with  them. 
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MOA -BONES  FROM  MARTINBOROUGH. 

Some  four  years  ago  a  cave  containing  moa  and  other  bird  bones  was 
found  by  Mr.  Walter  Harrison  on  a  limestone  ridge  near  the  station  of 
Mr.  Murdoch  McLeod,  Haurangi.  The  Dominion  Museum  authorities 
were  notified  of  the  find,  and  a  quantity  of  interesting  bones  were 
forwarded  by  Mr.  Harrison. 

In  March  of  this  year  the  cave  or  fissure  was  excavated  and  some 
thousands  of  bones  were  brought  to  light.  Some  thirty  moas  must  have 
perished  in  this  cave,  together  with  many  Aptornis,  Notornis',  kiwi,  kakapo, 
duck,  and  weka. 

Of  the  moas  one  very  large  species  represented  was  Dinornis  maximus, 
while  the  majority  of  bones  belonged  to  the  smaller  Anomalopteryx 
didiformis.  Most  importance,  however,  was  attached  to  the  recovery 
of  a  large  series  of  bones  of  Aptornis  otidiformis,  the  smaller  North  Island 
form  of  Aptornis.  This  is  the  first  record  of  any  large  series  of  the  bones 
of  this  bird  being  found.  Likewise  with  Notornis,  great  numbers  of 
important  bones  were  found  that  will  be  invaluable  for  purposes  of 
comparative  study.  Of  interest  to  the  student  of  regional  distribution 
was  the  finding  of  the  bones  of  the  huia,  the  crow,  and  the  tuatara  lizard. 
One  bone  still  remains  to  be  definitely  identified,  but  there  is  every  reason 
to  believe  it  to  be  the  lower  mandible  of  the  rufous  owl,  Sceloglaux 
rufi facies. 

The  presence  of  dog-bones  was  at  first  thought  to  be  indicative  of  the 
contemporaneous  association  of  the  moa  and  Maori  dog,  but  definite  proof 
was  lacking  when  the  final  excavations  were  made. 
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THE  SAMOAN  OBSERVATORY. 

By  C.  E.  Adams,  D.Sc.,  F.R.A.S.,  Government  Astronomer  and  Seismologist, 
and  Professor  E.  Marsden,  D.Sc.,  F.R.A.S. 

The  recent  acceptance  of  the  mandate  over  Samoa  by  New  Zealand  has 
raised  the  question  of  the  continuance  of  the  Geophysical  Observatory 
which  was  maintained  there  by  the  Germans  for  the  thirteen  years 
preceding  the  British  occupation.  The  authors,  who  have  both  spent 
a  brief  period  at  this  observatory,  feel,  therefore,  that  a  description  of 
its  instruments  and  activities  will  be  of  general  interest  to  the  readers  of 
this  Journal . 

The  Observatory  was  established  in  1902  by  the  Society  of  Sciences  of 
Gottingen  (Royal  Society  of  Hanover).  It  was  originally  established  for  a 
period  of  three  years  to  obtain  special  observations  to  compare  with  those  of 
British  and  German  South  Polar  Expeditions  of  1902-3.  The  geographical 


Fig.  1. — Map  of  the  Pacific  Ocean,  showing  the  position  of  Samoa. 


position  was  found  so  suitable  and  the  results  so  promising  that  the  period 
was  extended  for  another  four  years,  and  later  the  observatory  was  esta¬ 
blished  on  a  permanent  basis. 

The  observatory  (latitude  13°  48'  S.,  longitude  171°  46'  W.  of  Greenwich, 
and  practically  at  sea-level)  is  situated  at  the  extremity  of  the  Mulinuu 
Peninsula,  which  juts  out  towards  the  north  about  a  mile  west  of  Apia,  the 
seat  of  Government  of  British  Samoa.  Apia  is  on  the  northern  shore  of 
IJpolu,  the  chief  of  the  Samoan  Islands.  The  map  (fig.  1)  shows  the 
general  position  of  Samoa  in  the  Pacific.  It  will  be  seen  that  Apia  is  some 
130  miles  north  of  Tonga  and  450  miles  north-east  of  Fiji.  The  various 
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magnetic  and  geophysical  observatories  of  the  Pacific  are  shown  on  the 
map. 

Fig.  2  gives  a  plan  of  the  observatory  buildings  and  grounds.  The 
grounds  consist  of  about  5  acres  of  coral  sand  planted  with  coconut-palms 
and  well  removed  from  the  magnetic  core  of  the  island,  which  is  of  volcanic 
origin.  Fig.  3  shows  some  of  the  buildings. 

The  following  table  gives  statistics  of  the  climatic  conditions  at  Apia. 
The  temperatures  are  means  for  the  past  thirty  years.  It  will  be  noticed 
that  the  variations  of  temperature  daring  the  year  are  remarkably  small. 
The  maximum  temperature  for  the  past  thirty  years  was  96°  F.  and  the 
minimum  61°  F. 

Statistics  of  Climatic  Conditions  of  Apia. 


Month. 

Temperature, 

Fahrenheit. 

Rainfall  in 
Inches. 

Humidity 
Per  Cent. 

Hours 

Sunshine. 

January 

790 

19-2 

85 

156 

February 

79-3 

18-8 

85 

128 

March 

791 

149 

82 

145 

April .  . 

790 

118 

86 

155 

May  . . 

784 

5-9 

83 

197 

June 

77-2 

5-7 

82 

173 

July  . . 

77-3 

3  1 

82 

140 

August 

77-5 

3-9 

80 

144 

September 

77-7 

6-3 

81 

176 

October 

76-8 

7-7 

82 

230 

November 

78-8 

118 

83 

170 

December 

79-3 

15-3 

83 
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The  main  observations  taken  are — (1)  Magnetic  ;  (2)  seismic,  including 
tidal  observations  of  ocean  and  earth’s  crust  ;  (3)  astronomical :  (4)  meteor¬ 
ological  (including  aerology)  ;  (5)  of  atmospheric  electricity. 

The  policy  of  the  Observatory  has  been  not  the  mere  compilation  of  data, 
but  the  systematic  examination  of  these  data  from  the  point  of  view  of  the 
correlation  of  the  different  types  of  measurements  and  of  similar  measure¬ 
ments  made  at  other  observatories.  This  policy  has  already  produced 
considerable  information  on  the  physical  properties  of  the  earth. 

Under  the  pre-war  system  the  Director  of  the  observatory,  Professor 
G.  Angenheister,  spent  periods  of  one  year  and  a  half  alternately  at  the 
University  of  Gottingen  and  at  Samoa.  All  the  final  examinations  and 
correlations  of  results  took  place  under  his  direction  at  Gottingen.  The 
results  of  these  investigations  were  generally  published  in  Nachrichten  der 
K.  Gessellschaft  der  Wissenschaften  zu  Gottingen.  Various  publications  are, 
however,  to  be  found  scattered  among  the  international  and  geophysical 
journals. 

It  must  be  remembered  that  Gottingen  University  has  for  over  half  a 
century  been  justly  famous  for  its  researches  on  geophysical  matters,  and 
particularly  those  done  under  the  direction  of  Professor  Wiechert. 

The  observatory  is  useful  and  necessary  from  several  points  of  view. 
First,  it  is  the  most  complete  observatory  of  its  kind  in  the  Pacific,  and,  in 
view  of  the  increasing  attention  of  all  nations  to  that  ocean,  reliable  data 
of  earth-movements,  magnetic  changes,  meteorological  conditions  (particu¬ 
larly  of  the  upper  atmosphere),  and  of  electrical  and  tidal  phenomena  are  of 
ever-increasing  importance.  Secondly,  from  the  more  theoretical  point  of 
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view  the  position  of  the  observatory  is  unique  in  its  usefulness  for  all  the 
observations  it  undertakes,  as  indicated  in  the  following  summary  : — 

(1.)  Magnetic  Observations. — The  observatory  is  equipped  with  modern 
instruments  for  the  determination  of  the  horizontal  component  of  the 


PLAN  OF 

SAMOAN  OBSERVATORY. 


Fig.  2. — Plan  of  Samoan  Observatory. 


earth’s  magnetism,  the  declination,  and  the  inclination  ;  also  for  continuous 
recording  of  the  horizontal  component,  the  vertical  component,  and  the 
declination.  The  latter  records  are  of  a  particularly  high  standard  of 
accuracy,  especially  those  of  1905-20,  and  already  many  results  of  far- 
reaching  importance  have  been  obtained,  particularly  with  regard  to  the 
relations  of  magnetic  phenomena  with  the  sun-spots  and  with  general  solar 
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activity,  and  also  with  regard  to  the  amplitudes  and  origins  of  the  diurnal 
and  annual  periodic  variations  of  the  magnetic  elements. 

(2.)  Seismic  Observations . — -The  observatory  is  equipped  with — (a)  a  Wie- 
chert  astatic  inverted  pendulum  for  two  horizontal  components  (north  and 
east) ;  (b)  a  Wiechert  vertical  component  seismograph  (these  record  on  smoked 
paper) ;  (c)  a  horizontal  pendulum  for  tilt,  with  photographic  recording. 

Besides  the  excellent  seismograph  records  which  these  instruments  give, 
from  which  the  distances  and  peculiarities  of  earthquakes  can  be  deduced,* 
the  initial  impulses  on  the  north  and  east  components  on  a  Wiechert  seis¬ 
mogram  are  particularly  suitable  for  the  determination  of  the  azimuth 
from  which  an  earthquake  wave  arrives  at  the  observatory. 


Fig.  3. — The  Samoan  Observatory. 


Apia  is  in  a  particularly  useful  position  for  investigating  the  nature 
and  progress  of  the  disturbances  arising  from  the  earthquake-line  stretching 
from  New  Zealand  north-eastwards  through  the  Tonga  deep.  Of  further 
scientific  interest  is  the  recording  of  the  disturbances  originating  in  the 
neighbouring  volcanic  island  of  Savaii,  and  also  of  the  interesting  movements 
of  the  ocean-bed  in  the  Pacific.  The  records  have  also  proved  valuable  in 
the  determination  of  earthquake  centres  in  the  south-west  Pacific.  These 
results  are  important  also  from  the  point  of  view  of  their  influence  on  the 
best  routes  for  submarine  cables. 

Besides  these  particular  cases  it  may  be  said  that  Samoa  is  one  of  the 
most  important  seismological  and  magnetic  stations  in  the  world,  as  it  forms 
a  necessary  link  in  the  chain  of  such  stations  from  New  Zealand  and 
Australia,  Batavia,  Manila,  China,  and  Japan  to  Honolulu  and  America. 


*  See  G.  Hogben,  The  Interpretation  of  a  Typical  Seismogram,  this  J ournal,  vol.  3, 
pp.  106-110,  1920. 
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A  recording  tide-gauge  is  maintained  by  the  observatory  in  Apia  Harbour, 
and  several  interesting  records  of  tidal  waves  have  been  obtained. 

(3.)  Astronomical  Observations . — The  astronomical  observations  are — 

(a.)  Local  time  service.  Time  determined  by  meridian  transits  of  sun 
and  stars,  with  a  transit  instrument  of  2  in.  aperture  and  24  in. 
focal  length.  The  observations  are  by  eye  and  ear  with  a  sidereal 
chronometer. 

(A)  Spectrograph  observations  of  the  zodiacal  light. 

(c.)  Observations  of  the  sun  and  of  solar  eclipses. 

It  was  the  intention  of  the  former  controllers  of  the  observatory  to  install 
instruments  for  the  absolute  measurements  of  total  solar  radiation,  as  it 
has  been  found  that  the  variations  of  this  radiation  have  a  very  direct 
influence  on  the  magnetic  elements  and  the  seasonal  variations  in  the 
meteorological  conditions. 

(4.)  Meteorological  Observations . — The  ordinary  meteorological  elements, 
barometric  pressure,  temperature,  rainfall,  and  humidity,  are  recorded  with 
an  unusually  high  order  of  accuracy.  As  a  result  of  the  close  observation 
of  these  high-grade  records  interesting  periodicities  in  the  seasonal  weather 
conditions  have  been  revealed,  and  important  correlations  with  magnetic, 
seismic,  and  solar  activities.  It  is  hoped  that  particulars  of  these  connections 
will  be  published  in  the  near  future. 

(5.)  Aerology . — Observations  of  the  upper  atmosphere  have  been  made 
since  1906.  Hand-hauled  kites  containing  instruments  to  register  height, 
temperature,  wind- velocity,  and  humidity  were  flown  on  all  “  international ” 
days,  1906  to  1914,  and  the  results  published  internationally.  Heights 
up  to  7,000  ft.  were  reached.  Free  balloons  were  also  liberated,  and  their 
movements  followed  by  theodolites  to  about  40,000  ft.  to  obtain  wind- 
velocities  at  great  heights.  The  results  indicate  a  return  westerly  wind 
above  the  level  of  the  south-east  trade-winds.  The  exact  relations  as  regard 
level,  &o.,  between  this  returning  westerly  wind  and  the  surface  wind  still 
require  further  investigation.  This  should  be  concentrated  on  in  future 
because  of  its  importance  in  relation  to  aerial  navigation.  Four  publications 
of  summaries  of  investigations  have  been  made  by  Dr.  Angenheister  and 
Dr.  Wegener  in  the  Gottingen  Nachrichten,  embodying  results  up  to  1910. 

No  upper  atmosphere  observations  have  been  made  since  1914.  It  may 
be  noted  that  just  about  the  time  the  war  broke  out  arrangements  had  been 
made  with  the  German  Navy  for  the  co-operation  of  a  destroyer  in  chasing 
balloons  carrying  instruments  to  record  automatically  the  temperature  and 
wind-velocity  and  direction  at  different  heights. 

(6.)  Atmospheric  Electricity. — This  study  was  commenced  at  the  observa¬ 
tory  in  1905.  Measurements  are  made  every  day  of  the  number  and  the 
mobility  of  the  positive  and  negative  ions  present  in  the  atmosphere. 
Continuous  records  are  made  of  the  vertical  potential  gradient,  and  also  of 
the  electric  charge  of  rain  and  the  earth-air  electric  current.  Measurements 
are  also  made  of  the  amount  of  radio-active  matter  in  the  atmosphere,  both 
that  derived  from  radium  and  that  from  thorium.  Improved  observational 
methods  of  the  measurements  of  these  important  factors  are  indicated  as  the 
result  of  the  experience  obtained.  It  is  most  important  that  the  atmo¬ 
spheric  electricity  observations  should  be  carried  on  energetically  in  the 
future  because  of  their  possible  bearing  on  aerial  navigation  and  on 
agriculture.  A  critical  summary  of  the  chief  results  up  to  date  is  also 
urgently  required. 

Enough  has  been  written  above  to  indicate  the  importance  of  maintain¬ 
ing  the  Samoan  Observatory  at  its  full  pre-war  efficiency,  and  it  is  to  be 
sincerely  hoped  that  means  will  be  found  to  continue  the  work  and  thus  reap 
full  advantage  of  the  previous  experience  and  results. 

11 — Science. 
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A  NEW  ZEALAND  DEPARTMENT  OF  VOLCANO 

RESEARCH. 

By  T.  A.  Jaggar 
Objects  of  the  Work. 

The  physical  study  of  the  gases,  temperatures,  and  movements  of  the 
ground  about  active  volcanoes,  continuously  maintained,  has  been  recently- 
advanced  by  permanent  stations  in  Japan,  Italy,  Hawaii,  and  the  Philip¬ 
pines.  The  object  is  threefold  :  (1)  To  educate  growing  populations  in 

precaution  concerning  volcanic  eruption  ;  (2)  to  train  experts  in  prediction 
of  disaster  as  aids  to  the  Government  ;  (3)  to  advance  science  for  the 
benefit  of  the  world. 

Earthquakes  and  volcanic  eruptions  are  closely  connected,  and  co¬ 
operation  in  volcanology  among  Pacific  nations  is  a  form  of  insurance  for 
the  protection  of  invested  capital.  Such  disasters  as  the  San  Francisco, 
Guatemala  City,  and  Valparaiso  earthquakes,  with  real  estate  to  the  value 
of  hundreds  of  millions  of  pounds  destroyed  in  the  last  fifteen  years,  cannot 
be  regarded  lightly.  £200,000,000  was  the  loss  in  San  Francisco  alone. 

The  menace  in  New  Zealand  has  been  demonstrated  by  numerous 
small  volcanic  disasters  at  Ngauruhoe,  Waimangu,  and  White  Island  ;  by 
numerous  local  earthquakes  over  an  area  extending  from  Gisborne  to 
Christchurch  ;  and  by  two  great  disturbances  of  world-wide  importance — 
the  earthquake  at  Wellington  in  1855,  and  the  eruption  of  Tarawera  in 
1886. 

In  Savaii,  of  the  Samoan  Islands,  there  was  a  prolonged  and  disastrous 
lava-eruption  from  1906  to  1911.  In  some  sense,  the  line  of  profound 
deeps  of  the  ocean  and  upbuilt  volcanic  islands  of  the  Tongan  Group  connect 
Savaii  and  New  Zealand  volcanicallv. 

Forecast  of  volcanic  eruption  is  an  accomplished  fact,  and  the  precision 
of  such  forecasts  at  the  permanent  observatories  above  mentioned  will 
increase  in  just  such  measure  as  they  mutually  assist  each  other  with 
their  published  journals.  Therefore  a  volcanic  observatory  should  publish 
a  journal  at  least  once  a  month,  and  by  experimental  work,  guided  by 
trained  physicists,  the  routine  recording  should  be  incessantly  improved 
and  adapted  to  local  conditions. 

In  New  Zealand  great  volcanic  disasters  may  be  prepared  for  and 
expected  at  long  intervals.  An  explosion  at  White  Island  of  the  Tarawera 
type  would  wreck  the  shores  of  the  Bay  of  Plenty  with  a  tidal  wave. 
Krakatoa,  in  1883,  killed  thirty  thousand  people  on  the  adjacent  beaches 
of  Java  and  Sumatra.  As  for  earthquakes,  Wellington  is  an  earthquake 
centre,  and  the  1855  catastrophe  repeated  in  the  new  city  of  brick  and 
stone  buildings  is  a  prospect  not  pleasant  to  contemplate. 

The  engineers  would  do  well  to  make  exhaustive  studies  of  what 
happened  to  the  various  structures  of  masonry  and  wood  in  San  Francisco, 
Messina,  Guatemala,  and  Jamaica.  Kingston  has  an  excellent  new-con  - 
struction  law,  framed  in  1907.  Tidal  waves  from  off-shore  earthquakes  are 
to  be  expected,  for  the  late  Mr.  Hogben  has  clearly  shown  that  earthquake 
centres  lie  east  and  west  of  New  Zealand  under  the  sea. 

The  length  of  the  intervals  between  major  and  minor  dangerous  times 
is  a  matter  for  the  volcano  observatory  to  determine.  For  the  benefit 
of  business  men,  who  may  think  volcano-observing  is  like  geological 
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mapping,  let  me  explain  that  the  two  are  quite  distinct.  The  observa¬ 
tory  deals  with  figures,  measurements,  changes,  processes,  statistics,  and 
averages.  These  concern  analysis  of  the  gases,  numbers  of  quakes,  tilting 
of  the  ground,  precise  levels,  temperatures  of  vents,  shifting  of  vents,  and 
minute  tremors.  At  the  same  time  comparative  measures  of  the  tides, 
atmospheric  temperature  and  pressure,  rainfall,  and  wind,  and  of  the  stresses 
set  up  in  the  earth  by  the  heavenly  bodies,  yield  data  of  the  utmost 
importance  bearing  on  prediction  and  warning. 

The  ideal  volcano-observer  is  thus  a  physicist,  a  statistician,  and  an 
astronomer  ;  he  is,  in  short,  a  geophysicist,  a  man  aiming  ultimately  at 
the  precision  of  the  geodetic  -.surveyor,  but  compelled  by  the  complexity 
of  his  science  and  the  turbulent  out-of-doors  character  of  his  laboratory 
to  use  rough-and-ready  methods.  What  he  is  studying  is  the  lava-column 
underground  ;  he  has  no  other  object  than  to  interpret  its  movements  and 
the  physical  controls  which  govern  it. 

The  live  lava-column  is  always  there,  ready  to  burst  forth  and  devastate 
the  land,  highly  charged  with  explosive  gas.  The  dwellers  of  Rotorua, 
Tauranga,  Whakatane,  and  Ohakune  live  over  it,  and  in  some  sense 
Wanganui,  Te  Kuiti,  New  Plymouth,  Napier,  Gisborne,  and  even  Auckland 
are  within  the  belt  that  confines  the  sleeping  monster. 

It  may  be  thought  that  this  is  theoretical  matter  that  the  geologists 
and  scholars  know  all  about.  This  is  a  delusion.  There  is  not  even  a 
compiled  statement  of  the  sequence  of  the  vaporings  of  Ngauruhoe  ;  there 
is  no  diary  of  small  felt  earthquakes  ;  there  is  no  list  of  Waimangu 
eruptions  and  their  times  ;  there  are  no  serial  photographs  of  White  Island 
showing  the  density  of  its  fuming  in  successive  months  or  years.  The 
writer  knows  of  no  analysis  of  the  sulphurous  gas  rising  in  hundreds  of 
places  at  Whakarewarewa  and  Wairakei,  and  probably  no  measurements 
of  temperature  have  been  made  since  the  time  of  Hochstetter.  And  yet 
these  places  are  rare  treasures  of  nature’s  building — shafts  many  miles  deep 
ready  dug  in  this  comer  of  the  globe,  and  ready  to  yield  priceless  infor¬ 
mation  when  once  they  are  harnessed  for  the  benefit  of  science  and  humanity. 
No  one  can  assert  that  they  may  not  yet  be  harnessed  to  furnish  power  or 
light  or  heat. 

Equipment  and  Cost. 

The  precedents  for  volcano  observatories  are  the  Royal  Vesuvian 
Observatory  ;  the  Taal  Observatory,  erected  in  the  Philippines  in  1912 
after  the  disaster  at  Taal  Volcano  ;  two  stations  on  Asarna,  in  Japan  ; 
and  the  Hawaiian  Volcano  Observatory  at  Kilauea  Crater. 

The  buildings  for  such  a  station  may  cost  anything  from  £500  to  £3,000 
or  more,  according  to  the  scale  of  the  work  and  the  size  of  the  staff.  £1,000 
should  build  a  suitable  house  of  five  rooms  and  a  seismograph  cellar  in  such 
a  place  as  Waimangu,  to  become  a  central  recording-station  for  the  New 
Zealand  work. 

The  running-expenses  and  purchase  of  equipment  may  be  lumped 
together  for  the  first  five  years  of  experimental  work,  and  £1,000  per  year 
would  be  a  fair  allowance.  If  the  work  could  be  under  the  supervision 
of  the'  Laboratory  of  Physics  of  Victoria  College,  all  of  the  apparatus 
might  well  be  made  in  the  excellent  shops  of  that  laboratory,  and  the 
division  of  labour  between  the  University  and  the  Government  should 
prove  profitable  to  both.  The  product  of  research  in  volcanology  would 
furnish  excellent  teaching-material  for  students  of  geophysics,  and  a 
University  equipment  in  men  and  workshops  is  the  only  available  source 
in  New  Zealand  for  skilful  physical  experimentation. 


164  The  N.Z.  Journal  of  Science  and  Technology.  [Sept. 

The  salary  list  at  the  outset  might  include  the  physicist  in  charge,  an 
assistant  for  operating  the  field  station,  and  one  or  two  labourers.  Probably 
£1,000  per  annum  would  cover  the  needs  of  this  budget,  but  if  the  esta¬ 
blishment  later  grew  to  proportions  demanding  the  whole  time  of  the 
Government  geophysicist  the  salary  allotment  would  have  to  be  increased 
accordingly.  This  would  be  dependent  on  an  adjustment  of  salaries 
between  the  University  and  the  Government. 

The  budget  for  a  modest  volcano  observatory;  then,  may  be  summa¬ 
rized  as  follows  :  First  year — Buildings,  £1,000  ;  salaries,  £1,000  ;  equip¬ 
ment  and  expenses,  £1,000  :  total,  £3,000.  Subsequent  years — Salaries, 
£1,000  ;  equipment  and  expenses,  £1,000  total,  £2,000. 

There  is  no  question  but  that  good  work  may  be  done  with  this  money 
in  making  a  beginning,  in  publishing  a  small  routine  record  of  results,  and 
in  building  up  an  equipment.  Everything  depends  on  the  man  in  charge 
and  his  devotion  to  the  work  and  capacity  to  stimulate  others.  The 
motive  concerns  true  missionary  work  in  science,  and  in  New  Zealand  it 
would  be  in  a  virgin  field  where  the  opportunity  for  discovery  should 
bring  its  own  reward.  Once  established,  the  work  will  demonstrate  its 
value  and  become  a  permanent  part  of  the  scientific  output  of  the  nation. 

Physical  Study  of  the  Hawaiian  Volcanoes. 

The  proposal  to  create  a  permanent  observatory  at  Kilauea  Volcano 
was  made  in  1909  through  the  Massachusetts  Institute  of  Technology, 
Richard  C.  Maclaurin  being  president.  The  business  men  of  Honolulu 
accepted  the  proposition,  and  an  association  for  volcano  research  was  incor¬ 
porated.  The  first  systematic  recording  was  done  in  1911,  and  in  the 
spring  of  1912  an  observatory  building  was  erected.  Thereafter  the  work 
was  continuously  in  charge  of  Dr.  T.  A.  Jaggar,  who  had  made  the  first 
proposal  in  the  capacity  of  Professor  of  Geology.  In  1919  the  Hawaiian 
Volcano  Observatory  and  its  staff  were  taken  over  by  the  Federal  Govern¬ 
ment,  and  its  monthly  Bulletin  continued  as  a  publication  of  the  United 
States  Weather  Bureau.  The  administration  of  the  observatory  is  now 
under  the  chief  of  that  bureau,  Hon.  C.  F.  Marvin,  himself  a  seismologist 
of .  distinction,  and  Dr.  Jaggar  s  title  has  become  Volcanologist  in  charge 
of  the  Observatory.  The  Hawaiian  Volcano  Research  Association  continues 
its  active  interest  and  support,  aiming  to  interest  other  nations  around  the 
Pacific,  and  to  furnish  funds  for  special  investigations  ;  its  observatory 
buildings  are  leased  to  the  Government.  The  staff,  other  than  the 
Volcanologist,  includes  first  assistant,  librarian,  mechanic,  and  janitor. 

The  programme  of  physical  volcanology  as  an  experimental  science 
involves  —  (1)  Volcanologic  experiments  ;  (2)  seismometric  experiments  ; 

(3)  systematic  and  continuous  record  ;  (4)  computation  of  volcanic  energy. 

The  first  two  of  these  furnish  method  for  improvement  of  the  recording, 
and  the  last  is  the  ultimate  goal  of  the  science.  There  is  work  for  many 
lifetimes  of  many  men  in  the  first  three  alone.  Until  there  is  a  world 
volcano  service,  organized  like  the  international  astronomic  and  geodetic 
services,  the  science  of  the  earth’s  interior  will  remain  largely  a  blank. 

Some  results  attained  by  nine  years  of  work  at  the  Hawaiian  Obser¬ 
vatory  are  summarized  in  the  paragraphs  which  follow.  These  epitomize 
the  conclusions  of  an  article  by  the  writer  now  in  press,  which  will  shortly 
be  published  in  full.  The  following  definitions  will  serve  to  make  intel¬ 
ligible  the  terms  used  :  “  Hypomagma  ”  is  the  under-magma  with  gases 
in  solution  ;  “  pyromagma  ”  is  the  liquid  or  vesiculate  lava  of  surface  pools 
and  flows  at  an  active  volcano  ;  “  epimagma  ”  is  the  residue  of  pyromagma 
which  has  lost  its  gas  completely,  leaving  a  “  dead  ”  scoriaceous  product ; 
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“  dermolith  ”  is  smooth  lava  with  a  membrane  or  skin  outside,,  and 
spherical  vesicles  ;  “  clastolith”  is  scoriaceous  lava  with  deformed  vesicles  ; 
“  perilith  ”  is  the  confining  wall  of  a  live  lava-system,  whether  it  bound 
fissures,  or  a  crater,  or  a  complex  of  both. 

The  Hawaiian  Observatory,  where  the  seismographs  are  mounted,  is 
twenty-two  miles  nearly  east  of  the  high  central  crater  of  Mauna  Loa. 
This  crater  is  considered  the  main  volcanic  centrum  for  the  Hawaiian 
volcanic  system.  A  zone  of  rifts  passes  through  this  crater,  different  parts 
of  which  have  emitted  lava  at  different  times,  and  it  is  the  distance  of 
this  zone  from  the  observatory  which  is  spoken  of  in  the  following  as 
“  Mauna  Loa  distance.”  Kilauea  Mountain,  where  the  observatory  is 
placed,  has  other  fault-fractures  and  lava-vents  not  so  far  away,  and  these 
are  referred  to  in  the  mention  of  “  shorter  distance.” 

Summary  of  Results. 

Lava-column. 

1.  The  hypomagma,  with  reagent  gases  in  solution,  dominantly  hydrogen, 
carbon  compounds,  and  sulphur,  is  the  actuating  medium  for  the  phenomena 
of  volcanism. 

2.  The  pyro magma,  vesiculated  and  heated  by  gases,  is  the  fluent  lava 
of  volcanoes  described  as  dermolithic — the  pahoelioe  of  Hawaii.  Gases 
escape  from  solution  within  it  and  react  exothermally  up  to  the  time  of 
•congelation. 

3.  The  epimagma  is  made  by  subaerial  processes,  where  convectional 
stirring  or  flowage  releases  gas  completely,  and  the  vesiculate  residue 
solidifies  in  granular  or  efflorescent  forms.  These  are  described  as  clas- 
tolithic  lava— the  aa  of  Hawaii. 

4.  The  bench  magma  of  Halemaumau,  the  mobile  floors,  crags,  and  lake- 
bottoms  of  the  lava-pools,  is  epimagma  mixed  with  congealed  pyromagma. 

5.  The  effective  structural  unit  in  active  volcanicity  is  the  volcanic 
system,  a  rift  complex  ;  and  the  lava-column  is  bounded  by  the  perilith, 
the  confining  wall  of  the  volcanic  system. 

6.  The  lava-column  is  a  foam  bubbling  more  or  less  as  gases  are  released 
by  change  of  pressure,  and  more  or  less  viscous  as  heated  by  gas  reactions. 
Pressure  may  be  increased  and  gas-release  restrained  by  its  own  dermal 
■consolidation. 

7.  Oxidation  of  the  iron  through  invasion  of  epimagma  tic  vesicles  by 
air,  while  clastolithic  lava  is  hot,  is  apparent  in  such  lava,  and  may  be 
a  powerful  exothermic  agency  in  keeping  such  lava  fluid. 

8.  There  is  a  complicated  crateral  circulation  maintained  by  convection  : 
effervescing  pyromagma  rises,  and  both  its  crusts  and  its  epimagmatic 
residue  sink  ;  pyromagma  maintains  a  tubular  plexus  in  the  mobile  sub¬ 
stance  of  the  bench  magma  ;  this  substance  is  itself  in  slow  circulation 
under  the  weighting  of  overflows  and  the  accretions  of  epimagma.  The 
hypomagma  beneath  is  sensitive  to  the  pressure-effects.  There  is  an 
incessant  deep  flow  of  the  under-substances  towards  the  region  of  minimum 
load. 

9.  Tumefaction  in  hypomagma  is  propagated  in  the  directions  of  least 
loading  wherever  bubble-pressure  gains  headway  and  releases  new  gas  to 
the  bubble  form.  Linear  expansion  in  the  perilith  by  gas  heating  may 
contribute  to  the  surface  evidence  of  tumescence. 

Seismic  Effects. 

10.  Underground  magma  is  restrained  by  the  perilith.  Trigger-release 
of  pressure  resides  in  the  seasonal  tides  that  pass  through  the  rock  crust 
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of  the  globe.  Slight  stress-changes  affecting  extensive  perilithic  belts  may 
induce  intense  tumefying  action  which  strains  the  volcanic  edifice  to  the 
breaking-point.  Tilts,  tremors,  volcanic  eruptions,  and  earthquake  swarms 
result. 

11.  Deep  tumescence  occasions  simultaneous  tilt  and  tremor,  which  act 
slowly  through  weeks  preceding  eruption. 

12.  At  the  Hawaiian  Observatory  east  tilt  precedes  visible  rising  of  lava 
by  eighteen  days,  and  west  tilt  precedes  sinking  of  lava  by  a  like  interval. 
The  beginnings  of  rapid  forced  movements  away  from  the  volcanic  centrum 
exhibit  the  most  perfect  accordances  with  the  subsequent  lava-risings. 

13.  Allowing  for  diurnal  temperature  effects,  which  are  measured  and 
definite,  the  longer-term  tiltings  resolve  themselves  into  quasi-rhythmic 
decaying  series  of  tilt  waves,  the  series  of  quarterly,  and  the  waves  of 
monthly,  period.  These  groupings  suggest  a  solar  and  a  lunar  causation. 
The  angular  amount  of  the  tiltings  is  excessive.  The  mean  directions  are 
away  from  and  towards  the  volcanic  centrum.  The  subsequent  lava- 
movements  show  similar  rhythms. 

14.  Quick  microtremor  of  one-fifth-second  period  occurs  in  spasms  which 
in  frequency  and  amplitude  vary  directly  with  angular  amounts  of  tilting. 
Harmonic  micro  tremor  of  slower  period  also  occurs,  and  tends  also  to  vary 
in  amplitude  with  the  tilting.  The  harmonic  tremor  has  definite  N.E.-S.W. 
direction  of  propagation. 

15.  Local  earthquakes  have  maximum  intensity  and  minimum  frequency 
when  the  lava  is  lowest  and  the  crater-orifices  are  clogged.  Maximum 
frequency  and  moderate  intensity  occur  when  the  lava  is  flowing  freely  and 
effervescence  in  the  crater-pits  is  abundant. 

16.  In  contrast  to  tilt  and  tremor,  increased  frequency  of  local  earth¬ 
quakes  shows  instantaneous  agreement  with  times  of  rising  lava  and  high 
lava  culminations. 

17.  The  distances  of  local  earthquake  origins,  judged  by  measurement 
of  preliminary  tremors,  accord  with  Mauna  Loa  distance  from  station  for 
Mauna  Loa  eruptions,  and  for  Kilauea  activities  a  much  shorter  distance  is 
indicated.  Slow  subsidences  of  Kilauea  lava  culminate  in  earthquakes  at 
Mauna  Loa  distances.  Rapid  subsidences  of  Kilauea  lava  usually  follow 
earthquake  swarms  which  began  at  Mauna  Loa  distances. 

18.  Earthquake  frequency  and  lava  culminations  of  rising  both  show 
tendency  for  crests  to  occur  near  equinox  with  some  lag  after  equinox. 
The  troughs  appear  to  be  reactions  following  the  equinox  effect. 

19.  In  a  rough  way  weekly  earthquake  frequency  expresses  the  rate  of 
movement  of  the  lava-column  and  the  quasi-rhythmic  monthly  period. 

Instrumental  Equipment. 

For  measuring  tilt,  tremor,  local  earthquakes,  and  distant  earthquakes 
at  least  two  pairs  of  horizontal  pendulums  are  necessary.  For  practical 
purposes  optical  registration  is  not  necessary,  though  it  may  be  desirable 
if  vertical  component  registration  and  tilt-free  records  of  teleseismic 
disturbances  are  sought.  A  series  of  seismometric  experiments  at  the 
Hawaiian  Observatory,  by  Dr.  Arnold  Romberg  and  the  writer,  demon¬ 
strated  that  for  quick  local  movements  smoked  paper  is  better  than  bromide 
paper,  as  a  very  quick  vibration  may  fail  to  register  photographically. 
Horizontal  pendulums  are  simple  to  construct,  but  the  chronograph-drum 
must  have  an  equable  rate,  and  the  transmission-levers  require  some 
delicacy  of  adjustment. 

The  clinograph,  or  tilt  instrument,  consists  of  a  light  boom  10  ft.  long 
suspended  from  a  4-foot  pier  with  a  10  lb.  weight  near  the  end  hanging  in 
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a  bath  of  ordinary  automobile  oil.  Upper  and  lower  suspensions  are  both 
of  steel  piano-wire.  The  writing-stile  at  the  end  of  the  boom  is  pivoted 
directly  to  the  boom  Avithout  magnification  levers.  The  tip  rests  on  a 
drum-surface  that  moves  only  1  mm.  per  hour,  or  about  1  in.  per  day. 
This  motion  need  not  be  continuous,  and  so  may  be  actuated  by  the  time- 
clock  contact,  a  magnet  and  ratchet  taking  effect  once  an  hour.  Three 
weeks  or  longer  may  easily  be  registered  without  resmoking.  The  free 
period  of  the  instrument  at  the  Hawaiian  station  is  seventy-two  seconds, 
and.  the  damping  aperiodic.  Tilt  is  measured  from  a  fixed  line  of  hour 
dots  stamped  on  the  sheet  by  an  arm  external  to  the  drum-carriage.  The 
registered  line  sIloavs  the  diurnal  temperature  tilt  curve,  and  a  longer  period 
wandering  in  large  measure  volcanic.  Two  such  instruments  should  be  set 
up  respectively  in  the  meridian  and  at  right  angles  to  it.  These  instru¬ 
ments  have  proA7ed  unexpectedly  serviceable  for  strong  local  shocks,  the 
absence  of  magnification  keeping  the  apparatus  from  derangement,  and  the 
maximum  amplitude  appearing  directly  on  the  tracing. 

Tremor  and  local  earthquakes  require  a  magnification  of  100  and  a  high¬ 
speed  drum  moving  at  least.  30  mm.  per  minute.  This  means  a  change 
of  sheets  every  twelve  hours.  In  Hawaii  we  have  rebuilt  the  Bosch 
100  kg.  instruments,  damping  them  with  rigid  vanes  in  sets  of  four  immersed 
in  oil-tanks  under  the  booms.  The  vanes  lie  in  the  oil  edgewise  to  the 
directions  of  swing.  The  transmission  from  boom  to  magnifying-lever  is 
a  light  T  bar  with  polished  steel  pins  at  each  end  of  the  cross-bar  ;  these 
pins  rest  in  watch-jewels  sunk  in  sockets  in  the  boom  and  lever-arms 
respectively.  Guards  of  light  spring  brass  prevent  the  T  bar  from  being 
dislodged  during  a  strongish  shock.  Quick  local  earthquakes  with  such 
apparatus  register  the  P  and  S  tremors  very  well  when  these  are  present, 
and  the  L  waves  are  strong  and  smooth,  without  dotting.  Time  is  marked 
every  minute  by  electro-magnets  which  lift  the  stile-tip,  the  latter  being  of 
steel  magnetized  with  polarity  opposite  to  the  lifting-magnet.  A  gap  in 
the  scratched  line  results,  just  as  in  the  optical  records.  A  pendulum 
period  of  from  seven  to  ten  seconds  is  quite  long  enough  for  local  quakes. 
Volcanic  tremor  appears  in  all  the  sheets  of  the  HaAvaiian  record  as  fine 
undulations  of  the  line,  best  seen  with  a  magnifier.  We  have  arranged 
the  N.-S.  and  E.-W.  pendulums  so  that  both  stiles  register  on  a  single 
drum,  showing  both  records  side  by  side  on  the  same  sheet,  and  greatly 
reducing  the  labour. 

Notes  on  our  experiments  in  teleseismic  registration  will  be  found  in 
recent  numbers  of  the  Bulletin  of  the  Seism, ological  Society  of  America 
The  volcanologic  instruments  are  chiefly  thermometers,  thermo-couples, 
cameras,  transits,  plane-tables,  vacuum-tubes,  steel  pipes,  and  Seger  cones, 
along  with  much  apparatus  devised  as  occasion  demands,  and  so  requiring 
shop  tools.  All  of  this  material  is  the  ordinary  equipment  of  a  physical 
laboratory,  and  each  volcanic  field  requires  experimental  study  in  order 
to  determine  Avhat  is  needed.  The  bulletins  issued  by  Professor  Ornori 
in  Japan  and  by  the  Hawaiian  Volcano  Observatory*  give  evidence  of  what 
experimental  adventures  the  workers  have  met  with  in  two  different  fields. 
Incidentally  the  ordinary  meteorological  records  should  be  kept  at  a  volcano 
station,  in  order  to  check  the  volcanic  events  against  pressure.,  temperature, 
&c.  Fairly  accurate  time-keeping  is,  of  course,  an  essential,  and  if 
subsidiary  stations  are  established,  uniform  time-keeping  among  the  stations 
is  imperative. 


*  See  references  in  Nature,  21st  March,  1918. 
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A  TOKI  TITAHA,  OR  STONE  AXE,  FROM  TARANAKI. 

By  Elsdon  Best,  Dominion  Museum. 

The  term  “  axe  ”  is  loosely  applied  to  the  stone  tools  formerly  employed 
by  the  Maori  for  timber-working  purposes,  the  vast  majority  of  which 
were  undoubtedly  hafted  and  used  as  adzes.  The  true  axe,  hafted  with 
the  cutting-edge  in  line  with  the  handle,  was,  however,  used  to  a  limited 
extent,  and  the  illustrations  show  such  an  implement  obtained  from 
natives  of  Parihaka  many  years  ago.  The  stone  blade  is  7  in.  in  length 


Told  titaha,  or  stone  axe. 

and  2§  in.  in  width  across  the  cutting-edge.  It  is  inserted  in  a  cleft  or 
mortise  in  the  “  shoe  ”  of  the  handle,  from  which  it  projects  4  in.,  and  is 
secured  by  a  neat  lashing  of  aha  (stems  of  climbing-plants).  The  blade 
is  of  axe  form,  its  cutting-edge  being  in  the  axial  centre  of  the  implement, 
or  very  nearly  so.  This  is  by  no  means  an  example  of  pre-European 
hafting,  but  the  axe  was  mounted  in  the  manner  formerly  employed  by 
natives  of  that  district.  Further  information  on  this  subject  may  be  found 
in  Dominion  Museum  Bulletin  No.  4,  pp.  140,  141,  149-152. 

This  implement  is  the  property  of  Mr.  Minton,  of  Otaki,  to  whom  the 
Dominion  Museum  is  indebted  for  the.  loan  of  it. 


1920.] 
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TWO  GREENSTONE  PENDANTS. 


By  Elsdon  Best,  Dominion  Museum. 

Pekapeka,  a  Rare  Form  of  Neck-pendant. 

Fig.  1  shows  a  curious  form  of  pendant  formerly  worn  by  the  Maori.  It 
was  apparently  a  much  rarer  form  than  the  tiki,  or  heitiki,  but  not  so  rare 
as  the  koropepe.  It  has  been  noted  that  no  good  illustration  of  this  style 
of  pendant  appears  in 
Hamilton’s  Maori  Art  — 
merely  a  few  in  plate  xlix, 
on  so  diminutive  a  scale  as 
to  be  of  no  service. 

This  specimen  was 
found  at  Oeo,  Taranaki, 
about  twenty  years  ago. 

It  is  a  well-finished  object, 
the  result  of  long-continued 
and  patient  labour.  So  in¬ 
tensely  hard  is  this  form  of 
nephrite  that  one  marvels 
how  neolithic  man  could 
have  worked  it  so  well. 

The  pendant  measures  2^  in.  by  ljin.,  and  in  design  it  is  much  simpler 
than  some  I  have  seen.  The  two  heads  are  unusually  clear-cut  and 
distinc  ,  lacking  the  conventionalized  or  excessively  grotesque  aspect  often 
seen  in  such  things.  The  eyes  are  disproportionately  large,  but  they 
could  scarcely  have  been  made  smaller  owing  to  the  rudeness  of  the 
process  employed  by  the  Maori  lapidary. 


Fig.  1. — Greenstone  pekapeka. 


Fig.  2. — Greenstone 
koropepe. 


Koropepe  . 

Fig.  2  shows  a  well-formed  and  smoothly 
finished  koropepe  pendant  of  nephrite  found  at 
Kawakawa,  Bay  of  Islands  district.  It  is  a  small 
object,  in.  in  depth,  and  is  pierced  for 
suspension.  The  task  of  manufacturing  this  object 
must  have  been  extremely  slow  and  tedious,  stone 
gravers  and  sand-grit  being  the  agents  employed. 
A  similar  specimen  is  shown  at  page  76  of  vol.  11 
of  the  Journal  of  the  Polynesian  Society,  where 
it  is  stated  that  two  specimens  in  bone  are 
known,  and  apparently  specimens  in  ivory  are 
referred  to. 
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NATURAL-HISTORY  NOTES. 

Verconella  adust  a  :  a  Correction. 

A  misprint  occurred  in  Mr.  Hedley’s  note  in  the  February  number 
(p.  54),  by  which  he  was  made  to  suggest  that  Siphonalia  dilatata  of 
Suters  Manual  should  take  the  name  of  Verconella  adjusta  (Phil.).  The 
correct  name  is  V.  adusta.  A  photograph  of  this  species  and  of  the  true 
Verconella  dilatata  is  reproduced. 


Pig.  I. —  Verconella  adusta  (Phil.).  Fig.  2. — Verconella  dilatata,  (Q.  &  G. ). 

Three-quarters  natural  size.  Three-quarters  natural  size. 


A  Note  on  Pleurobranchaea  novae- zelandiae  Cheeseman,  by  Miss 
M.  K.  Mestayer,  Dominion  Museum. 

An  interesting  addition  to  the  aquarium  at  the  Dominion  Museum 
was  obtained  at  Island  Bay  on  the  28th  February  by  a  member  of  the 
Natural-history  Section  of  the  Wellington  Philosophical  Society,  who 
found  a  specimen  of  the  above  species. 
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It  is  one  of  the  shell-less  mollusca,  and  this  specimen  is  about  2J  in. 
in  length  and  1 J  in.  in  breadth,  of  a  semi-translucent  greyish-white  on 
the  under-surface,  with  the  back  mottled  with  light  brown.  Its  favourite 
position  in  the  aquarium  is  to  float  foot  upwards  on  the  surface  of  the 
water,  though  it  is  a  restless  creature  and  crawls  all  over  the  aquarium. 
It  is  carnivorous,  taking- 
scraps  of  either  raw  meat  or 
raw  fish  with  almost  equal 
readiness. 

On  the  9th  March  it  de¬ 
posited  a  small  coil  of  spawn 
on  the  side  of  the  glass, 
which  after  a  few  days  dis¬ 
integrated,  leaving  the  egg- 
granules  loose  in  the  water. 

So  far  I  am  unable  to  say 
whether  any  have  hatched 
out.  Another  and  larger  coil 
was  deposited  near  the  top 
of  the  aquarium  on  the  29th  March,  which  was  photographed  by  Mr.  H. 
Hamilton,  and  is  here  figured  natural  size. 

This  coil  had  completely  disappeared  by  the  27th  April,  but  on 
the  22nd  April  a  third  coil  was  deposited  which  remained  in  good 
condition  for  a  week,  but  by  the  18th  May  had  almost  entirely  dis¬ 
integrated. 

The  black  specks  on  the  spawn  are  due  to  the  minute  vegetable  growth 
on  the  side  of  the  aquarium. 


Note  on  the  Spawn-coils  of  Kerguelenia  obliquata  (Sowerby),  by  Miss 

M.  K.  Mestayer,  Dominion  Museum. 

This  species  is  fairly  common  on  rocks  between  tide-marks  from 
Cook  Strait  southwards  to  the  Auckland  Islands,  particularly  during 
the  summer  months,  and  its  relatively  large  size  and  beautiful  interior 

make  it  well  known  to  shell-hunters  along 
our  coasts.  A  remarkably  clean  specimen 
obtained  by  Dr.  J.  A.  Thomson  near 
Dunedin  is  here  figured. 

From  about  October  to  the  ena  of 
April  gelatinous  ribbon  -  like  coils  of 
spawn  may  frequently  be  found  in  more 
or  less  close  association  with  this  species. 
As  a  general  rule  it  is  almost  certain 
that  at  least  one  specimen  may  be 
found  within  quite  a  short  distance  of 
a  coil,  and  very  often  two  or  three  are 
close  together. 

The  coil  here  figured  was  photographed  at  Island  Bay,  Cook  Strait, 
on  the  23rd  April  of  this  year  (fig.  2).  The  coils  average  about  1  in. 
in  diameter  and  about  J  in.  in  height.  Though  I  have  not  been  able 
to  see  the  spawn  being  laid,  yet  for  many  years  I  have  observed 
the  constant  association  of  the  coils  with  the  near  presence  of  this 


[E.  Tomlinson ,  photo. 

Fig.  1. — Kerguelenia  obliquata. 
Natural  size. 


[ H .  Hamilton ,  photo. 

Spawn  of  Pleurobranchaea  novae- zelandiae. 
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species,  and  when  I  pointed  it  out  to  Mr.  C.  Hedley  he  confirmed  my 
identification.* 

The  Siphonariidae  are  often  confused  with  the  limpets,  owing  to  their 
superficial  resemblance,  yet  structurally  they  are  very  different,  one 
important  difference  being  that  they  are  beginning  to  develop  traces  of  a 
rudimentary  lung,  which  the  limpets  do  not  possess. 


[M.  Mestayer,  photo. 

Fig.  2.— Spawn  of  Kerguelenia  obliquata.  About  half 

natural  size. 

If  saw  fresh-looking  coils  of  this  spawn  on  the  rocks  at  the  eastern  end 
of  Lyall  Bay  on  the  24th  April  of  this  year,  but  cannot  say  for  certain  how 
muchGonger  the  spawning  season  may  last. 


DEPARTMENTAL  REPORT. 

Avoca  or  Whatarama  District — Mount  Torlesse 

Collieries,  &c.*j* 

By  P.  G.  Morgan,  Director,  Geological  Survey. 

From  the  19th  to  the  22nd  January,  1918,  I  was  at  Avoca  (post-office  name 
“  Whatarama  ”),  on  the  Midland  Bailway.  During  that  time  1  examined 
the  coal-bearing  area  held  by  Mount  Torlesse  Collieries  (Limited)  and  part 
of  the  adjoining  district. 

Avoca  is  sixty  miles  from  Christchurch,  in  the  midst  of  the  high  rugged 
country  west  of  the  Canterbury  Plains.  The  railway -station  is  1,642  ft. 
above  sea-level.  The  mountains  in  this  part  of  Canterbury  are  more  or  less 
isolated  masses,  separated  by  deep  valleys  with  comparatively  wide  bottoms, 
formed  during  a  bygone  stage  of  the  present  major  cycle  of  erosion.  In 
those  cases  where  the  valleys  are  traversed  by  large  streams,  these  are 


*  Since  this  note  was  written  Professor  H.  B.  Kirk  has  informed  me  that  he  has 
seen  this  spawn  being  laid. 

f  Report  written  in  February,  1918. 
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found  to  have  incised  deep  gorges  in  the  ancient  valley-floors,  but  the  smaller 
streams— for  example,  Sloven’s  Creek — have  cut  gorges  only  near  their 
junctions  with  the  larger  streams,  and  higher  up  flow  in  shallow  channels 
cut  in  the  gravels  that  cover  the  hard  rock  floors  of  the  valleys.  The  main 
valleys,  and  in  many  places  the  subsidiary  valleys  also,  are  bordered  by 
great  gravel-veneered  terraces,  some  of  which  are  600  ft.  or  more  above  the 
present  streams.  Although  the  valleys  have  been  partly  formed  by  stream 
erosion  and  to  a  smaller  extent  by  ice  erosion,  block-faulting  accompanied 
by  warping  has  had  a  great  influence  in  the  evolution  of  the  present 
topographical  forms. 

The  prevailing  rock-formation  throughout  western  Canterbury  is  a  great 
series  of  greywackes  and  argillites,  generally  supposed  to  be  of  Trias-Jura 
age.  In  the  foothills  district  there  is  a  considerable  development  of  coal¬ 
bearing  Cretaceous  and  Tertiary  rocks,  which  lie  upon  the  greywackes  with 
most  uncompromising  unconformity,  and  in  places  are  associated  with 
various  types  of  igneous  rock  in  the  form  of  dykes,  sills,  and  flows.  West  of 
the  foothills  region  are  isolated  patches  of  Cretaceous  or  Tertiary  rocks, 
most  of  which  have  been  mapped  bv  von  Haast.*  These  patches  owe 
their  existence  to  down-faulting  and  down-warping,  which  have  saved  them 
from  erosion.  The  only  other  rocks  of  the  mountain  region  are  Pleistocene 
and  Recent  gravels,  the  former  in  part  of  glacial  origin. 

The  coalfield  which  is  about  to  be  worked  by  Mount  Torlesse  Collieries 
lies  in  the  valley  of  Broken  River,  one  and  a  half  to  three  miles  south-west 
of  Avoca  Railway-station.  To  the  south  is  Mount  Torlesse  (6,422  ft.),  to  the 
north  the  isolated  mountain  No  Man’s  Land  (3,662  ft.).  The  coal-bearing 
area  appears  to  be  about  two  square  miles,  half  of  which  is  on  the  north  sid.e 
of  Broken  River  between  Rocky  and  Winding  streams,  and  half  on  the  south 
side.  The  coal-measures  consist  of  a  basal  conglomerate,  usually  thin  and 
in  places  absent,  resting  on  greywacke,  and  followed  by  a  considerable  thick¬ 
ness  of  light-coloured  sandstone — several  hundred  feet — which  in  its  lower 
part  is  interstratified  with  bands  of  carbonaceous  shale  and  coal.  The  sand¬ 
stone  gradually  passes  into  greensand,  of  which  there  is  also  a  great  thick¬ 
ness.  Near  the  top  of  the  sandstone  there  is  in  places  a  band  or  bands  of 
more  or  less  shelly  conglomerate.  The  shells  found  here  and  in  a  similar 
conglomerate  north  of  No  Man’s  Land  include  Inoceramus  sp.,  Ostrea  sp.= 
“  black  oyster  ”  of  Hector  and  McKay,  and  casts  of  Conchothyra  parasitica 
(McCoy  MS.)  Hutton.  These  fossils  clearly  indicate  that  the  coal-measures 
are  of  Cretaceous  age.  In  the  Castle  Hill  district  (Trelissick  Basin)  similar 
beds,  also  with  Cretaceous  fossils,  are  succeeded  by  marls,  limestones, 
tuffs,  sandstones,  &c.,  which  from  the  lowest  tuff  band  upwards  contain  a 
Tertiary  fauna.  Speightf  states  that  layers  of  volcanic  fragmentary 
matter,  associated  with  beds  of  calcareous  material,  occur  near  the  junction 
of  Sloven’s  Creek  with  Broken  River.  A  basic  dyke  (mentioned  by  Speight) 
crosses  Iron  Creek  rather  less  than  a  mile  above  its  junction  with  Broken 
River.  The  dyke  is  perhaps  25  ft.  thick,  and  appears  to  strike  westward 
on  one  side  of  the  creek  and  north-eastward  on  the  other.  A  similar  dyke 
is  seen  intruding  a  large  coal-seam  on  the  south  side  of  Broken  River  a 
short  distance  above  the  mouth  of  Iron  Creek.  The  alteration  produced  in 
the  coal  will  be  described  later.  Both  dykes  consist  of  dark  fine-grained 


*  See  map  accompanying  Geology  of  Canterbury  and  Westland,  1879. 
t  R.  Speight,  The  Stratigraphy  of  the  Tertiary  Beds  of  the  Trelissick  or  Castle 
Hill  Basin,  Trans.  N.Z.  Inst.,  vol.  49,  p.  343,  1917. 
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rock  in  which  the  only  crystals  distinguishable  by  the  eye  are  a  few  small 
feldspars. 

Coal-outcrops. 

In  the  valley  of  Alum  Creek,  a  small  tributary  of  Broken  River  travers¬ 
ing  the  eastern  part  of  the  coal-measure  area  south  of  the  river,  several 
seams  of  coal  outcrop,  one  at  least  of  considerable  thickness  and  good  quality, 
but  they  stand  almost  on  edge,  and  are  so  contorted  as  to  have  little  value 
from  a  mining  point  of  view.  To  the  westward  the  beds  flatten,  but  a  few 
chains  from  Alum  Creek  are  interrupted  by  a  fault  with  a  considerable 
downthrow  to  the  westward.  From  this  point  to  near  Winding  Stream  the 
coal-measures  are  fairly  regular,  and  show  a  moderate  dip  to  the  west  of 
south.  On  the  north  side  of  Broken  River  a  sandstone  cliff  shows  several 
seams,  the  lowest  of  which  at  a  point  1,430  ft.  above  sea-level  (barometric 
height)  is  being  opened  up  by  three  adits,  none  of  which  was  of  any  great 
length  at  the  time  of  my  visit.  These  show  the  seam  to  have  a  maximum 
thickness  of  9  ft.  of  clean  coal,  but  not  far  from  the  entrance  of  each  adit 
stone  bands  appear,  and  a  roll  has  the  effect  of  further  diminishing  the 
thickness  of  the  coal-seam.  The  main  drift  is  projected  on  a  north-west 
course,  with  an  up-grade  of  1  in  12,  which  will  bring  it  out  in  the  valley  of 
Winding  Stream,  quite  a  mile  away.*  The  coal  being  mined  is  hard,  bright, 
and  evidently  very  suitable  for  household  use.  It  is  a  high-class  brown 
coal,  with  about  15  per  cent,  of  contained  water. 

Higher  up  Broken  River  the  coal-horizon,  owing  to  the  dip  of  the  strata, 
is  below  the  level  of  the  stream,  and  a  considerable  area  to  the  south  of  the 
river  which  probably  contains  workable  coal  will  have  to  be  developed  by 
means  of  a  dip  drift.  Above  Iron  Creek,  however,  thick  coal  is  seen  on  the 
south  side  of  the  river,  and,  as  already  mentioned,  is  intruded  by  a  dyke  of 
some  size.  This  appears  as  a  sill-like  band  in  the  coal  at  two  points.  At 
one  of  these  the  coal  for  2  ft.  above  the  igneous  rock  is  converted  into  a 
hard,  black  stone-like  material,  which  may  be  termed  coke  rather  than 
anthracite.  Above  this  for  2  ft.  or  3  ft.  the  coal  is  in  the  form  of  small 
prisms  of  coke,  exactly  resembling  columnar  basalt  in  structure,  except  that 
the  columns  are  only  from  ^  in.  to  2  in.  in  diameter.  Above  the  prisms 
the  coal  is  apparently  unaltered.  A  little  farther  up  stream  several  feet  of 
prismatic  coke  directly  overlies  the  dyke.  Below  the  igneous  rock  and 
'k  frozen  ”  to  it  is  3  in.  of  stony  coke,  passing  downward  into  apparently 
unaltered  coal.  It  is  possible  that  the  “  coke  ”  is  partly  graphitized. 

Of  considerable  interest  is  a  hitherto  undescribed  area  of  coal-measures 
occupying  the  low  ground  between  No  Man’s  Land  and  Mount  St.  Bernard 
to  the  north.  Coal  outcrops  at  a  point  known  as  Coal  Creek,  between  the 
small  lake  named  Vagabond’s  Inn  and  the  railway-line  (barometric  height 
1,850  ft.).  It  is  not  very  thick,  but  is  associated  with  a  considerable  thick¬ 
ness  of  carbonaceous  shale.  The  strike  is  211°  magnetic,  and  the  dip  70° 
to  the  north  of  west.  To  the  north-west  the  sandstones  overlying  the  coal 
are  seen  to  show  gentle  dips,  so  that  the  steep  dip  observed  at  the  coal- out¬ 
crop  does  not  persist  in  that  direction.  Over  a  mile  to  the  southward  coal- 
outcrops  belonging  to  more  than  one  seam  are  again  seen  a  short  distance 


*  Since  this  was  written  coal- winning  on  the  north  side  of  Broken  River  has  been 
discontinued,  but  a  dip  prospecting-drift  is  in  progress.  At  present  (March,  1920)  the 
Mount  Torlesse  Collieries  is  working  the  steeply  dipping  coal-seams  on  the  south  side  of 
the  river.  These  yield  very  friable  coal. 
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west  of  the  railway,  and  at  one  place  the  coal,  4  ft.  thick,  was  worked  a  few 
years  ago  by  the  Public  Works  Department  in  order  to  supply  fuel  to  the 
men  employed  on  railway-construction.  The  seam  here  strikes  about  220°, 
and  dips  steeply  to  the  north  of  west.  A  barometer-reading  at  a  point 
where  coal  outcrops  gave  a  height  of  1,860  ft. 

Low  down  on  the  northern  slope  of  No  Man’s  Land,  at  a  barometric 
height  of  2,160  ft.,  sandstones  and  a  band  of  shell  conglomerate  outcrop. 
These  beds  have  a  dip  of  from  30°  to  40°  to  the  north.  At  one  place  the 
conglomerate  is  composed  almost  entirely  of  oyster-shells,  apparently  the 
“  black  oyster  ”  mentioned  by  Hector  and  McKay  in  various  old  geological 
reports. 

The  area  of  the  patch  of  coal-measures  north  of  No  Man’s  Land  cannot 
be  stated  until  a  careful  survey  is  made,  but  it  certainly  exceeds  a  square 
mile.  Several  hundred  acres  of  the  area  may  possibly  contain  workable 
coal,  but  this  has  to  be  proved  or  disproved  by  boring  or  some  other  method 
of  prospecting. 

Structure  an d  Faulting  of  Coal-measures. 

In  the  course  of  my  short  visit  it  was  impossible  to  ascertain  the 
structure  of  the  coal-bearing  rocks  with  any  degree  of  exactness.  In  this 
connection  the  most  striking  feature  is  the  manner  in  which  the  patches  of 
coal-measures  have  been  preserved  by  down-faulting  and  warping.  Several 
important  faults  strike  east  of  north.  Two  such  faults  have  apparently 
determined  the  boundaries  of  the  Broken  River  coal-measures.  So  far  as 
can  be  judged  from  a  distant  view,  an  east-and-west  fault  at  the  foot  of 
Mount  Torlesse  there  cuts  off  the  southern  extension  of  the  southerly -dipping 
coal-bearing  rocks.  To  the  north  these  terminate  by  erosion  high  on  the 
slopes  of  No  Man’s  Land,  but  reappear  low  down  on  the  northern  slopes 
with  a  northerly  dip.  Careful  field-work  will  easily  determine  many 
important  faults  and  other  structural  features  with  a  fair  degree  of  accuracy, 
and  in  the  meantime  it  is  not  advisable  to  attempt  a  detailed  description 
that  must  in  some  respects  be  inaccurate  or  at  least  incomplete. 

Note. — Since  the  above  report  was  written  Mr.  R.  Speight  has  published  a  full 
account  of  the  Broken  River  district  in  this  Journal,  vol.  3,  No.  2,  April,  1920,  and  the 
present  issue,  under  the  title  of  “  The  Geological  Features  of  the  Broken  River  Coal 
Area.” 


UNIVERSITY  AND  SCIENTIFIC  NEWS. 

Dominion  Museum. 

Ethnographical  Explorations. 

The  collecting  and  recording  of  Maori  songs,  games,  industrial  tasks,  &c., 
by  means  of  the  dictaphone  and  moving-picture  camera  is  a  new  activity 
in  New  Zealand,  and  one  that  will  apparently  be  successful  in  preserving 
a  considerable  amount  of  ethnographical  data.  The  interesting  results 
obtained  at  the  native  meeting  at  Gisborne  last  year  (1919)  led  to  the 
despatch  of  a  similar  small  party  to  Rotorua  in  April  last,  in  order  to 
take  advantage  of  the  sojourn  thereat  of  nearly  six  thousand  natives  in 
connection  with  the  visit  of  H.R.H.  the  Prince  of  Wales.  On  the  whole 
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the  results  of  this  latter  effort  may  be  deemed  satisfactory,  though  one 
has  frequently  to  endure  annoying  interruptions  and  experience  the  effect 
of  many  distracting  influences. 

The  collection  made  at  Rotorua  included  some  matters  of  more  than 
ordinary  interest.  For  example,  a  moving  picture  taken  of  a  native  in 
the  act  of  generating  fire  by  means  of  the  primitive  44  fire-plough  ”  of 
Polynesia  was  very  successful.  In  a  few  minutes  the  operator  had 
kindled  his  fire  by  this  laborious  method,  and  that  fire  was  blazing  merrily. 
I  think  it  was  the  quickest  performance  of  the  kind  I  have  seen.  This 
picture  would  be  welcomed  by  Old-World  anthropologists.  Another 
moving  picture  taken  of  a  native  operating  the  old  Maori  form  of  cord 
drill,  lacking  cap  or  headpiece,  and  controlled  by  the  cords  only,  will 
illustrate  a  mode  of  manipulation  that  has  puzzled  American  scientists. 

A  moving  picture  taken  of  the  almost  extinct  game  of  ti  rakau,  or 
tititoure,  is  a  most  welcome  addition  to  our  collection,  and  places  the 
movements  of  players  on  permanent  record.  By  this  means  we  can,  as 
it  were,  save  interesting  old-time  processes  and  activities  from  extinction. 
The  party  was  fortunate  in  being  able  to  obtain  the  assistance  of  a  party 
of  Tuhoe  natives,  a  people  who  have  retained  more  knowledge  of  pre- 
European  conditions  than  perhaps  any  other  tribe. 

Among  the  records  of  old  native  games  obtained  were  a  considerable 
number  of  designs  of  the  world- wide  pastime  of  cratch-cradle,  or  cat’s- 
cradle,  of  which  we  have  now  a  goodly  number.  All  these  will  serve  as 
excellent  illustrations  for  Bulletin  No.  8  of  the  Dominion  Museum  series. 

The  songs  recorded  on  the  dictaphone  will  be  a  welcome  addition  to 
those  collected  at  Gisborne.  This  collection  is  intended  to  serve  as  a  basis 
for  a  comprehensive  monograph  on  Maori  songs  and  singing,  to  be 
prepared  by  an  adept.  Several  speeches — as,  for  example,  one  made  by 
the  Arawa  chief  Te  Kini  Amohau  welcoming  the  Prince  of  Wales  to 
Rotorua — were  also  recorded. 

Inasmuch  as  a  considerable  number  of  native  houses  adorned  with 
carved  designs  are  met  with  in  the  Rotorua  district,  the  opportunity  was 
seized  to  take  a  large  number  of  photographs  of  designs  in  wood-carving, 
decorative  painting,  and  sinnet  work.  Special  attention  was  paid  to 
interesting  details  that  may  serve  as  illustrations  for  special  articles  and 
monographs  ;  the  series  of  photographs  and  rubbings  secured  will  well 
serve  such  purposes.  For  example,  a  number  of  photographs  were  obtained 
showing  how  persistently  the  lizard  appears  in  Maori  carvings  ;  and  by 
increasing  this  series  a  paper  on  this  ancient  symbol  or  emblem  might  be 
here  compiled. 

Although  the  so-called  model  pa  at  Te  Whakarewarewa  presents 
features  that  must  be  condemned,  yet  a  number  of  interesting  illustrations 
were  secured  of  details,  such  as  houses,  pataka,  &c.,  in  it  that  will  serve 
as  excellent  additions  to  the  Museum  collection,  and  as  showing  methods 
and  conditions  of  former  times. 

E.  B. 
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NOTES  ON  HIGH-TENSION  INSULATORS. 


By  L.  Birks,  B.Sc.,  M.Inst.C.E.,  and  G.  F.  Ferguson,  A.M.I.E.E. 

It  is  well  recognized  that  the  insulator  is  the  chief  weakness  in  the 
transmission  of  electrical  energy  at  high  voltages.  In  many  of  the  insu¬ 
lators  that  have  been  available  in  the  past  the  porcelain  deteriorates,  and 
in  course  of  time  becomes  so  weak  dielectrically  that  breakdown  occurs, 
resulting  in  interruptions  to  the  power-supply,  provided,  of  course,  that 
measures  are  not  adopted  to  weed  out  weak  units  before  they  reach  the 
critical  stage.  The  period  of  deterioration  varies  from  one  year  upwards, 
depending  on  the  inherent  quality  of  the  porcelain. 

The  insulators  on  the  66,000-volt  transmission-lines  from  Lake  Coleridge 
to  Christchurch,  New  Zealand,  gave  indications  of  distress  early  in  the 
life  of  the  plant,*  and  it  is  the  purpose  of  the  following  notes  to  describe 
some  of  the  investigations  carried  out  by  the  authors  on  behalf  of  the 
Public  Works  Department  to  locate  the  cause  and  devise  means  for  reducing 
breakdowns  and  the  consequent  interruptions  to  the  supply. 

While  insulator-failures  on  the  lines  were  frequent,  the  time  lost  through 
interruption  was  not  very  serious,  because  the  lines  were  in  duplicate. 
However,  the  position  was  serious  enough  to  merit  a  thorough  investigation, 
on  account  of  the  annoyance  and  inconvenience  of  even  momentary  inter¬ 
ruptions  to  the  supply,  together  with  the  cost  of  replacements,  and  the 
probability  that  the  situation  would  become  much  more  acute.  The 
following  table  shows  the  number  of  line -breakdowns  from  1915  to  1918, 
inclusive,  due  to  insulator-failures,  and  the  number  of  insulators  replaced 
as  a  result  of  these  breakdowns,  as  well  as  the  time  lost.  A  further 
twenty-eight  breakdowns  and  stoppages  were  caused  by  short  circuits  on 
the  line,  due  either  to  the  bark  of  gum-trees  blowing  on  to  the  wires,  or  to 
lightning,  or  to  other  obscure  causes  not  directly  resulting  from  insulator- 
failures. 


*  E.  Parry,  Notes  on  Failures  of  High-tension  Insulators,  this  Journal,  vol.  1, 
pp.  286-92,  1918. 
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Tig.  1. — Main-line  insulator,  66,000  volts,  Lake  Coleridge  -  Christchurch 

transmission-line.  ’ 
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Year. 

Breakdowns. 

Insulators  replaced. 

Time  lost. 

1915  .. 

12 

34 

24  minutes. 

1916  .. 

15 

50 

53 

1917  .. 

25 

85 

72 

1918  .. 

26 

96 

lot  „ 

Totals  . . 

78 

265 

159J  minutes. 

The  transmission-lines  are  each  approximately  sixty-three  miles  in 
length,  and  a  total  of  about  5,200  insulators  of  the  pin  type  shown  in 
fig.  1  are  in  use  on  both  lines,  so  that  during  the  four  years  of  operation  a 
little  over  5  per  cent,  of  the  insulators  broke  down  in  service.  A  further 
1*5  per  cent,  have  been  removed  under  suspicion  following  night  observations, 
when  they  were  observed  to  glow  or  “  crackle  ”  unduly. 

The  bulk  of  the  replaced  insulators  were  taken  from  the  substation 
“  third  ”  of  the  lines.  This  section  is  most  subject  to  mists  and  fogs,  and 
it  is  possible  that  some  of  the  latter  are  slightly  laden  with  salt  swept 
inland  from  Lake  Ellesmere— a  large  salt-water  lagoon  about  ten  miles 
from  the  lines.  It  suggests  itself  that  these  fogs  are  a  possible  factor  in 
the  breakdown  of  the  insulators,  and  no  doubt  they  contribute  to  some 
extent  to  the  failure  at  least  of  partially-broken-down  units  by  lowering 
the  flash-over  voltage. 

It  was  obvious  soon  after  regular  operation  commenced  that  break¬ 
downs  were  in  certain  circumstances  directly  associated  with  atmospheric 
conditions.  If  a  line  that  had  been  dead  for  some  hours  were  subjected 
to  pressure  even  raised  from  zero,  under  certain  conditions  of  mist,  it  would 
almost  invariably  break  down,  although  under  the  same  conditions  the 
other  line  kept  continuously  alive  showed  no  trouble.  Evidently  the 
humidity  of  the  atmosphere  is  an  important  factor,  and  experiments  were 
made  to  determine  the  effect  of  misty  conditions. 

An  insulator  was  placed  in  a  wooden  box  into  which  water-vapour  was 
introduced  by  means  of  a  pipe  leading  from  a  small  boiler,  thus  raising 
the  humidity  of  the  air  inside  the  box.  The  insulator  used  in  these  tests 
was  first  thoroughly  tested  at  50  cycles  and  at  high  frequency,  and  its  ohmic 
resistance  tested  “  infinity  ”  with  a  1,000-volt  megger.  Curves  No.  2, 
fig.  2,  show  the  result  of  a  test  made  by  connecting  the  megger  across  the 
top  shell,  neck  groove  to  joint,  and  increasing  the  humidity  slowly.  The 
humidity  was  measured  by  means  of  wet-  and  dry-bulb  thermometers  inside 
the  box.  Curve  No.  1  is  a  repetition  of  the  above  test  but  with  the  megger 
leads  connected  from  neck  groove  to  the  first  cement  joint.  These  tests 
were  repeated  with  the  insulator-surfaces  dusted  with  road-dust,  and  the 
surface  resistance  was  about  the  same  as  for  the  moisture  coating  alone, 
as  shown  in  fig.  2.  The  curves  are  interesting  as  showing  the  decrease 
in  surface  resistance  when  the  surfaces  are  exposed  to  a  humid  atmosphere. 
The  flash-over  voltage  is  very  much  reduced  under  these  conditions,  and 
it  thus  appears  probable  that  an  insulator  which  is  already  broken  down 
in  one  or  two  shells  may  arc-over  during  a  fog  with  a  moderate  rise  in 
voltage  on  the  line,  although  it  is  capable  of  standing  up  to  the  pressure 
without  trouble  under  better  atmospheric  conditions. 
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An  interesting  test  (fig.  3)  which  more  nearly  approximates  to  actual 
conditions  was  carried  out  by  putting  the  insulator  under  a  pressure  of 
40,000  volts  into  the  humidity-box  and  then  raising  the  humidity  to  a 
high  degree.  By  a  suitable  arrangement  of  switches,  megger-readings  could 
be  quickly  taken  after  switching  oft'  the  pressure.  The  curves  show  that 
the  surface  resistance  fell  rapidly  to  300  megohms  and  remained  stable 
at  that  value.  Voltage  was  then  removed,  and  the  resistance  dropped 
rapidly  to  about  50  megohms,  and  showed  a  tendency  to  become  steady  at 
about  this  value.  Pressure  was  then  again  applied,  and  gradually  raised 
to  40,000  volts.  Under  these  circumstances  the  surface  resistance  again 
increased  to  the  300-megohm  value,  at  which  it  remained  stable  again. 
This  test  represents  to  some  extent  the  conditions  which  may  exist  on  a 
line  which  is  taken  out  of  service  during  a  mist,  as,  for  instance,  by  the 
breaking-down  of  a  line.  Under  such  circumstances  it  has  often  been 
found  difficult  to  place  the  line  into  service  again,  repeated  breakdown 


{a.)  ( b .) 

Fig.  2. — Humidity  tests  of  66, 000-volt  insulator — (a)  surfaces  clean ;  ( b )  surfaces 
dusty.  No.  1  curve  shows  resistance  head  to  pin ;  No.  2  curve  shows 
resistance  head  to  first  joint.p 

resulting  on  each  attempt.  Several  times  a  line,  previously  quite  sound, 
has  been  put  under  pressure  during  a  mist,  and  in  almost  every  such 
case  it  has  broken  down.  In  the  early  stages  of  operation,  when  only 
one  line  was  required  in  service,  it  was  the  practice  to  put  pressure  on  the 
spare  line  at  midnight  daily.  A  number  of  breakdowns  of  this  line  occurred 
within  a  few  minutes  after  full  pressure  had  been  reached,  voltage  being 
run  up  in  a  quarter  to  half  an  hour  by  a  spare  generator.  The  hour  of 
running  up  pressure  on  the  line  was  altered  to  early  evening,  when  the 
humidity  of  the  atmosphere  was  still  low,  and  since  this  alteration  no 
breakdowns  have  resulted  from  this  cause,  thus  indicating  definitely  that 
the  pressure  breakdowns  were  promoted  by  the  condition  of  the  atmosphere. 

It  was  also  found  that  if  pressure  were  taken  oft  a  line  during  misty 
conditions  and  put  on  again  gradually  within  a  few  minutes  it  was  not  so 
liable  to  breakdown  as  if  a  longer  period  were  allowed.  Apparently  there 
is  a  condensation  of  moisture  on  the  surface  which  requires  an  appreciable 
time  to  take  place  and  is  prevented  as  long  as  pressure  is  maintained,  but 
takes  place  gradually  as  soon  as  pressure  is  removed. 
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The  effects  of  temperature-changes  were  taken  into  consideration,  and 
during  overhaul  a  careful  inspection  was  made  for  cracked  shells.  No 
sign  of  cracking  was  observed  during  the  first  two  years  of  operation,  but 
in  a  later  overhaul,  after  the  fourth  year,  about  thirty-six  insulators  were 
removed,  cracked  badly  in  the  top  shell.  There  seems  little  doubt  that 


this  cracking  was  due  to  unequal  expansion  and  contraction  of  the  porcelain 
und  the  cement,  and  possibly  the  wire  clamp  which  clamps  firmly  about 
the  neck  of  the  insulator. 

The  following  test  was  carried  out  on  four  stock  insulators  which  had 
been  stored  in  their  crates  in  the  open  for  about  two  years.  The  insulators 
were  plunged  into  boiling  water  and  allowed  to  remain  for  a  minute  or  two, 
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after  which  they  were  transferred  to  a  bath  of  cold  water  at  about  60°  F., 
the  cycle  being  repeated  three  times.  The  top  shell  of  one  of  the  insulators 
cracked,  the  others  remaining  unaffected  as  far  as  visual  inspection  could 
detect.  Two  insulators  of  another  make  but  somewhat  different  design, 
in  that  the  top  and  second  shells  were  integral,  were  subjected  to  the  same 
heat-cycle  treatment.  Both  of  these  insulators  cracked  badly  in  the  top 
shell  on  the  first  transfer  to  cold  water.  It  is  worthy  of  note,  however, 
that  the  latter  type  of  insulator  has  been  in  service  on  a  50,000-volt  line  in 
New  Zealand  for  about  five  years,  and  only  two  insulators  have  broken 
down  in  service  in  that  period.  Suspension  insulators  are  used  on  the 
66, 000- volt  lines  and  11, 000- volt  distribution -lines  as  strain  insulators, 
and  during  the  past  year  about  six  of  those  on  the  11,000-volt  lines  have 
broken  down,  punctured  badly  from  pin  to  cap.  On  testing,  the  porcelain 
was  found  to  be  of  fair  quality  and  only  slightly  porous.  The  insulators 
were  cracked  badly,  but  whether  any  of  the  cracking  was  done  before 
breakdown  could  not  be  decided,  though  from  tests  made  subsequent  to 
failure  it  is  believed  that  breakdown  was  caused  by  initial  cracking  of  the 
porcelain,  due  to  temperature  effects.  In  this  connection  it  may  be  noted 
that  on  breaking  up  insulators  for  examination  small  hair  cracks  about 
\  in.  in  length  were  observed  on  occasions.  These  cracks  were  found  on  the 
unglazed,  cemented  surface  ;  and,  while  it  is  possible  that  such  cracks  may 
have  been  caused  by  the  breaking-up  of  the  insulator,  it  is  believed  that 
they  existed  before  this  operation.  From  this  it  would  appear  possible 
that  temperature  and  mechanical  stresses  may  strain  the  porcelain  suffi¬ 
ciently  to  cause  one  or  more  of  these  hair  cracks,  but  not  be  severe 
enough  to  crack  the  shell  entirely.  However,  repeated  strains  would 
develop  the  crack  until  the  shell  either  cracked  right  through,  or  was 
punctured  electrically  through  the  weak  path  provided  by  the  crack.* 

Absorption  of  moisture  by  the  porcelain  was  early  suspected  as  being 
the  primary  cause  of  the  deterioration  of  the  insulators,  and  a  good  deal 
of  investigation  was  carried  out  to  determine  this  and  ascertain  to  what 
extent  the  insulators  as  a  whole  were  affected  in  this  way.  Ordinary  red 
ink  applied  to  the  broken  surfaces  of  insulators  showed  that  the  porcelain 
would  often  readily  absorb  the  ink  in  places,  while  in  other  places  the 
porcelain  appeared  to  be  more  vitrified  and  less  inclined  to  take  up  the 
ink. 

For  the  purpose  of  investigating  the  general  condition  of  the  insulators 
in  service,  batches,  each  of  about  one  dozen,  were  removed  from  various 
portions  of  each  line,  and,  after  wiping  and  numbering  for  identification, 
were  subjected  to  the  following  tests.  First  megger  readings  were  taken 
of  resistance  from  shell  to  shell  and  from  head  to  pin.  Very  useful  indica¬ 
tions  of  the  condition  of  an  insulator  were  obtained  from  these  megger  tests, 
as  are  shown  in  Table  2  by  comparison  with  the  subsequent  voltage  test. 
A  fair  amount  of  experience  is  necessary  for  successful  working  with  the 
megger  to  avoid  inconsistent  results,  particularly  when  tests  are  conducted 
in  the  open,  where  even  slight  condensation  may  give  very  erroneous  results. 
After  the  megger  test,  the  insulators,  with  the  exception  of  a  few  reserved 
for  special  treatment,  were  tested  first  from  head  to  pin  at  100,000  volts,  and 
then  one  shell  at  a  time  up  to  50,000  volts.  It  was  found  that  by  increasing 
the  time  element  the  test  could  often  be  relied  upon  to  weed  out  a 
moisture -laden  or  cracked  shell  with  a  maximum  of  30,000  volts.  Table  1 


*  J.  C.  Clark,  Trans.  Am.  Inst.  Elec.  Eng.,  p.  1453,  1916, 
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gives  the  results  of  tests  made  on  one  batch  of  insulators.  The  megger 
and  50-cycle  pressure  tests  are  tabulated  side  by  side.  Several  insulators 
were  first  tested  on  the  125-kilovolt  high-frequency  oscillator,  and  then 
on  50  cycles  ;  but  the  oscillator  tests  proved  misleading,  and  this  test  was 
omitted  on  insulators  which  had  been  in  service.  Good  results  were, 
however,  obtained  with  the  oscillator  as  described  later.  In  all,  eighty-five 
insulators  were  removed  from  the  lines  and  tested.  Of  these  sixty-six 
were  taken  off  at  random  and  nineteen  were  suspected  from  observations 
made  at  night.  The  whole  of  these  insulators  were  subjected  to  the 
50-cycle  test  as  described  above,  and  Table  2  shows  the  summarized  results 
of  the  tests.  Of  the  sixty-six  taken  off  at  random,  five  insulators,  or 
7*6  per  cent.,  failed  at  or  below  100,000  volts  from  head  to  pin,  and  of  these 
one  broke  down  at  42,000  volts,  although  it  had  just  come  off  the  fine 
where  it  withstood  66,000  volts.  A  further  five  of  the  random  insulators 
broke  down  in  three  shells  at  or  below  50,000  volts.  These  ten  insulators, 
representing  about  15  per  cent,  of  those  taken  off  the  line  at  random,  were 
apparently  on  the  verge  of  failure,  and  their  removal  probably  obviated 
several  line-breakdowns.  Insulators  which  failed  in  two  shells  constituted 
16-7  per  cent,  of  the  sixty-six  random  insulators.  Such  insulators  are  not 
very  reliable,  but  could  probably  be  utilized  for  further  service  until 
opportunity  for  replacement  was  favourable.  Of  the  balance  of  the  sixty- 
six,  twenty-two,  or  33*3  per  cent.,  failed  in  one  shell,  and  twenty-three, 
or  35  per  cent.,  withstood  the  50-cycle  tests  on  all  shells. 

From  the  results  of  these  tests  it  would  appear  that  about  15-7  per  cent, 
of  the  insulators  installed  on  the  line  are  in  a  dangerous  condition  and 
constitute  a  menace  to  continuous  service.  It  is  probable  that  conditions 
may  be  somewhat  better  than  the  tests  represent,  because  of  the  fact  that 
the  greater  percentage  of  the  insulators  tested  were  removed  from  those 
portions  of  the  lines  most  subject  to  mists  and  fogs,  and  it  is  possible  that 
absorption,  and  therefore  deterioration  of  the  insulator,  is  more  pronounced 
in  these  localities.  A  few  insulators  selected  for  the  purpose  because  they 
meggered  low,  most  shells  under  50  megohms,  were  placed  in  a  drying- 
oven  after  being  megger-tested  and  dried  out  at  a  temperature  of  200°  F. 
for  about  two  weeks.  It  was  observed  that  the  resistance  dropped  appreci¬ 
ably  after  heating  for  a  few  hours,*  and  after  the  first  few  days  the  resist¬ 
ance  gradually  rose  until  in  about  a  week  the  megger  showed  infinity. 
The  few  specimens  tested  in  this  way  withstood  the  50-cycle  test  without 
failure,  demonstrating  fairly  definitely  that  moisture  formed  the  conducting 
path  in  those  insulators  which  failed  under  the  50-cycle  test.  The  cement 
joints  of  one  or  two  of  these  dried-out  insulators  were  painted  with  water¬ 
proofing  cement  varnish,  and  the  insulators  allowed  to  remain  outside  in 
the  weather  for  about  three  months.  On  meggering  it  was  found  that 
the  resistance  was  still  infinity,  possibly  the  insulating  layer  of  varnish 
having  something  to  do  with  resistance.  However,  after  water  was  poured 
on  the  joints  and  allowed  to  remain  for  an  hour  the  megger  tests  showed 
that  while  some  of  the  shells  still  gave  a  high  resistance,  others  were  down 
almost  as  low  as  before  drying,  moisture  having  penetrated  by  way  of  fine 
cracks  in  the  varnish  and  cement.  Possibly  those  which  had  absorbed 
moisture  to  such  an  extent  after  drying  were  either  slightly  cracked  or 
punctured  with  high-frequency  punctures,  but  when  dry  would  survive 
the  milder  50-cycle  test  imposed  on  them.  It  is  very  improbable  that 


*  A.  Bang,  Trans.  Am.  Inst.  Elec.  Eng.,  p.  1243,  1915. 
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all  the  moisture  was  dried  out  of  the  porcelain  by  the  oven  treatment,  since 
moisture  which  takes  a  year  or  two  to  penetrate  the  porcelain  is  not 
likely  to  be  driven  out  in  a  couple  of  weeks’  drying.  Probably  the  drying 
only  affected  the  porcelain  to  a  very  small  depth,  but  sufficient  to  show 
up  well  on  the  tests  provided. 

It  is  important  in  connection  with  the  results  set  out  in  Table  2  to 
notice  the  extent  to  which  insulators  definitely  faulty  in  one  or  more  shells 
can  still  maintain  full  pressure  and  give  continuous  service.  One  very 
striking  case  occurred  at  Sockburn,  about  three  miles  from  the  Addington 
(Christchurch)  end  of  the  line.  A  short  circuit  occurred  on  the  line  at 
9.37  a.m.,  and  on  testing  the  line  was  found  good,  the  short  circuit  being 
evidently  due  to  a  flash-over.  Pressure  was  therefore  restored  and  the 
line  put  into  service  again.  A  few  minutes  later  word  was  received  by 
telephone  from  Sockburn  that  an  insulator  on  the  line  had  exploded  with 
a  great  flash.  The  patrolman  got  away  at  once,  although  very  sceptical 
in  view  of  the  fact  that  the  line  was  actually  in  service  again,  and  to  his 
surprise  found  that  the  report  was  correct.  Three  out  of  the  four  shells 
were  shattered,  but  the  fourth  shell  was  still  intact,  and  in  spite  of  a  light 
drizzle  was  holding  the  full  pressure  by  itself.  As  the  load  was  very 
heavy  and  the  atmospheric  conditions  unfavourable  to  taking  a  line  out 
of  service,  it  was  decided  to  postpone  the  replacement  until  later  in  the 
day,  and  it  was  actually  replaced  at  4.45  p.m.,  the  single  shell  carrying 
full  pressure  satisfactorily  under  unfavourable  weather  conditions  for  that 
period  of  seven  hours.  Tested  after  removal  the  single  remaining  shell — 
the  inner — flashed  over  at  85,000  volts. 

These  and  similar  experiences  raise  the  whole  question  in  the  design 
of  high-tension  insulators  as  to  whether  the  large  quantity  of  porcelain 
usually  employed  would  be  essential  if  a  perfectly  vitrified  and  reliable 
material  were  available,  and  whether  the  quantity  of  material  and  number 
of  shells  is  not  rather  intended  to  meet  the  practical  certainty  in  the  past 
that  a  large  proportion  of  the  material  will  deteriorate  and  prove  defective 
after  a  few  years’  service.  If  this  is  so,  is  it  not  possible,  when  the  manu¬ 
facturers  can  guarantee  a  thoroughly  vitrified  and  reliable  material,  to 
reduce  substantially  both  the  size  and  the  number  of  shells  required  ? 

That  porous  porcelain  is  a  serious  menace  is  shown  by  the  fact  that 
some  insulators  tested  proved  to  be  quite  good  conductors.  Such  insulators 
conducted  the  full-load  current  of  the  20  K.V.A.  testing  equipment  at  a 
voltage  too  small  to  be  read  on  the  100,000-volt  electrostatic  voltmeter. 
The  shell  under  test  would  crack  in  a  few  seconds,  and  small  clouds  of  steam 
rise  from  the  joints  and  cracks.  Pieces  of  these  shells  broken  off  and  tested 
separately  exhibited  the  properties  of  an  electrolytic  conductor — i.e.,  rapid 
increase  in  current  with  increase  in  temperature  of  the  moisture  content. 

Insulators  which  are  shattered  to  pieces  in  service  are  no  doubt  exploded 
by  the  sudden  transfer  of  the  entrapped  moisture  into  steam,  due  to  the 
passage  through  the  insulator  of  breakdown  current.  Pieces  of  such  insu¬ 
lators  have  been  projected  nearly  100  yards  by  the  violence  of  the  explosion. 
During  an  experiment  on  a  piece  of  waterlogged  porcelain  small  fragments 
of  the  piece  under  test  were  thrown  off  violently  by  the  passage  through 
the  specimen  of  about  0-2  ampere. 

A  valuable  series  of  experiments  on  porosity  were  carried  out  by 
Dr.  Coleridge  Farr,  of  Canterbury  College,  as  described  in  a  paper  entitled 
“  The  Porosity  of  Porcelain,  with  Special  Reference  to  High-pressure  Insu¬ 
lators  for  Electric  Transmission-lines,”  published  in  this  Journal,  July, 
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1919,  pp.  302-7.  For  the  purpose  of  these  experiments  a  hole  3  in.  in 
diameter  and  6J  in.  deep  was  bored  in  a  solid  steel  block  5  in.  square  by 
9  in.  deep.  A  steel  cover  1  in.  thick  was  fitted  to  the  block  and  fastened 
down  by  eight  f  in.  bolts.  Specimens  of  porcelain  were  placed  in  the 
cavity  and  fuchsin  solution  was  poured  in  ;  red  ink  was  also  used  and  found 
to  answer  as  well  as  the  fuchsin.  The  cover  was  then  bolted  on  and  the 
vessel  connected  to  an  air-pump  capable  of  producing  a  pressure  of  2,000  lb. 
per  square  inch.  Under  such  a  pressure  it  was  expected  that  the  coloured 
liquid  would  be  forced  into  the  porcelain  where  it  was  at  all  porous,  the 
extent  of  penetration  being  made  visible  on  breaking  the  specimens. 

Test  No.  1  was  carried  out  by  placing  in  the  pot  ten  pieces  of  stock 
66,000-volt  insulator  porcelain  broken  from  various  parts  of  the  insulator, 
some  pieces  glazed  and  others  unglazed.  After  being  subjected  to  an 
average  pressure  of  2,000  lb.  per  square  inch  for  fifty  hours  the  pieces  were 
taken  out  and  broken,  and  in  each  case  there  was  no  sign  of  penetration. 

Test  No.  2  was  similar  to  the  above  and  on  the  same  class  and  make 
of  porcelain.  Of  the  ten  specimens,  two  showed  slight  penetration.  From 
the  puncture  tests  and  flash-over  tests  on  this  class  of  porcelain  it  appears 
that  the  porcelain  was  slightly  porous,  and  the  dull  appearance  of  the 
fracture  supported  this  belief. 

Test  No.  3  was  made  on  nine  pieces  broken  from  a  50,000-volt  insulator. 
Test  pressure  was  the  same  as  for  tests  1  and  2.  None  of  these  specimens 
showed  any  trace  of  penetration,  a  result  which  was  expected  from  the 
behaviour  of  this  class  of  insulator  under  puncture  and  flash-over  tests, 
the  silky  fracture  and  close  grain  of  this  porcelain  suggesting  complete 
vitrification  and  absence  of  porosity. 

Test  No.  4  :  Ten  pieces  were  broken  from  parts  of  three  insulators 
which  had  been  removed  under  suspicion  from  the  transmission-lines  after 
three  years’  service,  and  put  under  2,000  lb.  pressure  per  square  inch  for 
sixty-nine  hours.  As  the  fuchsin  colouring  photographs  poorly,  the  coloured 
area  was  marked  with  pencil.  The  specimens  were  selected  from  different 
parts  of  each  insulator,  and  from  the  chalky  nature  of  the  fractures  it  was 
suspected  that  the  pieces  were  porous.  The  results  are  given  in  the  tables 
and  photograph  accompanying  the  article  referred  to  (pp.  305-6).  It  will 
be  noticed  that  the  photographs  disclose  a  porous  core  between  the  outer 
glazed  surfaces,  while  the  porcelain  adjacent  to  the  glazing  is,  of  course, 
more  completely  vitrified. 

In  all  of  the  experiments  on  absorption  it  was  found  exceedingly 
difficult  to  force  liquid  into  porcelain  even  when  other  tests  indicated 
fairly  definitely  that  the  porcelain  was  porous  to  a  degree.* 

A  number  of  puncture  tests  under  oil  were  carried  out  on  pieces  of  insu¬ 
lators  removed  from  the  line,  as  well  as  on  pieces  of  stock  insulators  of  the 
same  make  as  those  in  service  but  better  vitrified.  The  puncture  tests 
were  interesting  as  showing  the  variation  in  dielectric  strength  of  the 
porcelain  in  service,  some  of  which  withstood  as  high  as  90,000  volts  for 
pieces  in.  in  thickness.  The  stock  replacement  insulators,  which,  as 
previously  noted,  were  of  the  same  make  as  those  installed  on  the  lines, 
had  been  stacked  in  their  crates  in  the  open  for  about  three  years.  The 
puncture  voltage  of  pieces  broken  from  these  insulators  averaged  about 
85,000  volts,  several  specimens  holding  up  at  100,000  volts.  In  only  one  or 
two  instances  the  English  porcelain  from  50,000-volt  insulators  punctured 
below  100,000  volts,  the  limit  of  the  testing  equipment. 


*  J.  C.  Clark,  Trans.  Am.  Inst.  Elec.  Eng.,  p.  1453,  1916. 
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A  comparison  of  the  texture  of  the  different  samples  showed  that  the 
porcelain  already  in  service  presented  a  dull,  almost  chalky  appearance, 
while  the  English  make  of  porcelain  had  a  much  closer  grain  and  a  harder- 
looking,  silky  fracture.  The  stock  porcelain  was  between  the  two,  but  more 
resembled  the  porcelain  in  service.  The  English  porcelain  was  also  whiter 
in  colour,  possibly  on  account  of  being  more  thoroughly  burned. 

The  puncture  of  insulators  apparently  by  high-voltage  surges  was  noted 
in  seveial  insulators  removed  from  the  lines  after  breakdown  early  in  1916 
and  subsequently.  Fine  hair  punctures,  ranging  from  lines  scarcely  visible 
to  the  eye  to  small  channels  about  1  mm.  in  diameter,  were  found  in  the 
porcelain.  These  punctures  were  not  confined  to  the  porcelain  adjacent 
to  the  main  -  energy  puncture,  but  on  cracking  up  the  insulator  were 
found  in  various  places,  usually  in  the  line  of  greatest  electrostatic  flux 
concentration,  while  some  of  these  punctures  would  possibly  result  from 
surges  set  up  by  the  final  breakdown  :  i.e.,  final  failure  is  promoted  by  a 
succession  of  such  punctures  which  develop  finally  into  a  puncture  through 
which  sufficient  energy  may  flow  to  break  down  the  shells  and  destroy 
the  insulator. 

On  a  recent  inspection  of  the  lines  an  insulator  was  removed  punctured 
only  in  the  two  top  shells.  There  was  no  sign  of  the  insulator  having 
flashed  over.  Both  punctured  shells  were  cracked  ;  the  punctures  were 
about  ^  in.  in  diameter,  and  a  small  bead  of  glass  was  formed  on  one  edge 
of  each  hole.  The  possibility  arises  of  the  cracking  of  the  insulator  being 
the  cause  of  puncture,  but,  on  the  other  hand,  the  puncture  may  have 
caused,  and  probably  did  cause,  the  crack. 

With  a  view  to  making  the  tests  on  any  new  insulators  approximate 
somewhat  to  the  conditions  which  may  arise  in  actual  operation  on  the  lines, 
a  high-frequency  125,000-volt  oscillator  testing-set  was  used  (fig.  4).  This 
oscillator,  which  is  fully  described  by  Creighton,*  consists  of  an  ordinary 
230-volt  to  13, 000- volt  transformer  of  3  K.V.A.  capacity,  in  the  primary 
of  which  is  a  current-limiting  reactance  and  a  quick-break  control  switch 
A  condenser  is  connected  across  the  secondary  leads,  which  also  connect 
to  the  oscillator  transformer  through  an  adjustable  rotary  spark-gap  by 
means  of  which  the  voltage  of  the  high-frequency  transformer  is  regulated. 
The  insulator  to  be  tested  is  placed  across  the  secondary  terminals  of  the 
high-frequency  transformer,  the  quick-break  primary  switch  closed,  and 
voltages  regulated  to  the  desired  value  by  means  of  the  rotary  spark-gap. 
The  high-frequency  voltage  is  measured  by  means  of  a  sphere  gap  provided 
with  a  graduated  scale.  One  side  of  the  condenser  and  oscillator  trans¬ 
former  is  grounded.  This  oscillator  is  large  enough  to  produce  intense 
arc-over  over  a  single  shell  of  the  66,000-volt  pin-type  insulators  and 
suspension  insulators.  As  there  is  a  possibility  of  damaging  even  good 
porcelain  by  testing  at  excessive  voltages,  it  was  decided  to  make  the  test 
of  half-minute  duration  at  a  voltage  such  that  an  occasional  arc-over  took 
place.  The  five  hundred  stock  insulators  were  tested  in  this  way,  and 
resulted  in  a  loss  of  8J  per  cent.  The  majority  of  the  bad  shells  contained 
flaws  which  would  easily  pass  a  close  inspection,  but  wdiich  were  developed  by 
the  high-frequency  discharge.  It  should  be  noted  that  the  high-frequency 
arc-over  envelops  the  entire  surface  of  the  insulators  and  attacks  the  weak 
points  even  though  the  flow  may  be  well  out  on  the  skirt  of  the  insulator 
Tests  with  ordinary  50-cycle  voltage  are  not  so  effective  in  finding  weak- 


*  E.  E.  F.  Creighton,  Trans.  Am.  Inst.  Elec.  Eng.,  p.  465,  1915. 
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nesses  as  the  high  frequency.  Moreover,  the  arc-over  of  high  frequency 
approximates  that  formed  on  the  insulators  during  a  heavy  surge  on  the 
line,  and  insulators  tested  successfully  under  this  condition  should  make 
the  line  safer  than  insulators  not  so  tested.  In  experiments  with  different 
makes  of  insulators  it  was  found  that  the  best  porcelain  would  withstand 
successfully  unlimited  punishment  at  high  frequency,  while  those  porcelains 
which  were  porous  or  slightly  porous  would  succumb  quickly.  These  tests 
were  made  by  first  adjusting  the  voltage  to  the  maximum  that  the 
porcelain  would  stand,  and  then  closing  and  opening  the  switch  a  given 


Fig.  4. — -High-frequency  125,000 -volt  testing-set. 


number  of  times.  Such  tests  are  severe,  and  correspond  perhaps  to  mild 
lightning.  On  cracking  up  insulators  punctured  in  the  oscillator  the  same 
hair-like  punctures  were  found  as  in  the  insulators  described  earlier  in  the 
paper,  indicating  that  the  weakening  of  the  porcelain  by  high-frequency 
punctures  probably  does  actually  occur  on  the  line. 

Various  methods  of  locating  weak  insulators  while  on  the  line  were 
tried,  with  more  or  less  success.  Shunting  a  telephone-receiver  from  the 
pole  to  earth  was  tried,*  but  as  the  insulator-pins  are  earthed  the  method 
did  not  give  reliable  results  and  was  abandoned.  A  fairly  successful 
method,  and  one  involving  the  least  time  and  expense,  was  a  patrol  of  the 


*  B.  G.  Flaherty,  Trans.  Am.  Inst.  Elec.  Eng.,  p.  1095,  1916. 
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lines  at  night  under  different  weather  conditions.  An  incipient  fault  can 
sometimes  be  detected  by  the  unusual  glow  on  the  insulator  or  by  the 
spitting  sound  of  a  discharge.  Insulators  detected  in  this  way  and  removed 
were  often  found  to  be  weak.  Meggering  the  insulators  on  the  line  was 
tried,  and  while  it  was  found  somewhat  difficult  to  get  the  wire -brush 
contacts  on  to  the  cement  joints,  yet  the  method  proved  fairly  successful. 
On  suspension  units  the  megger  test  is  not  so  difficult  to  carry  out. 

The  writers  wish  to  recognize  the  valuable  work  done  by  Dr.  Coleridge 
Farr  in  connection  with  the  hydrostatic -pressure  tests,  and  by  Mr.  H.  E. 
Philpott,  who  did  most  of  the  actual  experimenting  in  connection  with 
these  investigations. 

Conclusions. 

The  length  of  service  of  an  insulator  either  of  the  pin  or  suspension 
type  is  partly  a  question  of  design,  but  depends  mainly  on  the  care  with 
which  the  pieces  are  manufactured  and  fired,  the  firing  of  the  wire  being 
apparently  the  most  important  operation. 

The  latest  designs  of  pin-type  insulators  are  much  superior  mechanically 
and  electrically  to  the  older  designs,  and,  provided  the  ware  is  thoroughly 
vitrified,  much  less  trouble  should  be  experienced  in  future  installations 
of  pin-type  insulators  than  has  occurred  in  the  past. 

Temperature  stresses  cause  many  failures,  and  this  problem  appears 
the  most  difficult  to  overcome.  Improvement  in  the  design  of  the  insu¬ 
lators  will  no  doubt  reduce  these  troubles  in  the  future. 

The  installation  of  protective  apparatus  to  reduce  the  effect  of  transient 
high  voltages  would  minimize  the  risk  of  puncture  of  the  porcelain. 

It  is  important  that  the  general  condition  of  the  line-insulation  be 
determined  periodically  by  the  testing  of  batches  of  insulators  either  on 
the  line  or  in  the  test-room,  after  removal  from  the  line,  so  that  a  systematic 
weeding-out  of  impaired  units  may  be  carried  out,  and  interruptions  to 
service  thus  reduced. 

It  is  anticipated  that  as  a  result  of  the  improvement  in  the  quality  of 
the  material  used  and  the  methods  of  manufacture,  in  which  matters  keen 
research  is  being  carried  on  continuously  both  in  America  and  in  England, 
it  will  be  possible  to  supply  porcelain  so  thoroughly  vitrified  that  it  is  not 
liable  to  deterioration  in  the  direction  described,  and  that  it  will  then  be 
possible  to  reduce  substantially  the  size  and  cost  of  insulators  giving  a 
still  higher  degree  of  reliability  than  has  been  available  in  the  past. 

The  matter  is  well  summarized  in  a  short  article  by  F.  W.  Peek  in  the 
Electrical  World  (New  York)  for  24th  January  last,  page  209,  in  which 
he  states  : 

The  apparent  deterioration  of  the  porcelain  is  for  the  greater  part  due  to  one 
or  the  other  of  the  following  causes  :  (1)  Gradual  mechanical  cracking  due  to  the 
expansion  of  cement  or  tight-fitting  metal  parts,  to  internal  strains  caused  by  firing, 
or  to  brittle  porcelain  ;  (2)  gradual  absorption  of  moisture  due  to  porous  porcelain. 

The  solution  seems  to  be  to  start  with  an  insulator  designed  to  avoid  any 
possible  cracking  of  the  porcelain  parts  from  expansion  of  cement  or  metal.  Years 
of  service  have  so  far  been  the  best  criterion  of  design.  The  material  should  then  be 
selected  of  uniform  quality,  reasonable  toughness,  and  freedom  from  porosity  and  firing- 
strains.  The  electrical  strength  of  the  completed  unit  should,  of  course,  be  reasonable; 
but  this  is  really  secondary  to  the  other  characteristics,  since  the  highest  electrical 
strength  vanishes  when  a  crack  appears. 

Electrical,  mechanical,  and  porosity  uniformity  tests  are  necessary.  Extremely 
accurate  tests  are  not  important,  but  it  is  important  to  have  tests  that  can  be  very 
quickly  made,  in  order  to  be  able  to  find  at  once  any  trouble  due  to  firing  or  poor 
materials. 


No.  1. — Tests  on  66, 000-volt  Thomas  Insulators,  Nos.  722-29  (First  Dozen). 
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Notation. — 50  means  that  the  shell  stood.  0  means  that  the  insulator  broke  down  under  20,000  volts  (the  lowest  reading  on  the  voltmeter 
scale).  45/10  means  that  the  shell  withstood  45,000  volts  for  10  seconds  and  then  broke  down. 
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Table  No.  2. — Summary  of  Tests  of  Insulators  taken  from  Transmission-lines. 


At  100,000 
Volts. 

At  50,000  Volts. 

Poles. 

Line. 

Number 

of 

Insulators. 

Number 
failed, 
Head  to 
Pin. 

Number 
failed 
on  Three 
Shells. 

Number 
failed 
on  Two 
Shells. 

Number 
failed 
on  One 
Shell. 

Number 

O.K., 
all  Shells. 

Taken  off  at  Random. 


856-59 

N. 

12 

1 

1 

0 

2 

8 

722-29 

S. 

24 

1 

3 

8 

6 

6 

600-03 

s. 

12 

0 

0 

2 

3 

7 

494-97 

N. 

12 

0 

0 

0 

10 

2 

44,  &c. 

N. 

6 

3 

1 

1 

1 

0 

66 

5 

5 

11 

22 

23 

Taken  off 

on  Suspicion  due  to 

Special  Glowing  or  Crackling. 

475-583  . . 

S. 

3 

1 

0 

0 

1 

1 

238-404  . . 

s. 

7 

2 

0 

3 

1 

1 

58-421 

N. 

9 

1 

0 

4 

4 

0 

19 

4 

0 
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YELLOW-LEAF  DISEASE  IN  PHORMIUM  TENAX.* 

By  L.  Cockayne,  Ph.D.,  F.R.S. 

.  1.  General. 

This  report  is  concerned  chiefly  with  the  behaviour  of  a  number  of  carefully 
chosen  plants,  growing  naturally  under  more  or  less  different  conditions, 
especially  of  moisture  in  the  soil,  in  the  flax  areas  of  Miianui  and  Ashlea. 
Plants  of  every  degree  of  health  were  selected,  from  such  as  were  extremely 
healthy  and  vigorous  to  those  which  were  stunted  and  almost  dying.  The 
plants  were  labelled  during  the  concluding  days  of  February  and  the 
beginning  of  March  (21st  February  to  6th  March),  1918,  and  notes  were 
taken  as  to  their  condition.  Subsequently  the  marked  plants  were  examined 
at  intervals  of  not  less  than  three  months,  so  that  changes  in  their  con¬ 
dition  could  be  ascertained. 

In  addition  to  examining  the  marked  plants,  some  attention  was  paid 
to  the  general  condition  of  the  flax  areas,  while  certain  of  these  not  examined 
by  me  previously  were  visited.  Thanks  also  to  an  important  investigation 
I  am  carrying  out  for  the  Department  of  Agriculture,  I  have  travelled 
extensively  through  the  South  Island  and  had  an  opportunity  of  seeing 
Phormium  tenax  growing  in  many  localities  and  under  diverse  surroundings. 

It  must  not  be  forgotten  that  this  report,  so  far  as  it  concerns  the 
marked  plants,  deals  only  with  experiences  of  fourteen  months,  a  time 
altogether  too  brief  to  enable  any  definite  statements  to  be  made.  The 
conclusions  at  the  end  of  this  report  cannot,  therefore,  be  looked  upon 
as  final.  Nor  have  I  been  concerned  with  the  disease  as  a  disease  ;  my 
investigations  have  been  directed  rather  towards  attempting  to  ascertain 
the  conditions  of  soil  and  climate  favouring  or  restraining  yellow-leaf,  and 


*  The  final  report  on  an  investigation  carried  on  on  behalf  of  the  New  Zealand 
Flax-millers’  Association,  dated  the  2nd  July,  1919,  and  revised  by  the  author, 
11th  November,  1920. 
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also  by  means  of  marked  plants  to  gain  some  fairly  accurate  knowledge  as 
to  the  progress  of  the  disease  during  a  period  of  fourteen  months. 

In  an  earlier  report  I  put  forth  the  view  that  yellow-leaf  was  not  due 
either  to  a  fungoid  or  a  bacterial  disease,  but  that  it  was  “  caused  by  the 
roots  of  the  flax  being  exposed  in  winter  to  an  excess  of  stagnant  water 
and  in  summer  to  too  great  dryness.”  I  stated,  moreover,  “  even  if  it  is 
eventually  proved  that  yellow-leaf  is  caused  by  a  fungus  or  a  bacterium, 
a  faulty  environment  for  the  flax-plant  may  probably  be  an  important 
factor  in  inducing  the  disease.”  Since  these  statements  were  made  the 
facts  dealt  with  under  the  next  head  make  it  abundantly  clear  that  they 
must  be  considerablv  modified. 

2.  Further  Facts  regarding  the  Environment  of  Affected  Plants 
and  the  Causes  of  the  Yellow-leaf. 

During  the  spring  and  early  summer  of  1918-19  yellow-leaf  so  rapidly 
increased  in  the  Manawatu  flax  areas  that  there  could  no  longer  be  any 
doubt  as  to  the  affection  being  an  infectious  disease  of  some  kind  or  other, 
which  most  probably  would  be  either  fungoid  or  bacterial.  This  state¬ 
ment  is  strongly  supported  by  the  fact  that  throughout  the  South  Island, 
with  hardly  an  exception,  there  is  more  or  less  yellow-leaf.  Nor  are  the 
diseased  plants  confined  to  milling-areas  or  even  swamps.  On  the  con¬ 
trary,  they  occur  amongst  plants  of  dry  stations  at  all  altitudes  up  to  the 
altitudinal  limit  of  the  plant  ;  indeed,  there  is  possibly  no  situation  where 
the  flax-plant  can  live  secure. 

Notwithstanding  what  is  said  in  the  last  paragraph,  flax-plants  of  a 
wet  station  are  apparently  far  more  liable  to  become  affected  than  are 
those  of  drier  positions.  Also,  I  do  not  know  whether  plants  growing  with 
their  roots  in  pure  running  water  are  ever  attacked. 

The  flax  area  of  Mr.  Brown  at  Waikanae  is  an  instructive  case.  This 
area  had  entirely  escaped  the  trouble  until  about  the  month  of  September, 
1918,  when  it  broke  out  in  the  wettest  part  of  the  area  and  spread  rapidly. 
In  December,  1918,  I  paid  a  visit  to  this  swamp.  At  that  time  but  few 
plants  in  that  splendid  flax  where  the  soil  is  comparatively  dry  near  the 
highroad  were  affected — so  few,  indeed,  that  hardly  any  yellow-leaf  was 
apparent  when  walking  along  the  road.  In  the  wet  hollow  near  the  sand¬ 
hills  the  position  of  affairs  was  strikingly  different.  There,  in  places,  was 
a  veritable  epidemic,  perhaps  one-third  of  the  plants  being  diseased.  In 
company  with  Mr.  Brown  I  also  visited  that  area  of  magnificent  flax 
(Hadfield’s)  between  Waikanae  and  Paraparaumu,  where  we  noted  only 
one  diseased  plant,  and  that  very  slightly  affected. 

As  a  general  rule  I  have  seen  very  little  badly  diseased  flax  when  the 
plants  grew  naturally  under  dry  conditions.  Disease  there  may  be,  it  is 
true,  but  generally  it  is  negligible. 

As  for  the  cause  of  the  disease,  a  fungus  has  been  isolated  by  Mr. 
Waters  in  the  laboratory  of  the  Biologist  to  the  Department  of  Agriculture, 
Weraroa,  and  pure  cultures  prepared  for  inoculation  experiments.  Such 
have  to  be  conducted  with  the  greatest  care  ;  and,  of  necessity,  considerable 
time  must  elapse  before  definite  conclusions  can  be  reached.  Also,  the 
fungus  dealt  with  may  not  be  the  one  causing  the  disease  ;  nor  must  it  be 
forgotten  that  when  the  actual  organism  causing  the  disease  is  discovered, 
if  it  be  fungoid  or  bacterial,  science  has  yet  no  remedy  for  such  a  trouble. 
The  plants  to  be  cured  are  not  in  the  orchards,  gardens,  or  even  fields 
where  spraying  is  practicable,  but  they  occur  in  dense  masses  mixed  with 
dying  leaves,  tall  grass  it  may  be,  or  other  weeds  of  flax  areas.  Nor  is  it 
foliage  amenable  to  spraying  which  is  attacked,  but  the  roots  far-spreading 
beneath  the  soil. 
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3.  The  General  Progress  of  the  Disease  as  shown  by  the 

Marked  Plants. 

Owing  to  a  very  considerable  number  of  the  marked  plants  at  Ashlea 
having  been  cut  down  soon  after  the  marking,  to  cattle  displacing  the 
labels,  to  the  difficulty  in  finding  marked  plants  where  the  flax  has  increased 
in  density,  and  to  the  exceedingly  wet  state  of  Miranui,  except  at  the  last 
examination  the  number  of  plants  examined  on  each  occasion  was  consider¬ 
ably  less  than  I  had  anticipated.  All  the  same,  the  number  examined  is 
sufficient  to  give  reliable  indication  of  the  procession  of  events. 

The  table  below,  read  in  conjunction  with  the  remarks  directly  following 
it,  gives  a  clear  idea  of  what  happened.  The  Miranui  and  Ashlea  plants 
are  taken  together.  The  dead  plants  are  counted  in  with  the  diseased. 
Plants  recovering  and  plants  which  recovered  are  taken  together  for  the 
sake  of  emphasizing  recovery,  recovering  plants  being  in  the  majority 
of  cases  to  all  intents  and  purposes  healthy.  So,  too,  many  of  the 
diseased  plants  have  greatly  improved  in  part,  and  many,  though  classed 
as  still  diseased,  are  rapidly  making  excellent  flax.  In  order  to  make 
the  comparison  between  the  four  examinations  of  the  marked  plants 
stand  out  clearly,  percentages  are  given  in  three  of  the  columns  rather 
than  numbers. 


Table  showing  Results  of  the  Four  Examinations. 


No.  of  the 
Examination. 

Date  of  the  Examination. 

Number  of  Plants 
examined. 

Number  of 
Originally  Healthy 
Plants 
examined. 

Percentage  of 
Originally  Healthy 
Plants  which 
remained  healthy. 

Number  of  Plants 
examined 
originally  diseased. 

Percentage  of 
Originally  Diseased 
Plants  recovered 
or  recovering. 

Percentage  of 
Originally  Diseased 
Plants  remaining 
diseased  and  not 
recovering. 

1 

2nd-5th  July,  1918  .  . 

301 

121 

Per  Cent. 

83 

180 

Per  Cent. 

72 

Per  Cent. 
28 

2 

25th-27th  Sept.,  1918 

417 

200 

78 

217 

45 

54 

3 

21st,  22nd  Dec.,  1918 

357 

175 

57 

182 

40 

60 

4 

6th-8th  May,  1919  . . 

338 

. 

161 

54 

177 

77 

23 

The  figures  in  this  table  reflect  with  accuracy  the  procession  of  events 
as  shown  by  the  general  changes  in  the  aspect  of  the  flax  areas  themselves 
brought  forth  by  increase  or  decrease  of  yellow-leaf.  Thus  examination 
No.  1  shows  the  autumn  and  winter  recovery  of  1918,  while  examinations 
Nos.  2  and  3  reflect  plainly  the  gradually  increasing  deterioration  of  the 
flax  in  the  following  spring  and  early  summer,  and  examination  No.  4 
emphasizes  the  remarkable  recovery  during  the  autumn  of  1919.  That 
this  recovery  must  have  been  in  progress  for  at  least  two  months  prior  to 
the  date  of  examination  No.  4  was  revealed  by  the  appearance  of  the 
numerous  dying  leaves,  and  by  the  fact  that  plants  diseased  since 
December  had  recovered  perfectly  ;  the  recovery  must,  indeed,  have  been 
taking  place  at  a  date  equivalent  to  that  of  the  original  marking,  which 
I  do  not  think  was  a  special  period  of  recovery.  It  is  this  early  recovery 
of  1919  which  can  lend  high  hope  that  the  disease  has  passed  its  worst 
phase. 


4.  Detailed  Results  of  the  Final  Examination  of  the 

Marked  Plants. 

The  foregoing  table  deals  somewhat  roughly  with  the  history  of  the 
marked  plants  ;  it  does  not  tell  a  great  deal  more  than  does  the  changing 
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aspect  of  the  flax  areas  according  to  increase  or  decrease  of  general  yellow¬ 
ness.  The  figures  now  to  be  given,  however,  supply  information  as  to 
the  progress  of  the  disease  which  could  never  be  gained  by  observing  the 
conditions  of  the  flax  areas  as  a  whole.  In  fact,  these  figures,  especially  if 
taken  in  conjunction  with  what  follows  under  heads  6  and  7,  give  some 
definite  information  regarding  the  likelihood  of  a  plant  being  affected,  its 
chance  of  recovery,  its  chance  of  deterioration  as  milling-flax,  and  so  on. 

Apart  from  a  considerable  number  (85)  of  marked  plants  or  plots 
belonging  to  two  different  categories  treated  of  below  under  separate 
headings,  the  number  of  individual  plants  examined  during  my  final 
examination  of  the  marked  plants  at  the  beginning  of  May,  1919,  and  their 
condition  when  first  marked  at  the  end  of  February  and  the  beginning  of 
March,  1918,  were  as  follows 

Number  of  marked  plants  examined  at  final  examination,  338. 

Condition  of  these  338  plants  when  first  marked,  in  February,  1918  : 
Healthy,  147  (43  per  cent.)  ;  diseased,  177  (52  per  cent.)  ;  doubtfully  healthy, 
14  (4  per  cent.). 

History  of  the  Originally  Healthy  Plants.— Taking  the  originally  healthy 
plants  and  the  doubtfully  healthy  together,  the  following  is  their  history 
during  the  period  of  observation  of  about  fourteen  months  — 

(1)  Remained  healthy  all  the  time,  88  (54  per  cent.)  ;  (2)  became  more 
or  less,  diseased,  73  (45  per  cent.).  These  figures  may  be  a  little  too  high 
in  the  case  of  (1)  and  a  little  too  low  in  the  case  of  (2),  as  some  of  the  plants 
were  noted  on  one  occasion  only  during  the  periodical  examinations. 

Taking  next  the  73  originally  healthy  plants  which  became  diseased, 
the  following  is  their  history  : — 

(1)  Recovered,  37  (50  per  cent.)  ;  (2)  were  recovering,  16  (22  per  cent.) 
[total  (1)  and  (2),  72  per  cent.]  ;  (3)  were  a  little  better,  2  (3  per  cent.)  ; 
(4)  remained  more  or  less  badly  diseased,  16  (22  per  cent.)  ;  (5)  were 
evidently  dying,  2  (3  per  cent.). 

With  regard  to  the  value  of  the  flax  of  the  foregoing  for  milling  purposes, 
it  must  be  pointed  out  that  at  least  88  plants  (54  per  cent.)  were  growing 
vigorously,  and  that  45  plants  (27  per  cent.)  were  exceptionally  good. 

History  of  the  Originally  Diseased  Plants. — The  history  of  the  177  origin¬ 
ally  diseased  plants  is  as  follows  : — 

(1)  Got  worse  at  some  time  or  other,  114  (64  per  cent.)  ;  (2)  dying  and 
dead,  16  (9  per  cent.) ;  (3)  got  better  and  then  worse  (included  in  (1) ),  67 
(38  per  cent.)  ;  (4)  remained  much  as  at  first,  14  (8  per  cent.)  ;  (5)  recovered, 
83  (47  per  cent.) ;  (6)  recovering,  53  (30  per  cent.)  [total  (5)  and  (6),  77 
per  cent.] ;  (7)  now  worse,  11  (6  per  cent.). 

With  regard  to  the  value  of  these  originally  diseased  plants  for  milling 
purposes,  it  is  interesting  to  learn  that  at  least  88  (50  per  cent.)  were 
growing  well,  and  that  45  (25  per  cent.)  were  exceptionally  good.  Also, 
a  considerable  number,  although  still  deseased,  were  quite  suitable  for 
milling,  while  others,  though  partly  diseased,  were  otherwise  extremely 
healthy  and  showing  every  sign  of  developing  into  excellent  plants. 

5.  A  Few  Cases  of  Remarkable  Recovery. 

That  a  plant  is  badly  diseased  is  far  from  being  a  certain  indication 
that  it  will  not  eventually  recover  and  make  good  milling-flax.  It  is  no 
uncommon  circumstance  to  find  that  when  the  prostrate  stem  (rootstock, 
or  rhizome)  of  a  badly  diseased  or,  it  may  be,  moribund  plant  reaches  the 
flat  ground  alongside  the  hummock  on  which  the  plant  originally  grew 
new  fans  of  the  greatest  vigour,  and  apparently  most  perfect  health,  are 
produced.  So,  too,  many  plants  were  noted  which,  though  badly  diseased 
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and  stunted  in  one  part,  were  otherwise  in  perfect  condition,  and  so 
remained  during  subsequent  examinations. 

The  following  specific  cases,  chosen  out  of  a  good  many  more  or  less 
similar  examples,  seem  of  sufficient  interest  for  embodying  in  this  report  : — 

(1.)  M.  207a. — Originally  greatly  diseased,  it  grew  in  a  badly  affected 
area,  and  the  plant  was  much  raised  above  the  ground.  Contrary  to  all 
expectations,  this  plant  had  almost  recovered  by  July,  1918.  It  remained 
at  that  stage,  neither  better  nor  worse,  till  December,  1918,  after  which 
month  it  further  improved  and  commenced  to  grow  in  earnest,  so  that  by 
May,  1919,  it  had  recovered  and  was  growing  well. 

(2.)  M.  155a. — Originally  diseased,  it  gradually  got  better  until  September, 
1918,  after  which — by  December,  1918 — it  “  had  got  as  bad  as  possible,” 
according  to  my  notes,  and  yet  by  May,  1919,  it  was  noted  as  having  “  many 
healthy  green  leaves,  and  has  recovered  considerably.” 

(3.)  M.  249.—“  A  very  small,  diseased  plant,  4  ft.  8  in.  high  ”  (Feb., 

1918)  ;  “  recovering  ”  (July,  1918)  ;  “  may  have  got  worse  since  July  ” 
(Sept.,  1918)  ;  “  will  soon  die  ”  (Dec.,  1918)  ;  “  recovered  somewhat,  and 
has  now  some  green  leaves  1  ft.  long  ”  (May,  1919). 

(4.)  M.  233. — -“  A  badly  diseased,  large,  open  bush,  but  with  many  good 
leaves,  10  ft.  4  in.  high”  (Feb.,  1918);  “recovering”  (July,  1918);  “not 
found  ”  (Sept:,  1918)  ;  “  getting  very  bad  ;  one  of  the  worst  seen  to-day  ” 
(Dec.,  1918)  ;  “  greatly  improved,  the  vellow-leaf  dying  out  rapidly  ”  (May, 

1919) . 

(5.)  M.  244a. — “  Stunted,  nearly  died  out  ”  (Feb.,  1918)  ;  “  many 

green  leaves,,  but  much  yellow-leaf  still  ”  (July,  1918)  ;  “  very  bad,  but 
with  a  few  green  leaves,  much  stunted  ”  (Dec.,  1918)  ;  “  now  growing 
fast  ”  (May,  1919). 

(6.)  M.  243. — This  was  originally  an  almost  dead  bush,  with  but  three 
or  four  more  or  less  diseased  pieces  remaining.  By  degrees  two  of  these 
pieces  gradually  improved,  but  there  was  no  appearance  of  it  ever  becoming 
good  flax  ;  however,  the  May,  1919,  notes  read  :  “  The  whole  bush  has 
recovered  greatly — a  remarkable  recovery.” 

(7.)  L.  79. — “  Diseased,  very  yellow,  most  of  the  leaves  bad,  5  ft.  high  ” 
(Feb.,  1918)  ;  “  still  quite  an  unhealthy  bush,  but  leaves  mostly  yellow 
above  and  at  apices  ”  (July,  1918)  ;  “  much  worse  than  at  last  examina¬ 
tion  ”  (Sept.,  1918)  ;  “  nearly  died  out  ”  (Dec.,  1918)  ;  “  yellow  leaves 
mostly  gone,  some  short  but  fairish  leaves  ”  (May,  1919). 

6.  History  of  a  Small  Flax  Area  from  the  Time  of  Cutting  up  to  a 

Period  of  Fourteen  Months. 

In  order  to  study  the  effect  of  various  fertilizers,  a  number  of  adjacent 
plots,  20  square  yards  each,  were  marked  off,  some  being  manured  and 
some  not  manured  for  sake  of  comparison.  But  such  manuring  proved 
of  little  moment,  for  the  area  was  flooded  a  few  days  after  the  fertilizers 
were  applied.  However,  as  each  plot  was  labelled,  an  excellent  oppor¬ 
tunity  was  afforded  for  studying  the  progress  of  yellow-leaf  alter  plants 
are  cut. 

The  number  of  marked  plots  was  forty.  Most  of  the  plants  had  been 
healthy  when  cut,  but  the  yellow-leaf  was  not  altogether  absent.  Owing 
to  the  amount  of  water  on  the  ground  no  examination  was  made  in  either 
July  or  September,  1918.  Possibly  about  four  hundred  plants  occurred 
in  the  marked  plots. 

When  examined  in  December,  1918 — nearly  ten  months  after  the  first 
marking — my  notes  say  that  very  little  yellow-leaf  had  come  in,  and  that 
the  average  height  was  about  4  ft.  The  fertilizing  had  had  no  effect,  but 
this,  owing  to  the  constant  and  early  flooding,  was  to  be  expected. 
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The  May,  1919,  examination  puts  the  healthy  plants  at  338,  and  the 
diseased  plants  at  twelve.  Generally  the  flax  was  5  ft.  high,  but  in  a  few 
of  the  plots  the  plants  were  stunted. 

This  freedom  from  yellow-leaf  of  flax  fifteen  months  old  since  cutting 
(cut  February,  1918)  is  very  satisfactory,  since,  although  diseased  flax  puts 
forth  green  leaves  for  a  time  after  cutting,  yellow-leaf  may  be  expected 
to  appear  in  about  six  months,  while  one-year-old  flax  is  frequently  badly 
diseased. 

7=  History  of  a  Considerable  Number  of  Marked  Plants  of  a  Badly 

Diseased  Area  from  Cutting  up  to  a  Period  of  Fourteen  and 
Fifteen  Months. 

The  area  in  question  is  situated  on  the  Aside  a  Estate,  near  its  junction 
with  Tane.  The  flax  was  badly  diseased  when  cut  ;  indeed,  almost  every 
plant  was  diseased  more  or  less.  Some  of  the  old  plants  had  died  outright. 
In  order  to  watch  the  progress  of  events  in  this  critical  area  I  marked  no 
less  than  45  plants.  Also,  it  was  easy  to  observe  the  general  condition  of 
this  originally  badly  diseased  area  on  each  periodical  visit. 

There  is  no  need  to  cite  the  detailed  statistics,  for  there  was  great 
uniformity  exhibited  by  the  plants  at  each  examination.  The  following 
shows  the  general  history  of  the  plants  :  — 

By  July  the  growth  of  each  plant  was  from  about  1J  ft.  to  2  ft.  True 
yellow-leaf  was  virtually  absent,  but  there  were  slightly  tinged  leaves 
on  almost  every  plant.  Growth  had  been  very  feeble.  The  September 
examination  revealed  a  similar  state  of  affairs :  there  was  still  abundance 
of  tinged  leaves  and,  except  in  a  few  cases,  no  growth  of  moment.  By 
December  there  was  much  browning  of  leaves,  but  not  much  actual  yellow- 
leaf.  Growth  had  still  remained  almost  at  a  standstill,  3  ft.  being  perhaps 
the  average  of  the  best.  It  looked,  indeed,  as  if  the  giant-fescue  grass 
would  wipe  out  this  stunted  flax.  By  May,  1919,  the  improvement  was 
most  marked.  There  was  hardly  any  vellow-leaf  ;  good  growth  had  set  in, 
the  change  for  the  better  being,  indeed,  remarkable. 

8.  The  Question  of  Races  of  Phormium  tenax  which  are  Proof 

against  Yellow-leaf. 

When  it  is  considered  that  out  of  147  healthy  plants  more  than  one- 
half  never  took  the  disease  for  a  period  of  considerably  more  than  fourteen 
months  when  plants  on  all  sides  of  them  were  affected,  the  question  of 
their  immunity  from  the  disease  at  once  arises.  These  plants  were  quite 
healthy  at  the  time  of  marking  ;  many  gave  every  proof  that  they  had 
been  healthy  for  months.  Can  such  immunity  be  accidental  ?  The  answer 
to  this  question,  bearing  in  mind  the  teachings  of  science,  must  be  in  the 
negative.  It  stands  out  clearly,  then,  that  in  some  of  the  above  healthy 
plants  there  is  the  best  material  available  at  the  present  time  for  raising 
a  race  incapable  of  contracting  yellow-leaf.  Such  a  race  once  segregated 
would  be  of  great  monetary  value.  Nor  does  the  work  of  producing  such 
a  race  appear  to  me  of  extraordinary  difficulty.  Such  work,  however,  is 
not  suited  for  a  private  individual.  There  is  no  patent  law  with  regard 
to  plants.  Work  of  this  kind  should  be  undertaken  either  by  the  State  or 
by  such  a  body  as  the  Flax-millers  ’Association.  But  the  latter  might  well 
hesitate  in  view  of  the  uncertainty  still  existing  regarding  the  spread  of 
yellow-leaf,  the  favourable  opinion  of  this  report  notwithstanding. 

However,  if  once  yellow-leaf  proves  to  be  not  so  hurtful  as  it  once 
promised  to  be,  the  quest  for  a  race  of  flax  which  could  not  take  the  disease 
would  be  a  legitimate  commercial  venture.  Undoubtedly,  the  future  of 
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the  flax  industry  lies  partly  in  increasing  the  areas  by  planting.  For  this 
purpose  much  poorer  ground  than  that  used  at  present  would  suffice . 

9.  Summary  and  General  Conclusions, 

(1.)  This  report  gives  an  account  of  the  behaviour  of  certain  marked 
flax-plants  in  the  Ashlea  and  Miranui  flax  areas  during  a  period  of  fourteen 
months.  This  behaviour  is  considered  a  reliable  index  of  the  progress 
of  events  so  far  as  the  yellow-leaf  is  concerned  in  the  above  areas  for  the 
period  stated. 

(2.)  Although  some  idea  of  the  progress  of  the  disease  may  be  gained 
from  the  observations  mentioned  in  (1),  yet  too  much  reliance  must  not 
be  placed  upon  them  as  an  indication  of  what  may  happen  in  the  future. 

(3.)  My  former  opinion  that  yellow-leaf  is  not  an  infectious  disease  is 
reversed,  and  the  opinion  is  advanced  that  it  is  an  infectious  disease 
probably  due  to  fungoid  or  bacterial  attack. 

(4.)  My  former  statement  that  yellow-leaf  is  favoured  by  stagnant 
water  is  upheld,  together  with  the  obvious  conclusion  that  the  disease  would 
not  be  nearly  so  bad  were  the  swamps  better  drained  in  winter  and  kept 
wetter  in  summer. 

(5.)  The  conclusions  of  (4)  are  supported  by  the  distribution  of  yellow- 
leaf  in  the  Manawatu,  at  Waikanae,  and  near  Plimmerton,  in  the  North 
Island,  and  throughout  the  South  Island  generally,  this  latter  knowledge 
the  outcome  of  seeing  the  plant  under  all  the  conditions  it  can  tolerate. 

(6.)  Periodical  examination  of  the  marked  plants  has  shown — (a)  That  a 
great  improvement  is  taking  place  at  the  present  time  ;  ( b )  that  there  is 
an  improvement  in  autumn  and  winter,  which  is  followed  by  deterioration 
in  spring  and  summer,  at  which  latter  season  the  flax  is  at  its  worst  ; 
( c )  that  a  large  percentage  of  healthy  plants  can  remain  healthy  even  when 
in  close  proximity  to  diseased  plants  ;  (d)  that  a  flax-bush  itself  can  be  in 
perfect  health  in  one  part  and  dying  out  in  another  part,  and  that  such  a 
bush  may  eventually  make  most  excellent  flax  ;  ( e )  that  when  a  portion  of 
a  diseased  plant  which  by  extension  of  the  rootstock  has  gained  a  piece 
of  level  ground  it  almost  always  becomes  remarkably  healthy  and  rapidly 
makes  good  flax  ;  (/)  that  diseased  plants  frequently  recover  and  may 
become  quite  as  good  as  plants  which  have  never  been  affected  ;  ( g )  that 
great  fluctuations  may  occur  during  the  year,  recovery  being  followed  by 
disease,  this  again  by  recovery,  and  vice  versa  ;  (h)  that  even  during  the 
worst  period  of  the  disease  more  originally  healthy  plants  remained  healthy 
than  became  diseased  ;  ( i )  that  a  large  percentage  of  healthy  plants  remained 
healthy  all  the  time  ;  (j)  that  a  considerable  percentage  of  diseased  plants 
not  merely  recovered  but  became  equal  to  the  best  unaffected  plants  ; 
(k)  that  very  few  plants  die  outright ;  (l)  that  a  small  amount  of  disease  may 
be  beneficial,  since  the  removal  of  a  few  leaves  leads  to  better  development 
of  the  remainder  ;  (m)  that  the  plants  of  an  area  cut  when  badly  diseased 
may  remain  virtually  free  from  true  yellow-leaf  symptoms  for  over  a  year 
and  eventually  grow  vigorously  ;  (n)  that  even  if  a  general  recovery  has 
set  in  it  is  most  likely  that  for  some  years  there  will  be  seasonal  fluctua¬ 
tions  ;  (o)  that  there  are  probably  plants  not  liable  to  the  disease,  and 
that  from  some  of  the  marked  plants  material  is  to  hand  for  the  selection 
of  a  race  which  cannot  take  the  disease  ;  (p)  that  under  certain  circum¬ 
stances  it  would  be  a  fair  business  proposition  for  the  Flax-millers’  Associa¬ 
tion  to  spend  money  on  raising  such  a  race  as  mentioned  in  (o),  since  it  is 
probable  that  it  may  be  profitable  to  extend  the  flax  areas  by  planting. 
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MAORI  STRING  GAMES. 

(Continued  from  page  147.) 

By  Johannes  C.  Andersen. 

With  Illustrations  by  J.  McDonald. 

WHA1  (CAT’S  CRADLE) — continued. 
Moutohora. 

(“  The  Whale  and  the  Mountain.”) 

This  figure  requires  two  performers  and  two  strings. 


Fig.  24.' — Moutohora.  After  movement  2, 


Method l. 

1.  The  Whale. 

1.  Both  performers  make  Opening  A,  and  stand  facing  each  other. 

2.  A  passes  his  hands  away  from  him  through  the  index  loop  of  the 
figure  held  on  the  hands  of  B.  B  then  draws  his  hands  towards  him,  but 
leaves  his  index  loops  on  the  wrists  of  A.  (Fig.  24.) 
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3.  B  likewise  passes  his  hands  through  the  index  loop  of  the  figure 
held  by  A.  A  in  turn  draws  his  hands  towards  him,  leaving  his  index  loops 
on  the  wrists  of  B. 

4.  A  now  takes  his  hands  entirely  out  of  the  figure  which  he  has  been 
holding,  and,  gathering  together  all  the  loose  hanging  strings,  twists  them 
up  and  passes  them  several  times  round  the  figure  held  loosely  between  the 
hands  of  B,  letting  the  end  hang  down.  (Fig.  25.) 

5.  A  with  his  right  hand  now  removes  the  loop  from  B’s  left  thumb, 
and  with  his  left  hand  the  loop  from  B’s  little  finger.  B  removes  his  left 


Fig.  25. — -Moutohora.  After  movement  4. 


hand  from  the  wrist  loop,  and  picks  up  with  his  left  hand  the  right-thumb 
loop  and  the  right-little-finger  loop,  removes  his  right  hand  from  the  wrist 
loop,  and  then  holds  in  his  right  hand  the  little-finger  loop.  A  and  B  now 
draw  the  hands  apart,  working  the  strings,  and  keeping  the  hands  well 
spread,  until  the  large  square  figure  appears.  (Fig.  26.)  (It  may  be  observed 
that  the  twisting  that  takes  place  in  movement  4  is  quite  unnecessary  for 
the  construction.  It  adds,  however,  to  the  effect,  especially  if  the  number 
of  twists  as  given  is  counted  out  loud.  The  pretty,  simple  figure  appears 
from  what  looks  like  an  inextricable  tangle.) 

There  is  little  resemblance  to  a  whale  in  this  figure.  Much  better 
is  the  name  it  has  in  the  Caroline  Islands,  naun  (a  house).  It  is 
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Fig.  26. — Moutohora.  After  movement  5. 

pair  of  inner  strings  which,  passes  at  right  angles  under  the  other  pair 
of  inner  strings,  and  lifts  them  up  above  the  centre  of  the  figure  to 
form  the  peak  of  the  mountain.  (Fig.  27.)  (Instead  of  seating  them¬ 
selves  and  transferring  the  loops  to  the  feet,  a  third  person  may  raise  the 
ridge-pole.) 

The  Caroline  Islands  house  is  formed  in  almost  the  same  way,  the  only 
difference  being  that  both  hands  are  used  to  lift  up  the  inner  pair  of  strings 
so  as  to  form  a  ridge-pole.  The  corner  loops  held  by  the  feet,  or  hands  if 
three  persons  take  part,  represent  piles.  (Fig.  28.) 


also  known  to  the  natives  of  North  Queensland.  (Mrs.  Jayne,  pp.  200 
et  seq .) 

2.  The  Mountain. 


A  and  B  now  sit  down  opposite  to  each  other,  crossing  the  legs  tailor- 
fashion,  and  each  places  on  the  left  foot  the  loop  held  by  the  right  hand, 
and  on  the  right  foot  the  loop  held  by  the  left  hand.  The  feet  must  be 
pressed  well  down  to  keep  the  loops  secure.  A  now  brings  together  the 
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Fig.  27. — Moutohora  (the  mountain). 


Fig.  28. — The  Caroline  Islands  house. 
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Comparison. 

With  the  figure  of  “  the  mountain  ”  may  be  compared  “  the  brush 
house,”  known  by  the  Pueblo  Indians  of  New  Mexico  as  nathu  (a  hut). 
(Mrs.  Jayne,  pp.  301  et  seq .) 


Fig.  29.- — “  The  brush  house  ”  {nathu). 


1.  Insert  the  thumbs  and  forefingers  in  the  loop,  drop  the  hands,  holding 
the  string  taut,  so  that  the  fingers  point  downwards  and  outwards,  and  the 
string  is  caught  by  the  thumbs  and  index  fingers,  there  being  a  short  palmar 
string,  a  near  thumb  string,  and  a  far  index  string.  Spread  the  thumbs  and 
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indexes  well,  turn  each  hand,  one  at  a  time,  inwards  and  upwards,  catching 
the  string  on  the  backs  of  the  thumb  and  index,  so  that  when  both  hands 
are  held  up,  palms  towards  you,  there  is  a  short  palmar  string,  a  far  thumb 
string,  and  a  near  index  string,  the  two  long  strings  passing  between  the 


Fig.  30. — The  star  made  from  “  the  brush  house.” 


index  and  thumb  and  lying  over  the  palmar  string,  which  passes  completely 
round  the  forefingers  and  thumbs. 

2.  Insert  the  right  index  from  below  under  the  left  palmar  string,  and 
draw  the  loop  out,  at  the  same  time  giving  it  one  twist  by  rotating  the 
index  away  from  you,  down,  and  up  again. 
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3.  Insert  the  right  thumb  from  below  into  the  right  upper  index  loop, 
to  make  the  loop  wider. 

4.  Pass  the  left  index  from  above  into  this  upper  loop  extended  on  the 
right  thumb  and  index,  and  pick  up  from  below  on  its  back  the  right  palmar 
string,  draw  the  loop  out,  giving  it  one  twist,  repeating  the  actions  of  the 
right  hand  in  movements  2  and  3. 

5.  Close  the  right  middle,  ring,  and  little  fingers  on  to  the  palm,  so  as 
to  hold  the  strings  on  the  right  hand  in  place  while  you  gather  together, 
close  to  the  left  hand,  between  the  right  thumb  and  index,  all  the  loops 
on  the  left  hand  by  putting  the  thumb  under  them  close  to  the  left  thumb 
and  index  and  closing  the  right  index  down  on  them.  This  holds  them 
firmly  in  place  whilst  you  withdraw  the  left  thumb  and  index  from  the 
loops.  With  a  turn  of  the  right  hand  turn  the  loops  over,  and  return  them 
to  the  left  thumb  and  index  as  they  were  before,  except  that  now  the  loops 
that  were  on  the  thumb  are  on  the  index,  and  vice  versa.  Draw  the  hands 


Fig.  31. — Unnamed  figure  described  on  p.  204,  after  movement  4. 


apart,  and  repeat  the  movement  on  the  right  hand.  Separate  the  hands 
and  draw  taut. 

6.  A  second  person  now  pulls  upwards  (or  it  may  be  done:  with  the 
teeth)  all  the  crossed  strings  in  the  centre,  lying  between  the  far  thumb 
string  and  the  near  index  string.  Then,  joining  the  thumb  and  index 
on  each  hand,  turn  them  inwards  and  downwards  through  the  space 
between  the  thumbs  and  index  fingers,  and,  with  the  palms  downwards, 
spread  the  thumbs  and  index  fingers.  Draw  all  taut,  and  the  house 
appears.  (Fig.  29.)  (Here  the  loops  on  the  thumbs  and  indexes  re¬ 
present  the  piles  of  the  house,  as  did  the  loops  on  the  feet  in  the  figure 
of  “  the  house.’5) 

This  figure  is  converted  into  a  beautiful  six-pointed  star  by  the  person 
who  draws  up  the  central  strings  letting  them  down  again,  and  releasing 
them  when  he  has  secured  between  thumb  and  index  of  each  hand  the 
two  strings  running  across  from  thumb  to  thumb  and  from  index  to  index. 
These  two  strings  he  then  draws  outwards  till  the  six  rays  of  the  star  are 
even  in  size.  (Fig.  30.) 
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Name  not  obtained. 

1 .  Opening  A,  taking  up  the  right  palmar  string  first. 

2.  Take  the  left  hand  out  of  all  the  loops,  and  let  them  hang  down  from 
the  right  hand,  whose  palm  is  turned  down,  fingers  pointing  to  the  left. 

3.  Close  the  thumb  and  little  finger  of  the  left  hand,  insert  them  in  the 
right  hanging  index  loop  near  the  index,  spread  them  and  draw  the  hand 
to  the  left,  taking  the  loop  from  the  right  index  and  leaving  it  on  the  left 
hand  in  position  1. 

4.  With  the  left  index  take  up  from  below  the  right  palmar  string,  and 
separate  the  hands.  (Fig.  31.) 

5.  Bend  the  right  thumb,  and  take  up  from  below  on  its  back 
the  right  near  little-finger  string,  and  return  the  thumb  to  its  former 
position. 

6.  Bend  the  left  thumb  over  the  left  near  index  string,  and  take  up 
from  below  on  the  back  of  the  thumb  the  left  far  index  string,  and  return 
the  thumb. 


Fig.  32. — The  finished  figure. 


7.  Bend  the  right  index,  and  pick  up  from  below  on  the  back  of  its  tip 
the  right  far  thumb  string,  and  return, 

8.  Bend  the  left  index,  and  pick  up  on  the  back  of  its  tip  the  left  near 
index  string,  and  return. 

9.  With  the  lips  bring  the  strings  of  the  lower  thumb  loops  up  over  the 
upper  loops  and  the  tips  of  the  thumbs,  dropping  them  on  the  palmar  side 
(that  is,  navaho  the  thumb  loops),  taking  care  not  to  drop  the  upper  thumb 
loops. 

10.  Release  the  little-finger  loops,  spread  the  thumbs  and  index  fingers, 
extending  the  figure  between  their  tips  as  the  palms  are  turned  away, 
taking  care  that  the  loops  do  not  slip  from  the  tips  of  the  thumbs.  (Fig.  32.) 

Comparison. 

This  figure  is  practically  identical  with  the  Caroline  Islands  “  catch  ” 
(Mrs.  Jayne,  pp.  142  et  seq.).  The  movements  also  correspond,  though  their 
order  is  slightly  different. 

The  “  catch  ”  follows  the  completed  figure.  If  another  person  puts 
his  hand  through  the  central  diamond,  his  hand  will  be  caught  in  a  loop 
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if  the  strings  be  dropped  from  the  left  hand  and  pulled  to  the  right ;  it 
will  not  be  caught  if  the  strings  be  dropped  from  the  right  hand  and  pulled 
to  the  left. 

The  figure  is  known  as  geigi  (the  kingfish)  on  Murray  Island,  and  dangal 
(the  dugong)  on  Mabuiag,  in  Torres  Straits  (Mrs.  Jayne,  pp.  39  et  seq .,  and 
Miss  Haddon,  pp.  13  and  14).  In  these  places  the  method  of  production 
is  much  simpler 

1.  Opening  A,  taking,  as  is  usual,  the  left  palmar  string  first. 

2.  Release  the  right  index  loop,  and  extend.  Hook  the  left  index  down 
into  its  own  loop,  catching  and  holding  down  the  palmar  string. 

3.  Release  the  three  left-hand  loops,  and  extend.  Insert  the  left  thumb 
and  little  finger  from  below  into  the  left-index  loop,  and  remove  the  index, 
leaving  the  string  on  the  left  hand  in  position  1. 

4.  Hook  the  left  index  from  above  behind  the  right  palmar  string,  and, 
catching  the  string  on  the  inner  side  of  its  tip,  draw  it  out,  giving  the  loop 
a  twist  by  turning  the  index  towards  you  and  up  to  its  usual  position. 


5.  Insert  the  right  index  into  the  right- thumb  loop  from  above,  take 
up  on  its  back  the  far  right- thumb  string,  turn  the  finger  away  from  you, 
insert  it  from  above  into  the  right-little-finger  loop,  crook  it  and  take  up 
on  its  inner  tip  the  right  near  little-finger  string,  dropping  from  its  back 
the  far  thumb  string  previously  taken  up,  and  raise  the  finger  to  its  usual 
position. 

6.  Insert  the  right  little  finger  from  below  into  the  right  index  loop, 
hold  in  its  crook  the  far  thumb  string,  allowing  the  right  far  little-finger 
string  to  slip  off  over  the  back  of  the  little  finger. 

7.  Bend  the  left  little  finger  over  the  left  far  index  string,  allowing  the 
far  little-finger  string  to  slip  off  over  the  back  of  the  finger. 

8.  Release  the  loops  from  the  thumbs,  and  extend  the  figure  between  the 
tips  of  the  index  and  little  fingers. 

This  figure  differs  from  the  foregoing  only  in  being  extended  between 
the  tips  of  the  index  and  little  fingers  instead  of  between  the  index 
fingers  and  thumbs.  In  the  former  the  string  also  takes  an  extra 
twist  around  the  left  index  finger,  and  the  lacing  of  the  diamonds  differs 
slightly.  The  figure  itself  is  exactly  the  same,  and  the  “  catch  ”  may 
follow  as  before  ;  and  the  puzzle  of  catching  or  not  catching  may  be 
increased  by  reversing  the  actions  of  the  hands.  This  figure  is  also 
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interesting  since  dissimilar  motions  by  the  two  hands  produce  a  sym¬ 
metrical  result.  (Fig.  33.) 

A  third  form  of  the  figure  is  known  in  Africa. 

1.  Opening  A. 

2.  Release  the  loops  from  the  little  fingers  and  draw  taut. 

3.  Insert  the  index  fingers  from  below  into  the  thumb  loops  and 
transfer  them  to  the  index  fingers,  thus  leaving  the  thumbs  and  other 
fingers  free. 


4.  Insert  the  thumbs  from  above  into  the  lower  index  loop,  and  pick 
up  on  the  back  of  the  thumbs  the  lower  far  index  string,  returning  the 
thumbs  to  their  position. 


5.  Insert  the  thumbs  from  above  into  the  upper  index  loop,  and  pick 
up  on  their  backs  the  upper  far  index  string,  and  return  them  to  their 
position. 


6.  Pass  the  ring  fingers  over  the  upper  near  index  string  and  down 
behind  the  lower  near  index  string,  picking  up  the  latter  on  the  backs  of 
the  fingers  as  they  are  returned  to  their  position. 

7.  Pick  up  with  the  lips  the  lower  near  thumb  string  of  both  hands, 
and  lift  it  over  the  upper  string  and  the  tip  of  the  thumb,  dropping  it  on  the 
palmar  side  (that  is,  navaho  the  thumb  strings). 

8.  Keeping  the  strings  drawn  tight,  swing  the  left  hand  down,  and 
turn  it  palm  upwards  with  the  fingers  pointing  away  from  you  ;  turn  the 
right  hand  palm  downwards  with  the  fingers  pointing  towards  you,  and  the 
completed  figure  appears.  (Fig.  34.) 


Fig.  35. — ?  PaeJcoJco. 
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This  is  the  least  satisfactory  of  the  three  forms  of  this  figure.  It  differs 
from  the  others  in  being  extended  on  three  fingers  instead  of  two,  in  having 
two  loops  round  the  forefingers  in  the  finished  pattern,  and  in  the  right- 
hand-side  strings  of  the  left  diamond  and  the  left-hand  strings  of  the 
middle  diamond  looping  over  each  other  instead  of  passing  directly  across 
the  pattern  as  in  the  other  forms.  It  is  peculiar,  too,  that  the  symmetrical 
motions  employed  should  require  unsymmetrical  movements  to  display  the 
figure  and  produce  an  unsymmetrical  result. 


Fig.  36. — Tutae  takahuri.  The  figure  is  displayed  by  its  maker,  Aporo. 


This  figure  is  of  especial  interest,  as  it  is  produced  in  at  least  three 
widely  different  parts  of  the  world,  and  in  all  three  by  a  different  method. 
This  difference  argues  for  an  independent  origin  of  the  three  forms,  and  there 
may  be  other  ways  of  producing  the  three  diamonds  of  the  pattern,  ways 
already  known  or  to  be  discovered.  Diamonds  are  the  natural  forms 
assumed  by  crossed  strings,  and  their  number  in  one  row  ranges  from  one 
to  five,  or  it  may  be  more.  Five  is  the  largest  number  seen  by  the  writer  : 
one  of  the  patterns  seen  at  Gisborne  showed  five  diamonds  (fig.  36),  but 
unfortunately  the  method  of  procedure  was  not  obtained.  Figures  35 
and  37  were  also  obtained  at  Gisborne,  but  without  the  method  of  pro¬ 
cedure.  The  last  is  of  especial  interest,  as  it  represents  the  four  brothers 
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Maui,  and  requires  two  persons  for  its  production.  The  persons  appearing 
in  the  illustration  are  Aporo  and  the  writer  of  this  paper. 

It  is  hoped  that  by  means  of  the  nomenclature  used  in  the  foregoing 
figures  many  more  of  the  patterns  known  in  New  Zealand  will  be  recorded. 

I  wish  to  give  special  thanks  to  Mr.  Elsdon  Best  for  the  Maori  material 
in  this  paper,  and  to  Mr.  J.  McDonald,  of  the  Dominion  Museum,  for  taking 
the  photographs  for  the  illustrations. 


Fig.  37. — The  four  Maui. 


The  following  are  the  authorities  from  which  quotations  have  been 
made  and  comparisons  gathered  ;  as  noted,  excellent  bibliographies  of  the 
subject  are  contained  in  the  books  by  Mrs.  Jayne  and  Miss  H addon. 

Ernest  Dieffenbach,  Travels  in  New  Zealand ,  2  vols.,  1843. 

Rev.  Richard  Taylor,  Te  Ika  a  Maui,  1855. 

Arthur  S.  Thomson,  Story  of  New  Zealand,  2  vols.,  1859. 
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BACTERIOLOGY  IN  RELATION  TO  COMMERCIAL 

MEAT  PRODUCTS.* 

By  A.  M.  Wright,  A.I.C. 

Sterilization  by  Heat. 

The  preservation  of  foods  by  sterilization  in  hermetically  sealed  containers 
was  suggested  over  a  hundred  years  ago.  For  nearly  fifty  years  the  process 
was  chiefly  confined  to  the  home,  and  it  was  only  after  the  middle  of  last 
century  that  commercial  canning  passed  the  experimental  stage. 

At  the  outset  let  it  be  understood  that  there  is  a  distinction  between 
pasteurization,  in  which  the  temperature  is  raised  sufficiently  high  to  kill 
vegetative  bacterial  cells,  but  not  spores,  and  sterilization,  in  which  the 
temperature  is  considerably  higher — high  enough  to  ensure  the  destruction 
of  all  bacterial  cells,  including  spores. 

Bacteriologically  there  is  a  thermal  death-point  for  the  vegetative  forms, 
and  this  is  defined  as  “  that  temperature  which  certainly  kills  a  watery 
suspension  of  the  organisms  in  question  after  an  exposure  of  ten  minutes.” 
This  has  been  defined  further  for  spores  as  “that  time  of  exposure  to  a  fixed 
temperature  (moist)  of  100°  C.  necessary  to  effect  the  death  of  all  spores 
present  in  a  suspension/’  The  thermal  death-point  can  be  determined 
with  a  fair  degree  of  accuracy  for  each  species,  and  is  much  higher  for 
spores  than  for  the  vegetative  forms. 

Heat  may  be  applied  either  in  the  absence  or  in  the  presence  of  moisture, 
known  respectively  as  “dry  heat”  or  “moist  heat.”  Dry  heat  is  much 
less  effective  than  moist  heat,  the  death  of  the  protoplasm  taking  place 
more  readily  in  the  presence  of  moisture.  In  practical  sterilization  moist 
heat  is  therefore  used  where  possible,  especially  where  penetration,  as  in 
the  case  of  meats,  is  required.  Steam  may  be  applied  under  pressure, 
when  a  fifteen-minute  exposure  at  127°  C.  suffices  to  destroy  all  known 
organi  ms,  the  thermal  death-point  being  lower  under  more  prolonged 
exposure  It  has  also  been  demonstrated  that  for  most  vegetative  forms 
a  temperature  of  66°  C.  will  kill  with  moisture  present,  while  an  exposure 
of  an  hour  and  a  half  at  from  120°  to  130°  C.  is  necessary  to  attain  the 
same  result  with  dry  heat. 

Instead  of  performing  sterilization  in  one  operation,  “  discontinuous  ”  or 
“  fractional  ”  sterilization  may  be  employed.  For  this  the  material  is 
exposed  to  heat  for  a  few  minutes  on  two  or  three  successive  days.  Any 
spores  surviving  the  first  heating  germinate,  and  the  resulting  organisms 
succumb  to  the  second  and  third  sterilizations.  As  some  spores  take  days 
or  even  weeks  to  germinate,  the  procedure  is  not  always  certain  in  its 
action,  and  it  is  possible  for  spores  to  germinate  in  a  material  believed 
to  be  sterile. 

Meat-canning. 

The  successful  canning  of  food,  including  meats,  depends  upon  the 
destruction  of  all  the  bacteria  present  in  the  material,  and  the  sealing  of 


*  Part  of  No.  4  of  a  series  of  lectures  on  “Applied  Bacteriology,”  delivered  at 
Canterbury  College,  3rd  May,  1920.  The  author  desires  to  express  his  thanks  to  the 
New  Zealand  Refrigerating  Company  (Limited),  and  to  the  Director-General,  New  Zealand 
Medical  Services  (N.Z.  Expeditionary  Force),  for  permission  to  publish  the  results  of 
these  investigations  carried  out  in  New  Zealand  ancl  with  the  overseas  Forces. 
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the  can  so  that  no  fresh  invasion  by  bacteria  or  other  micro-organisms 
can  occur.  This  is  accomplished  by  heating  the  cans  and  their  contents 
to  a  temperature  that  kills  not  only  the  bacteria  themselves,  but  also  the 
most  resistant  spores. 

The  complete  sealing  of  the  can  previous  to  heating  is  inadvisable,  for 
the  steam-pressure  inside  the  can  might  lead  to  the  formation  of  leaks 
that  would  encourage  subsequent  infection  ;  hence  a  small  hole  is  punched 
in  the  cover,  through  which  the  air  and  steam  escape  during  the  heating 
process.  After  the  sterilization  the  hole  is  closed  with  a  drop  of  solder, 
and  if  the  work  is  effectively  performed  the  contents  of  the  can  will  remain 
unchanged  for  an  indefinite  period. 

The  temperature  necessary  for  sterilization  varies  throughout  wide 
limits  according  to  the  nature  of  the  product ;  for  the  destruction  of 
bacteria  it  has  been  shown  that  a  higher  temperature  is  necessary  for  the 
spore  form  than  for  the  vegetative.  Again,  it  is  found  that  the  higher 
the  acidity  (within  the  range  of  acidity  of  foods)  the  lower  is  the  temperature 
required  for  sterilizing  the  food.  In  general,  the  spore-forming  bacteria 
do  not  thrive  as  well  in  the  more  strongly  acid  foods  as  in  foods  of  low 
acidity.  This  applies  especially  to  fruits  and  certain  vegetables.  Meat, 
probably  owing  to  the  difficulty  with  which  it  conducts  heat  to  the  centre 
of  the  can,  requires  a  slightly  higher  temperature  or  longer  time  of  sterili¬ 
zation  than  the  majority  of  other  foods. 

When  it  is  considered  how  great  the  variety  is  of  foods  that  may  be 
canned,  and  their  contact  with  air  and  water,  there  is  no  limit  to  the  num¬ 
ber  and  variety  of  micro-organisms  which  may  be  present.  Most  types  of 
micro-organisms,  however,  are  readily  killed  in  the  processing  of  canned 
foods,  but  in  some  rare  cases  bacteria  appear  to  be  present  which  with¬ 
stand  the  heat  of  sterilization,  and  if  the  cans  are  thoroughly  cooled  after 
the  processing,  these  remain  quiescent  until  the  can  is  stored  in  a  warm 
place.  Such  organisms  are  unusual,  but  have  been  known  to  cause  spoilage. 

When  the  closing  of  the  cans  is  not  perfect,  bacteria  sometimes  find 
their  way  into  the  can,  either  in  the  water  used  in  the  cooling-tank  or 
sprays  or  subsequently  from  the  air.  When  a  can  becomes  infected  in 
this  way  there  would  appear  to  be  no  limit  to  the  variety  of  bacteria 
which  may  be  expected.  Practically,  however,  types  of  organisms  will 
appear  which  thrive  in  the  constituents  characteristic  of  the  food  :  for 
example,  if  sugars  are  abundant,  yeasts  and  other  sugar  ferments  are 
usually  present  ;  if  proteins  are  prominent  and  sugars  are  practically 
absent,  as  in  meats,  then  proteolytic  organisms  will  prevail. 

Spoilage  in  canned  foods  is  usually,  perhaps  always,  due  to  one  of  two 
causes — defective  sealing  of  the  can,  or  under-sterilization.  Spoilage 
betrays  itself  either  by  the  swelling  of  the  can  or  by  an  abnormal  taste 
or  appearance  of  the  food.  Usually  it  occurs  rapidly,  and  is  evident  a 
day  or  two  after  the  food  is  packed.  When  it  is  remembered  that  the 
rate  of  penetration  of  heat  through  the  contents  of  a  can  depends  largely 
upon  the  physical  nature  of  the  food,  it  is  evident  that  slight  changes  in 
the  character  or  packing  of  the  food  will  greatly  influence  the  time  of 
heating  necessary  for  sterilization.  Then,  again,  the  bacteria  capable  of 
destroying  canned  goods  are  not  only  of  different  species,  but — what  is 
of  more  importance  to  the  canners — the  spores  of  different  species  are 
capable  of  withstanding  different  amounts  of  heating.  As  a  result  of  this 
it  is  possible  to  operate  successfully  for  a  number  of  seasons  at  one 
temperature,  and  suddenly  find  trouble  when  a  more  resistant  species  gets 
into  the  cans. 
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The  fact  that  the  ends  of  a  can  may  be  bulged  does  not  necessarily 
mean  that  the  contents  are  spoiled  :  if  the  can  is  sealed  without  pre¬ 
liminary  heating,  or  if  it  is  overfilled,  the  ends  may  bulge  while  the  contents 
remain  sterile.  Notwithstanding  this,  however,  a  bulged  end  on  a  can 
may  safely  be  regarded  by  the  consumer  as  a  “  warning  sign.'’ 

In  the  popular  Press  warnings  are  sometimes  given  against  storing 
food  in  the  open  can  after  part  of  the  contents  has  been  removed,  and 
often  the  most  extravagant  statements  have  been  made  on  this  subject. 
It  should  be  obvious  that  an  open  can  is  as  suitable  for  the  storage  of 
food  as  a  tin  receptacle  of  any  sort  in  which  most  of  the  milk-supply  is 
held  daily.  The  amount  of  tin  taken  up  by  a  food  in  the  one  or  two  days 
for  which  it  is  possible  to  store  food  in  an  open  can  is  very  much  less 
than  the  amount  taken  up  from  the  closed  can  between  the  time  of  canning 
and  the  time  it  reaches  the  consumer.  Obviously,  bacterial  spoilage  does 
not  occur  more  readily  in  an  open  can  than  in  an  open  glass  dish. 

Contrary  to  the  opinions  held  by  certain  authorities,  solid  meat-extract 
has  been  demonstrated  by  bacteriological  methods  to  be  a  non-putrescible 
substance,  and  not  to  be  subject  to  bacterial  spoilage.  ft  has  been  found 
to  possess  properties  inhibitory  to  bacterial  growth.  These  properties  are 
probably  associated  with  its  concentration,  its  salinity,  and  also  with  its 
acidity,  for  normal  meat-juice  possesses  a  marked  amount  of  acidity,  due 
to  the  presence  of  organic  acids  and  of  inorganic  acid  salts,  which  increase 
in  proportion  to  the  concentration  of  the  meat-juice  as  it  is  evaporated 
down  in  the  preparation  of  the  solid  extract  of  meat. 

Frozen  Meats. 

Low  temperatures  have  been  used  by  mankind  from  the  earliest  times 
to  preserve  food  from  deterioration.  While  low  temperatures  suspend 
bacterial  activities,  they  are  not  very  effective  in  actually  destroying 
organisms,  for  it  has  been  demonstrated  experimentally  that  extremely 
low  temperatures  injure  bacteria  only  after  prolonged  exposure. 

There  is  evidence  that  the  flesh  of  a  mammoth  incrusted  in  polar  ice, 
and  presumably  thousands  of  years  old,  has  been  found  to  be  intact,  for, 
as  stated  by  Nordenskj  old  in  his  book  The  Voyage  of  the  Vega ,  it  appears  that 
the  remains  were  uncovered  by  the  moderation  of  the  weather  of  northern 
Siberia,  which  resulted  in  land-slides  and  the  disclosure  of  this  mammoth, 
the  flesh  furnishing  food  for  wolves  and  birds  of  prey.  It  is  a  remarkable 
testimony  in  favour  of  preservation  by  freezing  that  animal  flesh  and  tissue 
structures  should  be  preserved  at  all  after  the  lapse  of  the  thousands  of  years 
since  the  animal  died. 

It  is  now  recognized  that  the  flesh  of  healthy  animals  is  free  from 
bacteria,  but  as  soon  as  death  ensues,  if  no  measures  are  taken  to  guard 
against  bacterial  infection,  the  flesh  becomes  a  suitable  field  of  bacterial 
invasion  and  growth.  As  bacteria  are  almost  universally  present  in  the  air, 
it  is  to  be  expected  that  on  the  surface  of  meat  bacteria,  will  be  found,  and 
that  if  no  measures  are  taken  to  prevent  invasion  of  the  interior  bacterial 
growth  will  take  place  there. 

It  has  been  found  that  bacteria  and  moulds  are  from  a  practical  stand¬ 
point  the  existing  causes  of  the  principal  changes  which  occur  in  flesh  foods, 
and  if  these  micro-organisms  are  absent,  or  their  activities  suspended,  the 
changes  in  flesh  food  will  be  slow  and  inconsiderable. 

The  fact  that  bacteria  are  able  to  withstand  exposure  to  intense  cold 
is  of  slight  importance  when  placed  beside  the  other  fact,  well  established, 


212  The  N.Z.  Journal  of  Science  and  Technology.  [Nov. 

that  a  sufficiently  low  temperature  absolutely  prevents  growth  and  multi¬ 
plication  of  bacteria,  and  stops  all  bacterial  action. 

Many  observations  have  been  recorded  and  many  experiments  have 
been  carried  out  in  order  to  discover  whether  bacteria  are  able  to  penetrate 
into  frozen  meats  at  the  temperature  of  cold  storage,  and  in  every  case  it 
has  been  found  that,  while  upon  the  surface  of  the  frozen  meat  might  be 
found  bacteria,  just  as  in  the  case  of  fresh  meat,  the  interior  was  sterile  and 
free  from  bacteria.  The  experiments  might  be  quoted  at  length,  but  one 
only,  and  that  a  most  important  one,  will  be  noted.  A  tub  of  water  was 
brought  nearly  to  freezing-point  in  a  freezing-chamber,  and  to  it  was  added 
a  quantity  of  a  suspension  in  water  of  many  thousand  millions  of  the  micro¬ 
organisms  of  putrefaction,  cultured  and  grown  from  putrefying  meat. 
Several  pieces  of  meat  were  now  placed  in  the  tub  and  the  whole  allowed  to 
freeze.  Thus  the  surfaces  of  the  meat  were  in  intimate  contact  with  a 
frozen  mass  containing  immense  numbers  of  putrefactive  bacteria.  The 
conditions  were  ideal  for  bacterial  invasion  of  the  meat,  if  such  were  possible 
at  the  temperatures  varying  from  15°  to  20°  C.  below  the  freezing-point 
of  water.  At  the  end  of  five  months  sections  of  the  meat  showed  no  indica¬ 
tion  of  the  power  of  bacteria  to  penetrate  into  frozen  meat. 

It  is  a  matter  of  knowledge  that  cold-storage  meats  are  more  tender 
than  fresh  meats,  and  it  has  been  found  that  the  changes  associated  with 
this  increased  tenderness  are  due  to  the  gradual  and  limited  work  of  natural 
enzymes,  such  as  pepsin  and  trypsin  present  in  normal  flesh,  which  cause 
a  certain  amount  of  predigestion  similiar  to  that  occurring  when  fresh  meats 
are  kept  for  a  day  or  two  after  slaughter.  It  has  now  been  shown  that 
several  enzymes  are  present  in  frozen  meats,  and  they  have  been  isolated 
and  identified  in  such  meats  up  to  six  months  of  cold  storage,  and  it  is 
apparent  that  the  changes  found  in  cold-storage  meats  are  due  in  a  large 
measure  to  these  substances,  and,  while  enzyme  action  goes  on  but  slowly 
at  low  temperatures,  the  action  is  not  stopped.  This  is  the  reason  why 
refrigerated  produce,  when  thawed,  is  usually  ready  for  immediate  con¬ 
sumption,  and  does  not  require  keeping. 

It  has  been  found  that  under  certain  conditions  some  species  of  micro¬ 
organisms,  especially  moulds,  may  develop  upon  refrigerated  produce,  and, 
although  they  do  not  otherwise  change  it,  may  'cause  discoloration.  In 
some  cases  these  moulds  have  been  isolated  and  grown  artificially.  As, 
however,  this  subject  is  one  at  present  under  investigation  by  the  author 
it  is  not  desirable  at  present  to  discuss  the  cause  and  remedy,  but  it  may  be 
stated  that  the  moulds  in  question  are  harmless  to  animals  either  when  they 
are  fed  upon  them  or  when  the  moulds  and  their  products  are  injected 
subcutaneously  and  intraperitoneally.  There  is  also  evidence  that  a 
harmless  aerobic  coccus  is  symbiotic  with  the  mould. 

Oleomargarine. 

In  the  frozen-meat  industry  oleomargarine  is  the  caul  and  kidney  fat 
of  sheep  and  cattle,  which  is  washed  and  chilled,  the  hardened  fat  being 
then  cut  up  and  the  disintegrated  mass  rendered  in  jacketed  pans  or 
melting  -  kettles  at  a  temperature  as  low  as  is  consistent  with  the 
thorough  melting  of  the  fat,  so  that  the  membranous  tissue  is  separated 
and  sinks  to  the  bottom  of  the  rendering-kettle,  while  the  melted  fat 
rises  to  the  top  of  the  vessel.  After  clarifying,  further  refining,  and 
settling  the  fat  is  cooled  to  the  proper  temperature  for  “  seeding  ”  or 
crystallizing  out. 
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In  order  that  no  alteration  in  the  composition  of  the  fat  due  to  heat 
may  occur  the  rendering  of  the  fats  for  the  manufacture  of  food  products  is 
done  at  a  temperature  seldom  sufficient  to  sterilize,  or  even  pasteurize,  the 
material ;  consequently  the  utmost  care  requires  to  be  exercised  in  order 
to  prevent  the  growth  of  micro-organisms  which  might  produce  bacterial 
decomposition.  Certain  undesirable  flavours  and  odours  have  been  definitely 
traced  to  the  presence  of  bacteria,  which  have  elaborated  enzymes  capable 
of  decomposing  the  fats  and  the  traces  of  protein  substances  frequently 
present  in  such  rendered  fats.  Pure  fat  is  not  readily,  if  at  all,  decomposed 
by  bacteria,  but  if  albuminous  matter  is  present  the  fat  may  be  decomposed 
by  the  action  of  various  bacteria  and  moulds,  which  derive  part  of  the 
nutriment  for  their  growth  from  the  albuminous  material. 


PROPOSALS  FOR  ETHNOLOGICAL  RESEARCH  IN 

NEW  ZEALAND. 

By  D.  Jenness,  Victoria  Memorial  Museum,  Ottawa,  Canada.* 

If  we  consider  the  geographical  position  of  New  Zealand,  its  healthy  climate, 
its  prosperous  population,  its  great  progress  in  all  the  arts  and  industries 
that  go  to  make  up  our  modern  civilized  life,  and,  alongside  of  these,  the 
presence  in  its  midst  of  a  large  native  race  not  fully  divorced  as  yet  from 
its  ancient  customs  and  ways  of  life,  then  we  would  seem  to  have  an  ideal 
centre  for  the  study  of  all  the  ethnological  problems  that  confront  the 
scientist  in  the  Pacific.  Rarotonga,  Samoa,  Fiji,  Tonga,  Tahiti,  the  Mar¬ 
quesas,  and  all  the  other  homes  of  the  Polynesian  race  are  within  easy 
reach,  while  New  Zealand  itself  is  the  home  of  the  Maoris,  who  in  many 
respects  are  the  most  interesting  of  all  the  South  Sea  natives.  It  is  only 
natural  perhaps  that  the  energies  of  both  the  Government  and  of  the  people 
should  have  been  directed  hitherto  towards  the  development  of  the  country 
as  a  home  for  the  white  race,  and  that  a  thorough  scientific  study  of  its 
aboriginal  population  should  have  fallen  into  the  background.  But  now 
that  the  Maoris  are  being  rapidly  assimilated  into  the  new  civilization  and 
are  losing  all  their  old  characteristics,  ethnological  research,  if  it  is  ever 
to  be  carried  out  at  all,  must  be  carried  out  at  once.  The  field  of  research 
that  the  Maoris  offer  is  still  very  rich,  but  fifty  years  hence  it  will  be  almost 
barren.  This  statement  applies,  indeed,  not  only  to  the  Maoris  but  to  all 
the  inhabitants  of  Polynesia.  Other  countries  have  recognized  this,  and 
both  in  Europe  and  America  there  are  specialists  who  are  devoting  their 
lives  to  the  study  of  the  old  civilizations  of  the  South  Seas  before  it  becomes 
too  late.  I  need  only  mention  in  this  connection  the  work  that  British 
ethnologists  are  doing — Dr.  Rivers,  for  example,  in  Melanesia,  and  Mr. 
and  Mrs.  Routledge  in  Easter  Island.  No  later  than  last  year  the  Bishop 
Museum  of  Honolulu,  with  the  support  of  various  scientific  institutions  in 
the  United  States,  sent  out  an  expedition  to  carry  on  ethnological  researches 
for  two  years  in  the  southern  Pacific.  Both  European  and  American 


*The  proposals  in  this  paper  were  made  by  Mr.  Jenness  at  the  suggestion  of 
the  Director  of  the  Dominion  Museum,  and  are  here  published  because  of  their  general 
interest.  Work  of  the  kind  suggested  was  commenced  by  the  Dominion  Museum  in 
1919  (see  this  volume,  pp.  175-76). — Ed. 
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scientists,  however,  are  restricting  their  activities  to  the  more  outlying 
portions  of  Polynesia,  and  are  depending  upon  New  Zealand  scientists  to 
carry  on  parallel  researches  among  the  Maoris,  with  which  their  own  results 
may  be  compared  and  correlated. 

Much  excellent  work  in  ethnology  and  archaeology  has  already  been 
done  in  New  Zealand,  and  such  publications  as  the  Transactions  of  the  New 
Zealand  Institute  and  the  Journal  of  the  Polynesian  Society  hold  a  very  high 
place  among  the  ethnological  literature  of  the  world.  But  the  time  has 
come  for  more  accurate  and  intensive  work.  The  United  States  was 
brought  face  to  face  with  a  similar  problem  forty  years  ago,  and  it  is 
instructive  to  see  what  methods  it  adopted  to  meet  the  situation,  even 
though  they  may  not  be  fully  applicable  to  New  Zealand. 

The  United  States  has  several  great  museums — for  example,  the  National 
Museum,  at  Washington,  and  the  American  Museum  of  Natural  History,  in 
New  York.  Each  of  these  museums  has  its  own  staff  of  ethnologists  and 
archaeologists,  the  majority  of  whom  carry  out  special  researches  each 
summer  among  different  Indian  tribes,  and  then  return  to  their  museum 
to  work  up  their  results  for  publication  in  the  yearly  official  reports. 
In  addition  to  this  the  larger  universities  have  chairs  in  ethnology  or 
anthropology,  filled  by  professors  and  assistant  professors.  Some  of  these 
universities — I  may  instance  Harvard,  Pennsylvania,  and  California — have 
their  own  museums,  the  staffs  of  which  join  with  the  university  professors 
int  carrying  out  field-work  among  the  Indians  and  publish  annual  reports  of 
their  results.  Thus,  through  the  combined  work  of  the  museums  and  of 
the  universities,  more  real  knowledge  has  been  gained  of  the  Indian  tribes 
of  North  America,  their  languages  and  their  civilizations,  than  of  any  other 
native  races  in  the  world,  and  in  the  science  of  ethnology  the  United  States 
holds  the  foremost  place. 

In  New  Zealand  there  are  four  university  colleges,  one  in  each  of  the 
four  principal  cities,  and  four  museums,  all  of  which  have  larger  or  smaller 
ethnological  collections.  In  Dunedin  there  is  a  lectureship  in  ethnology 
in  the  university  college,  combined  with  a  curatorship  of  the  ethnological 
museum.  The  largest  museum,  the  only  national  museum,  is  in  Wellington, 
and  its  work  is  the  most  important.  Besides  these  there  are  a  few  inde¬ 
pendent  workers  among  the  Maoris  and  in  Polynesia  who  are  not  connected 
with  any  institution.  It  would  obviously  give  a  great  stimulus  to  ethno¬ 
logical  research  if  the  Dominion  Museum  in  Wellington  were  made  a  central 
and  co-ordinating  institution,  which  could  help  in  financing  ceitain 
authorized  researches  and  publish  the  results  in  a  series  of  memoirs.  This 
is  the  method  that  is  adopted  in  Canada.  The  Victoria  Memorial  Museum  at 
Ottawa  has  its  own  ethnological  and  archaeological  staff,  the  members  of 
which  carry  out  field-work  each  year  among  the  various  Indian  tribes  ;  in 
addition  the  museum  finances  or  helps  to  finance  various  individuals  from 
time  to  time  in  their  field-work  among  other  Indian  tribes,  and  publishes 
their  results  in  a  series  of  museum  memoirs.  At  the  same  time  the  Museum 
is  empowered  to  purchase  specimens  from  all  parts,  and  has  thereby  become 
the  greatest  treasure-house  of  Canadian  ethnological  material  in  the  world. 

All  this,  however,  is  a  matter  of  organization.  What  I  really  wished 
to  suggest  were  two  methods  by  which  information  of  the  greatest  value 
could  be  obtained  by  the  museum  at  a  very  small  outlay.  The  first  relates 
to  the  physical  anthropology  of  the  Maoris,  the  second  to  the  collection  of 
a  vast  mass  of  ancient  incantations,  songs,  folk-lore,  legends,  &c.,  which 
remain  at  present  still  unrecorded. 
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1.  Physical  Anthropology. 

A  thorough  knowledge  of  the  physical  anthropology  of  the  Maoris  is 
an  indispensable  preliminary  to  the  scientist  who  would  study  their  racial 
affinities  and  past  history.  We  lack  at  the  present  time  full  and  reliable 
information  concerning  the  different  physical  types  that  are  found  among 
them — information,  that  is,  based  on  accurate  tables  of  measurements  show¬ 
ing  individual  statures,  and  head-,  trunk-,  and  limb-proportions.  I  would 
suggest  that  these  data  might  be  obtained  by  the  Dominion  Museum 
through  the  different  Health  officers  and  medical  practitioners  who  work 
among  the  Maoris.  Any  medical  man  who  would  undertake  this  work 
could  be  furnished  with  the  necessary  instruments  and  supplied  with 
a  handbook  giving  information  concerning  the  measurements  required. 
A  few  details  concerning  these  instruments  will  be  found  in  this  paper. 

2.  Songs  and  Traditions. 

Before  all  the  old  incantations,  songs,  &c.,  are  forgotten  they  should  be 
systematically  collected  on  phonographic  records  and  carefully  catalogued 
and  stored  in  the  Dominion  Museum.  In  this  way  not  only  the  ancient 
music  would  be  preserved,  but  the  records  would  form  an  excellent  basis 
for  future  linguistic  study,  especially  if  the  texts  of  the  songs  were  written 
down  at  the  same  time.  Care  should  be  taken  to  record  in  every  case  the 
name,  descent,  and  tribe  of  the  singer ;  wherever  possible,  too,  there 
should  be  a  photograph  of  him  accompanying  his  records.  In  the  case  of 
traditions  and  folk-lore  an  effort  might  perhaps  be  made  to  induce 
more  of  the  older  Maoris  to  write  or  dictate  manuscript  accounts.  This 
would  involve  no  great  expenditure,  and  even  if  the  manuscript  were 
in  Maori  and  could  not  be  translated  immediately,  yet  the  museum 
would  have  acquired  some  very  valuable  material  for  the  use  of  scholars 
in  the  future. 

The  type  of  phonograph  that  is  used  for  recording  Indian  songs  and 
incantations  by  the  staff  of  the  Victoria  Memorial  Museum  is  the  Edison 
Standard.  This  machine  is  no  longer  manufactured,  but  good  second-hand 
machines  can  be  obtained  anywhere  in  Canada  or  the  United  States  for 
about  20  dollars,  while  blank  cylinders  cost  about  35  cents  apiece.  Pro¬ 
bably  other  machines  could  be  found  which  would  answer  the  purpose 
equally  well. 

3.  Anthropometric  Instruments. 

An  excellent  set  of  anthropometric  instruments,  very  light  and  portable, 
was  supplied  by  P.  Hermann,  Scheuchzerstrasse  71,  Zurich,  at  a  cost  of 
about  £4  10s.  This  was  before  the  war  ;  but,  as  far  as  I  can  ascertain, 
the  same  firm  is  still  capable  of  supplying  them,  though  probably  at  an 
increased  cost.  Certain  instruments  could  be  obtained  also  from  W.  F. 
Stanley  and  Co.,  5  Great  Turnstile  Street,  London  W.C.  The  Royal 
Anthropological  Institute  of  Great  Britain,  Bloomsbury  Street,  London, 
could  furnish  information  on  this  matter. 

Messrs.  Hermann  and  Co.’s  set  of  instruments  comprised  a  pair  of  bow 
callipers,  straight  callipers,  a  steel  tape,  and  two  pencils  in  one  case,  and  an 
instrument  for  measuring  stature  in  another.  The  weight  of  the  whole 
outfit  would  be  hardly  greater  than  5  lb.  All  of  these  instruments  are 
graduated  on  the  metric  system.  Most  anthropologists  in  their  field-work 
add  to  this  outfit  an  engineer’s  callipers,  which  is  more  convenient  than 
the  straight  callipers  for  certain  head-measurements. 
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Information  concerning  the  measurements  which  should  be  taken  can 
be  obtained  in  the  handbook  Anthropological  Notes  and  Queries ,  published 
by  the  Royal  Anthropological  Institute  of  Great  Britain.  This  book  would 
be  a  sufficient  guide  to  any  medical  practitioner.  The  standard  work  on  the 
subject  is  in  German,  Lehrhuch  der  Anthropologie ,  by  Rudolph  Martin. 

Photographs  of  each  subject  measured,  especially  of  the  head,  full  face, 
and  profile,  are  exceedingly  important,  and  should  never,  if  possible,  be 
overlooked. 


ASTRONOMICAL  NOTES. 

Observations  of  Southern  Variable  Stars. 

By  C.  E.  Adams. 

The  following  observations  of  variable  stars  have  been  received  from 
Mr.  E.  L.  Morley,  Nelson.  This  class  of  observation  is  very  valuable,  and 
much  more  work  is  needed  on  the  southern  variable  stars.  The  instrument 
used  was  a  Sin.  Cooke  refractor. 


122854.  U  Centauri. 

Aug.  20.  8.30  p.m.  Invisible.  Star  12-4  only  just  visible. 

24.  8.0  p.m.  Glimpsed.  Well  below  12-4. 

30.  8.30  p.m.  Glimpse  only.  12  4  difficult. 

Sept.  4.  8.5  p.m.  Invisible.  12-4  glimpse  only. 

14.  7.30  p.m.  Glimpse  12-6  +  .  12-4  difficult  to  bold. 

16.  7.30  p.m.  Glimpse  12-6  ±.  12  4  difficult  to  hold. 

This  field  is  getting  low  down  in  the  south-west,  and  consequently  fainter 
stars  are  difficult  to  see.  Compare  this  with  S  Apodis  below,  where  13-2 
can  be  seen  at  higher  altitudes. 


152849.  R  Normae. 

Aug.  20.  10.30  p.m.  Glimpse.  12-8  invisible  (field  low) 

24.  8.30  p.m.  Mag.  12-2 

30.  9.10  p.m.  12-3  .. 

Sept.  4.  8.25  p.m.  12-3  + 

14.  8.0  p.m.  120 

16.  8.20  p.m.  119  or  12  0 


Suspected  variable 
in  same  Field. 

10-3  + mag. 
. .  10  4 

10-3  or  10-4 
10-3  or  10-4 
. .  10-4 

. .  10-4 


R  is  brightening  fairly  quickly  now.  The  suspected  variable  in  the 
same  field  seems  to  me  to  have  declined  somewhat,  but  the  decrease  is  so 
small  that  it  may  only  be  my  error. 


145971.  S  Apodis. 


Aug.  20. 
24. 
30. 

Sept.  4, 
14. 
16. 


9.30  p.m.  Mag.  12  0  or  121.  Star  mag.  13-2  glimpse. 

9.15  p.m.  121.  13-2  fairly  easy. 

9.40  p.m.  12  2  or  below.  13  2  easy. 

9.0  p.m.  12  0.  Very  clear  field. 

8.30  p.m.  13  2  or  below.  13  2  difficult. 

8.0  p.m.  13-4  +  .  13  2  fairly  steady. 


On  September  4  there  was  a  moon  about  9J-  days  old  and  seeing  was 
exceptionally  good.  This  may  account  for  an  apparent  overrating  of  its 
magnitude  on  that  day.  However,  within  the  next  ten  days  S  has  declined 
at  least  one  magnitude. 
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A  Brief  Method  of  Calculating  Occupations  of  Stars  by 

the  Moon. 

By  C.  J.  Westland,  F.R.A.S. 

The  tables  given  herewith  for  the  calculation  of  occultations  of  stars 
by  the  Moon  visible  at  Wellington  have  been  computed  by  the  formulae 
given  for  the  purpose  in  the  Nautical  Almanac  and  also  in  most  of  the 
text- books  on  astronomy,  viz., 

u  =  p  cos  <f>'  sin  h , 

v  =  p  sin  cos  8  — ■  p  cos  c p'  sin  8  cos  h, 

in  which  u  is  the  apparent  displacement  of  the  Moon  by  parallax  to 
east  of  true  place,  expressed  in  same  units  as  the  occupation  elements, 
v  is  the  displacement  of  the  same  nature  to  north  of  true  place,  p  is 
the  radius  of  the  Earth  at  place  of  observation,  <p'  is  the  geocentric 
latitude,  8  is  the  declination  of  the  star,  and  h  is  the  hour-angle  of  the 
star  at  time  proposed. 

The  values  of  v  were  calculated  up  to  six  hours  from  the  meridian  in 
both  north  and  south  declination,  instead  of  making  the  semi-diurnal  arc 
the  limit.  This  was  an  assistance  in  checking  the  accuracy  of  the  tables, 
and  it  has  also  been  found  convenient  to  retain  them  in  this  form.  When 
it  becomes  necessary  to  work  with  an  hour-angle  greater  than  six  hours, 
all  that  is  required  is  to  use  the  supplement  of  the  hour-angle  and  take 
the  column  for  same  declination  of  contrary  name  as  regards  north  and 
south,  v  is  always  negative,  and  u  is  negative  when  the  moon  is  east  of 
the  meridian. 

To  compute  the  circumstances  of  an  occupation,  find  from  the  almanac 
what  is  the  local  hour-angle  of  the  star  at  the  date  of  true  conjunction. 
If  the  star  is  east  of  the  meridian  the  apparent  conjunction  will  be  seen 
before  the  true  conjunction  ;  if  west  it  will  be  delayed  by  the  same  interval 
of  time  ;  and  the  fraction  of  an  hour  by  which  it  is  accelerated  or  retarded 
is  given  in  the  little  table  A.  This  is  to  be  entered  with  hour-angle  at 
date  of  true  conjunction  at  the  side,  and  the  element  x'  at  the  top. 

It  must  be  remembered  that  the  apparent  conjunction  is  not  midway 
between  the  star’s  disappearance  and  reappearance,  unless  the  star  is 
centrally  occulted,  but  it  usually  happens  fairly  close  to  the  midway  time. 
Most  occupations  last  about  an  hour,  because  the  Moon’s  mean  motion  is 
not  much  more  than  the  mean  value  of  her  diameter.  For  this  reason 
it  is  convenient  to  take  for  calculation  two  times  an  hour  apart,  with  the 
time  at  which  apparent  conjunction  takes  place  situated  nearly  midway 
between  them. 

Required  the  circumstances  of  the  occupation  of  16r  Aquarii  at  Welling¬ 
ton  on  October  31,  1919. 

Greenwich  hour-angle  is  —  9  h.  40  m.  Applying  longitude  -j-  11  h.  39  m. 
to  this,  we  have  local  hour-angle  +  1  h.  59  m.,  and  Table  A  interpolated 
shows  that  the  apparent  conjunction  will  be  retarded  0‘ 98  hour.  The 
best  times  for  our  purpose  will  be  J  hour  and  1J  hours  after  true 
conjunction,  when  the  Greenwich  times  are  21  h.  0  m.  and  22  h.  0  m. 
respectively,  and  the  local  hour-angles  are  -j-  2  h.  29  m.  and  +  3  h.  29  m. 
respectively. 
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The  calculation  is  then  performed  as  follows  : — 


u 

X 

X — u 
V 

y  • 

y—v 


h  +  2  h.  29  m. 

+  45 
+  •27 

—  •18 


h  +  3  h.  29  m. 

+  •59 
+  •81 
+  •22 


•52 

•58 


•06 


—  •58 

—  42 


+  •16 


When  x — u  is  negative  it  shows  that  the  Moon  is  west  of  the  star  ;  when 
y—v  is  negative  the  Moon  is  south  of  the  star.  The  rest  of  the  calculation 
is  effected  by  plotting  these  two  positions,  as  shown  on  the  diagram,  and 
drawing  the  line  M/-M//  through  them  to  represent  the  apparent  path 
of  the  Moon  past  the  star.  The  circle  is  drawn  round  the  place  of  the 
star  with  radius  0-272,  and  it  must  cut  the  line  My  M„  at  the  times  of 
the  star’s  disappearance  and  reappearance.  These  are  found  by  measure¬ 
ment  of  the  diagram  to  be  Greenwich  times  20  h.  48  m.  and  22  h.  1  m., 
corresponding  to  New  Zealand  mean  time  8  h.  18  m.  and  9  h.  31  m.  on 
November  1, 


south 


Occultation  of  16b  Aquarii  at  Wellington,  November  1,  1919. 


Table  A. 

For  finding  what  fraction  of  an  hour  the  apparent  conjunction  of  Moon 
and  star  will  be  accelerated  if  the  hour-angle  at  true  conjunction  is  east, 
or,  conversely,  how  long  it  will  be  retarded  if  the  hour-angle  is  west. 

The  table  is  to  be  entered  with  the  hour-angle  at  the  side  and  the 
Besselian  element  x  at  the  top. 


h 

•52 

•57 

•62 

1  hour 

•58 

•51 

•45 

2  hours 

1-03 

•92 

•82 

3  hours 

1-30 

M8 

1-05 

4  hours 

143 

1-30 

148 
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Table  for  finding  u. 

To  be  entered  with  the  hour-angle,  of  which  the  hours  are  given  at  the 
top,  and  the  additional  minutes  at  the  side. 


Hours. 


imiiutea. 

0 

■ 

1 

2 

3 

4 

5 

0 

•00 

•20 

•38 

•53 

•65 

•73 

4 

•01 

•21 

•39 

•54 

•66 

•73 

8 

•03 

•22 

•40 

•55 

•67 

•73 

12 

•04 

•23 

•41 

•56 

•67 

•74 

16 

•05 

•25 

•42 

•57 

•68 

•74 

20 

•07 

•26 

•43 

•58 

•68 

•74 

24 

•08 

•27 

•44 

•59 

•69 

•74 

28 

•09 

•28 

•45 

•59 

•69 

•75 

32 

•11 

•29 

•46 

•60 

•70 

•75 

36 

•12 

•31 

•47 

•61 

•70 

•75 

40 

•13 

•32 

•48 

•62 

•71 

•75 

44 

•14 

•33 

•49 

•62 

•71 

•75 

48 

•16 

•34 

•50 

•63 

•72 

•75 

52 

•17 

•35 

•51 

•64 

•72 

•75 

56 

•18 

•37 

•52 

•64 

•72 

•75 

Table  for  finding  v. 

To  be  entered  with  the  hour-angle  on  the  left  and  the  declination  at 
the  top. 


Part  I. — For  Declination  North. 


h' 

0° 

1° 

2° 

3° 

4° 

5° 

6° 

7° 

8° 

9° 

10° 

11° 

12° 

13° 

0 

•66 

•67 

•68 

•69 

•71 

•72 

•73 

•74 

•76 

•77 

•78 

•79 

•80 

•81 

1 

•66 

•67 

•68 

•69 

•71 

•72 

•73 

•74 

•75 

•76 

•77 

•78 

•79 

•80 

2 

•66 

•67 

•68 

•69 

•70 

•71 

•72 

•73 

•74 

•75 

•76 

•77 

•78 

•79 

3 

•66 

•67 

•68 

•68 

•69 

•70 

•71 

•72 

•72 

•73 

•74 

•75 

•75 

•76 

4 

•66 

•66 

•67 

•68 

•68 

•69 

•69 

•70 

•70 

•71 

•71 

•72 

•72 

•72 

5 

•66 

•66 

•67 

•67 

•67 

•67 

•67 

•67 

•68 

•68 

•68 

•68 

•68 

•68 

6 

•66 

•66 

•66 

•66 

•65 

•65 

•65 

•65 

•65 

•65 

•65 

•65 

•64 

•64 

h' 

14° 

!  15° 

10° 

17° 

18° 

19° 

20° 

21° 

22° 

23° 

24° 

25° 

26° 

27° 

o 

oo 

c-a 

0 

•82 

•83 

•84 

•85 

•86 

•87 

•88 

•88 

•89 

•90 

•91 

•91 

•92 

•93 

•93 

1 

•81 

•82 

•83 

•84 

•85 

•86 

•87 

•87 

•88 

•89 

•90 

•90 

•91 

•92 

•92 

2 

•80 

•80 

•81 

•82 

•83 

•83 

•84 

•85 

•85 

•86 

•87 

•87 

•88 

•88 

•89 

3 

•77 

•77 

•78 

•78 

•79 

•79 

•80 

•80 

•81 

•81 

•82 

•82 

•82 

•83 

•83 

4 

•73 

•73 

•74 

•74 

•74 

•74 

•75 

•75 

•75 

•75 

•75 

•75 

•76 

•76 

•77 

5 

•68 

•68 

•69 

•69 

•69 

•68 

•68 

•68 

•68 

•68 

•68 

•68 

•68 

•67 

•67 

6 

•64 

•63 

•63 

•63 

•62 

•62 

•62 

•61 

•61 

•60 

•60 

•60 

•59 

•58 

•58 
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Part  II. —  For  Declination  South . 


h' 

1° 

2° 

3° 

4° 

1 

5° 

6C 

7° 

8° 

9° 

10°  ^ 

11° 

12° 

13° 

14° 

0  .. 

•64 

•63 

•62 

•60 

•59 

•57 

•56 

•55 

•53 

•52 

•50 

•49 

•47 

•46 

1  .. 

•64 

•63 

•62 

•60 

•59 

•58 

•56 

•55 

•53 

•52 

•51 

•49 

•48 

•46 

2  . . 

•64 

•63 

•62 

•61 

•60 

•58 

•57 

•56 

•55 
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NATURAL-HISTORY  NOTES. 

On  the  Discovery  of  a  Frog  in  New  Zealand,*  by  Arthur  Saunders 

Thomson,  M.D.,  Surgeon,  58th  Regiment. 

In  the  “  Fauna  of  New  Zealand,”  compiled  by  J.  E.  Gray,  Esq.,  of  the 
British  Museum,  and  appended  to  Dieffenbach’s  Travels  in  New  Zealand, 
published  in  1842,  it  is  stated,  on  the  authority  of  Mr.  Polack,  that  “  toads 
and  frogs  are  not  uncommon,  especially  near  the  mountain  districts,  but  he 
believes  they  do  not  differ  from  the  species  in  Europe.”  With  this  remark 
before  his  eyes  Dieffenbach  states,  “they  have  never  been  seen  by  me,” 
and  he  doubts  their  existence  in  New  Zealand.  The  Rev.  Mr.  Taylor, 
who  has  been  long  resident  as  a  missionary  in  the  country,  in  his  Leaf 
from  the  Natural  History  of  New  Zealand  (1848),  makes  no  mention  of  frogs. 
Dr.  Sinclair,  Colonial  Secretary,  who  has  contributed  so  much  to  the  fauna 
of  New  Zealand,  informs  me  that  he  never  saw  or  heard  of  a  frog  in  the 
country.  I  have  asked  missionaries  who  have  been  upwards  of  twenty  years 
in  different  parts  of  the  Island,  and  natives  who  have  resided  all  their 
lives  in  the  country,  and  all  of  them  declare  that  they  never  even  saw  a  rog 
or  heard  the  croak  of  one  ;  and  from  these  circumstances  I,  with  many 
others,  believed  that  frogs  did  not  exist  in  New  Zealand. 

In  October,  1852,  indications  of  gold  were  found  around  the  harbour 
of  Coromandel,  in  the  gulf  of  Hauraki  or  Firth  of  Thames.  In  November 
I  visited  the  diggings,  and  procured  the  frog  which  is  herewith  sent.f 


*  Reprinted  from  the  Edinburgh  Neiv  Philosophical  Journal,  vol.  55,  pp.  66-69,  1853. 
The  frog  referred  to  is  Liopelma  hochstetteri  Fitzinger. — Ed. 

f  This  specimen  is  now  in  the  possession  of  James  Thomson,  Esq.,  of  Glendoman. 
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It  was  got  in  this  way.  The  gold-diggers  were  washing  the  soil  of  a 
mountain-stream  in  the  machine  called  ‘k  long- tom.”  In  excavating  the 
banks  they  displaced  several  large  boulders  of  quartzy  rock,  underneath 
which  was  discovered  the  living  frog.  The  gold-diggers,  who  voluntarily 
submit  to  the  evils  and  miseries  of  such  a  gambling  trade,  and  can  rarely 
be  excited  by  anything  unless  a  great  nugget,  were  so  much  astonished  at 
the  sight  of  a  frog  that  one  of  them  desisted  from  the  seductive  occupation 
he  was  at,  and  took  the  frog,  and  put  it  into  a  bottle  of  water.  As  the 
bottle  was  tightly  corked,  the  animal  soon  died  ;  but  so  anxious  were  the 
diggers  to  preserve  it  that  they  stuck  the  dead  frog  on  the  trunk  of  a 
dead  kauri-pine  to  dry,  and  when  they  saw  me  they  gave  me  the  animal. 

I  took  it  to  the  place  where  Lieutenant-Governor  Wynyard  was  holding  a 
conference  with  the  tribes  for  the  purpose  of  making  a  treaty  to  enable 
the  Europeans  to  dig  gold. 

The  frog  was  shown  to  many  of  the  natives,  and  was  carefully  examined 
by  several  intelligent  old  men,  one  of  whom  was  Taniwha,  a  celebrated 
chief,  who  recollects  the  last  visit  Captain  Cook  paid  to  this  country. 
None  of  these  individuals  had  ever  seen  the  animal  before,  nor  could  they 
give  any  name  to  it.  All  the  New-Zealanders  present  were  much  struck 
with  its  appearance,  and  they  said  it  must  be  the  atua,  the  spirit  or  god 
of  the  gold,  which  had  appeared  on  the  earth  ;  many  of  them  shrunk 
back  from  it  in  horror,  and  some  of  them  were  inclined  to  draw  unfavour¬ 
able  omens  from  its  discovery  at  such  a  particular  time. 

At  Auckland  I  met  natives  from  all  parts  of  the  Island  to  whom  I 
showed  th)  frog,  but  none  of  them  had  ever  seen  it  before.  Three  other 
frogs  were  caught  by  the  gold-diggers  in  a  different  stream  from  the  one 
in  which  the  specimen  was  found.  One  of  these  was  lost,  and  the  natives 
insisted  that  the  other  two  should  be  set  at  liberty,  lest  evil  should  come 
on  to  the  party  who  caught  them.  The  country  where  the  frogs  were 
found  is  made  up  of  plutonic  and  metamorphic  rocks,  which  rise  in  some 
places  to  1,500  ft.  It  forms  a  peninsula  from  Cape  Colville  to  the  mouth 

of  the  Thames.  The  rivulets  in  which  the  frogs  were  found  ran  down 

the  western  side  of  the  range  into  the  harbour  of  Coromandel.  The  hills 
are  thickly  covered  with  fine  timber,  and  the  streams  are  beautifully 
shaded  from  the  heat  of  the  sun. 

Description  of  the  frog,  taken  from  the  specimen  discovered :  Length  of 
body,  1  in.  ;  head  more  round  and  less  pointed  than  that  of  Rana  palustris 
of  Europe  ;  mouth  large,  with  teeth  in  the  upper  jaw ;  skin  smooth 
and  shining,  with  small  rounded  tubercles  or  papillae  on  the  sides  ; 
posterior  extremities  short,  with  four  toes  ;  eyes  prominent,  colour  olive- 
brown,  with  a  white  spot  between  them  ;  the  colour  of  greyish-white,  back 
brown,  the  belly  of  a  lighter  brown,  which  extends  round  and  forms  a 

border  on  either  side  of  the  brown  of  the  back.  The  extremities  are 

marked  across  with  lines  of  brown  and  greyish-white  alternately. 

Remarks. — Bory  St.  Vincent  states*  that  frogs  and  toads  are  not  found 
in  any  of  the  volcanic  islands  of  the  great  oceans.  But  this  idea  is  not 
now  correct  as  regards  the  North  Island  of  New  Zealand,  though  the 
statement  is  still  apparently  correct  as  regards  the  other  islands  in  the 
Pacific  Ocean.  In  the  Sandwich  group  of  islands  there  are  neither  frogs 
nor  toads. f 

In  the  Galapagos  ArchipelagoJ  there  are  no  frogs  or  toads,  and  I  have 
examined  men  who  have  lived  at  Tahiti,  the  Navigators  Group,  the 


*  Voyages  aux  Quatre  lies  d'Afrique. 

f  History  of  Hawaiian  Islands,  by  James  Jackson  Jerves,  London,  1843. 
j  Darwin’s  Voyages 
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Friendly  Islands,  Chatham  Islands,  Norfolk  Island,  and  many  of  the  other 
islands  of  the  great  ocean  which  surrounds  New  Zealand,  and  they  all  agree 
that  no  frogs  have  ever  been  found  in  any  of  these  islands.  Perhaps, 
however,  more  careful  inquiries  may  detect  frogs  in  the  hilly  rivulets  of 
these  countries,  as  they  have  been  discovered  in  New  Zealand. 

When  the  character  of  the  now  almost  extinct  native  rat  in  New 
Zealand  became  known  it  furnished  a  link  in  the  chain  of  evidence 
regarding  the  countries  from  whence  the  New- Zealander  originally  came, 
and  the  discovery  of  the  frog  may  throw  a  ray  of  light  on  some  obscure 
geological  questions  in  New  Zealand. 

Auckland,  New  Zealand,  29th  November,  1852. 


Verconella  adusta  :  a  Further  Correction. 

By  an  unfortunate  error  the  figures  of  Verconella  adusta  (Phil.)  and 
F.  dilatata  (Q.  &  G.)  on  page  170  of  last  issue  of  the  Journal  were  trans¬ 
posed.  Fig.  1  is  Verconella  dilatata  and  fig.  2  is  F.  adusta. 


Notes  on  the  “Hosts”  of  certain  Parasitic  Hymenoptera,  by  G.  V. 

Hudson,  F.E.S.,  F. N.Z. Inst. 

Breeders  of  Lepidoptera  are  often  very  remiss  in  failing  to  record  the 
various  species  of  parasitic  Hymenoptera  and  Diptera  which  emerge  in 
their  breeding-cages.  As  a  rule  these  insects  are  looked  upon  as  interlopers, 
and  their  advent  is  not  regarded  with  satisfaction  by  the  lepidopterist, 
seeing  that  the  insect  actually  wanted  is  naturally  destroyed  by  its 
parasite.  I  myself  have  failed  to  note  many  such  cases,  but  the  following 
are  a  few  instances  where  the  observations  have  been  preserved,  and  these 
should  perhaps  be  permanently  recorded. 

Fhogra  rubromaculata  Cameron,  Trans.  N.Z.  Inst.,  vol.  33,  p.  105. 

Sixty  specimens  of  this  small  ichneumon-fly  were  bred  from  a  single 
larva  of  a  species  of  Melanehra.  Food-plant  of  host :  Grasses  and  other 
low-growing  plants. 

Ichneumon  richardi  Cameron,  Trans.  N.Z.  Inst.,  vol.  33,  p.  117. 

Parasitic  in  the  caterpillar  of  Izatha  attactella.  Food-plants  of  host  : 
Bark  and  wood  of  dead  hinau  ( Elaeocarpus  dentatus),  wineberry  (Aristotelia 
racemosa),  beech  ( Fagus);  and  other  trees. 

Degithina  buchanani  Cameron,  Trans.  N.Z.  Inst.,  vol.  33,  p.  112. 

This  very  handsome  ichneumon-fly  is  parasitic  in  the  caterpillars  of 
several  species  of  Porina,  having  been  reared  from  larvae  of  Porina 
cervinata  and  P.  umbraculata.  The  male  ichneumon-fly  is  rarely  taken, 
but  the  female  has  a  remarkable  habit  of  hibernating  gregariously,  large 
numbers  of  individuals  of  that  sex  often  secreting  themselves  in  the 
crevices  between  the  weatherboarding  of  houses  and  in  similar  situations. 
When  the  country  was  in  its  primitive  condition  these  insects  used  to  be 
found  under  the  large  scales  on  the  bark  of  standing  rimu-trees  ( Dacrydium 
cu'pressinum),  where  they  were  often  extremely  abundant.  I  recorded  this 
habit  in  the  Entomologist  for  1883  (p.  215),  but  have  never  seen  it  mentioned 
elsewhere.  As  the  caterpillars  of  Porina  feed  on  the  roots  of  grasses 
during  the  whole  of  the  winter,  the  female  ichneumon-fly  would  need  to 
be  abroad  during  mild  intervals  for  most  of  that  period  in  order  to  avail 
herself  of  all  suitable  opportunities  for  ovipositing  in  the  caterpillars.  The 
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habit  of  secreting  herself  in  crannies  may  possibly  be  connected  with  her 
instinctive  efforts  to  follow  up  the  subterranean  burrows  of  the  Porina 
larva.  This,  however,  does  not  explain  why  the  female  ichneumon-flies 
habitually  hibernate  in  companies  of  twenty  or  thirty  strong  ;  but  I  have 
observed  this  to  be  the  case  so  very  many  times  that  I  have  not  the 
slightest  doubt  it  is  a  universal  habit  with  the  species. 

Degithina  strammeipes  Smith. 

This  species  is  parasitic  in  the  caterpillar  of  Epirrhanthis  alectoraria. 
Food-plant  of  host  :  Pittosporum. 

Lissonota  rubriplagiata  Cameron,  Trans.  N.Z.  Inst.,  vol.  33,  p.  106. 

Bred  from  the  larva  of  the  common  Borkhausenia  scholaea.  Food  of 
host :  Decayed  wood. 

Record  of  a  Fish  new  to  New  Zealand,  by  Gilbert  Archey. 

Tetragonurus  cuvieri  Risso,  1810. 

1810.  Tetragonurus  cuvieri  Risso,  IcJith.  Nice ,  p.  347. 

1895.  Tetragonurus  cuvieri  Risso,  Goode  and  Bean,  Oceanic  Ichthyology,  p.  230, 
pi.  cxxiii,  fig.  417. 

1902.  Tetragonurus  cuvieri  Risso,  Waite,  Pec.  Austr.  Mus.,  vol.  4,  p.  267. 

In  October,  1918,  Mr.  R.  Strahl  sent  to  the  Canterbury  Museum  a  fish 
which  he  had  caught  a  few  miles  off  shore  from  Kaikoura.  The  fish  was 
sent  to  Mr.  Edgar  R.  Waite,  who  identified  it  as  a  specimen  of  the  square- 
tail,  Tetragonurus  cuvieri  Risso,  the  first  recorded  from  New  Zealand. 

A  note  of  its  discovery  was  published  in  the  local  Press  in  February 
of  last  year,  but  so  far  no  record  has  been  made  in  a  scientific  publication. 


Tetragonurus  cuvieri  Risso.  After  Goode  and  Bean  ( Oceanic  Ichthyology,  pi.  cxxiii, 

fig.  417).  Reduced. 


The  squaretail  was  first  described  from  a  specimen  taken  near  Nice. 
It  has  since  been  recorded  from  other  parts  of  the  Mediterranean  ;  from 
Madeira  ;  Wood’s  Hole,  Massachusetts  ;  and  the  South  Pacific  (Lord  Howe 
Island  and  the  coasts  of  New  South  Wales).  It  is  described  as  a  deep¬ 
water  fish  which  approaches  the  shore  only  at  spawning-time.  Its  flesh 
is  violently  poisonous. 

As  the  Canterbury  Museum  specimen  was  in  a  rather  bad  condition 
when  received,  the  species  is  illustrated  here  by  a  photograph  of  the  figure 
in  Oceanic  Ichthyology . 

The  references  given  above  are  not  the  complete  synonymy,  but  indicate 
where  complete  descriptions  of  the  fish  and  the  full  synonymy  may  be  found. 
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DEPARTMENTAL  REPORT. 

Geological  Features  disclosed  by  Excavations  at  the 
Proposed  Dam  Site  at  Arapuni,  Waikato  River. 

By  J.  Henderson,  New  Zealand  Geological  Survey. 

The  Arapuni  Gorge  and  the  nature  of  the  rocks  through  which  it  is  cut 
have  already  been  described  by  Sealy*  and  by  the  present  writer,*)*  and  only 
a  few  details,  obtained  in  the  course  of  a  recent  visit,  can  here  be  added 
to  those  accounts.  Briefly,  the  gorge  is  cut  through  deposits  of  pumiceous 
tuff  and  breccia,  chiefly  of  subaqueous  origin.  At  the  dam-site  these  rocks 
were  laid  down  as  three  deposits,  here  termed  respectively  the  A,  B,  and  C 
tuffs,  and  separated  by  two  irregular  surfaces  of  erosion. 

The  A  beds,  which  form  the  upper  30  ft.  or  35  ft.  of  the  cliff  on  the 
eastern  side  of  the  river  at  the  dam-site,  consist  of  massive  light-coloured 
tuff  somewhat  weathered  but  well  consolidated.  Their  base,  a  rather 
soft  6  ft.  layer  of  sand  and  silt  bands,  rests  on  an  irregular  surface  of  the 
underlying  beds.  These  silts,  which  are  cut  through  by  A  shaft  and  No.  8 
adit,J  are  exposed  at  the  cliff-face  at  the  mouth  of  the  adit.  The  under¬ 
lying  surface  may  be  traced  southward,  in  which  direction  it  forms  a  wide 
uneven  shelf,  prominent  along  the  cliffs  on  both  sides  of  the  river. 

On  the  eastern  side  of  the  gorge  the  B  beds  form  the  lower  40  ft.  of  a 
cliff  of  which  the  base  is  concealed  by  a  talus  slope  reaching  almost  to  the 
water’s  edge.  This  part  of  the  B  beds,  which  has  been  explored  by  the 
adits  9  and  1  and  by  the  rises  A  and  P,  consists  of  strong  light-coloured  tuff 
and  breccia.  The  lower  part  of  the  B  beds,  concealed  by  the  talus,  has 
been  explored  by  adits  2  and  3,  and  consists  of  dark  friable  tuff  and  soft 
sandstone.  The  overlying  light-coloured  tuff  exposed  at  the  top  of  rise  D 
grades  downward  into  the  dark  friable  tuff.  Eastward  along  No.  2  adit 
the  friable  tuff  passes  into  soft  pumiceous  sandstone,  and  a  like  gradation 
must  occur  between  adits  2  and  3.  At  the  base  of  the  soft  sandstone  are 
bands  of  soft  silt  and  pumiceous  grit  stained  by  iron  oxides  and  resting  on 
an  irregular  surface  of  the  underlying  C  beds.  Exploratory  excavations 
from  adits  2  and  3  show  that  the  soft  beds  decrease  in  thickness  as  followed 
eastward  along  the  proposed  course  of  the  dam,  and  that  the  surface  of  the 
underlying  beds  rises  in  the  same  direction.  Thus  at  shaft  U,  220  ft.  from 
the  face  of  the  cliff,  the  soft  sandstone  (no  dark  friable  tuff  is  present)  is 
about  15  ft.  thick,  whereas  at  the  cliff-face  the  soft  beds  are  about  50  ft. 
thick,  with  their  base  70  ft.  lower,  near  normal  water-level.  On  the  western 
side  of  the  river  the  same  erosion  surface,  65  ft.  above  river-level,  is  over- 
lain  by  beds  of  well-consolidated  pumiceous  grit  and  sandstone  about  20  ft. 
thick,  passing  upward  into  strong  light-coloured  tuff  and  breccia.  This 
basal  layer  is  exposed  in  No.  6  adit  and  in  the  rise  from  its  end. 

The  thickness  of  the  C  beds,  as  shown  in  adits  3,  4,  and  5,  in  rises  and 
winzes  therefrom,  and  in  the  level  under  the  river,  is  at  least  130  ft.  As  far 
as  explored  these  beds  consist  of  strong,  well-consolidated  breccia,  darker 


*  C.  B.  Sealy,  Some  Notes  on  the  Engineering  Survey  of  the  Proposed  Arapuni 
Dam  Site,  N.Z.  Jour.  Sci.  &  Tech.,  vol.  3,  pp.  72-79,  1920. 

t  J.  Henderson,  Notes  on  the  Geology  of  the  Waikato  Valley  near  Maungatautari, 
N.Z.  Journ.  Sci.  <0  Tech.,  vol.  1,  pp.  56-60,  1918. 

J  A  plan  and  section  showing  the  position  of  these  excavations  and  others  mentioned 
below  accompanies  the  paper  by  C.  B.  Sealy. 
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in  colour  than  the  bulk  of  the  overlying  tuffs,  though  not  so  dark  as  the 
friable  tuff  near  the  base  of  the  B  beds. 

The  following  analyses  made  in  the  Dominion  Laboratory  show  the 


material  to  be  very  similar 

to  the 

“  wilsonite  ” 

tuff  of  Waihi. 

(1) 

(2) 

(3) 

(D 

(5) 

(6) 

(D 

Silica  (SiOo) 

67-83 

67-82 

69-80 

48-83 

70*06 

60-45 

72-30 

Titanium  dioxide  (TiO<>) 

0'43 

0-37 

n.d. 

0-28 

0-31 

0-38 

0-12 

Alumina  (A1203)  .  . 

14-68 

17-21 

14-37 

21-06 

14-66 

13-85 

12-50 

Iron  oxide  (Fe203) 

4-79 

0-52 

4-74 

1-30 

1-53 

3-69 

2-59 

Manganese  oxide  (MnO) 

0-06 

0-05 

n.d 

n.d. 

n.d. 

n.d. 

0-03 

Lime  (CaO) 

2-81 

1-83 

2-05 

1-29 

1-42 

1-82 

1-35 

Magnesia  (MgO) 

0-69 

0-55 

0-4D 

0-30 

0-20 

0-13 

o-io 

Soda  (Na20) 

3-46 

3-02 

2-39 

0-62 

3-30 

3-44 

3-25 

Potash  (K20) 

2-90 

3-28 

3-76 

1-13 

3-78 

3-48 

3-58 

Phosphorus  pentoxide  (P205) 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

0-31 

Combined  water  and  organic 

matter.  . 

Water  lost  at  100°  C. 

1-87 

0-66 

3-25 

1-88 

j  4-60 

f  10-37 
|  15-21 

3-37 

1-21 

3-05 

1-38 

3-54 

0-46 

100T8 

99-78 

100-11 

100-39 

99-84 

100-67 

100-13 

(1.)  Typical  specimen  of  tuff  from  C  beds,  western  bank  of  river. 

(2.)  Typical  specimen  of  tuff  from  C  beds,  bottom  of  gorge. 

(3.)  Typical  specimen  of  tuff  from  the  upper  portion  of  B  beds,  eastern  side  of  gorge. 

Collected  bj^  the  writer  in  1918.  The  iron  oxide  of  the  analysis  includes 
1-26  per  cent,  of  ferrous  oxide. 

(4.)  Much- weathered  tuff  near  top  of  cliff,  eastern  side.  A  sample  of  tuff  from  the  • 
A  beds  decomposed  to  material  having  the  composition  of  a  clay. 

(5.)  Soft  pumiceous  sandstone  near  base  of  B  beds,  eastern  side  of  river. 

(6.)  Friable  very-dark-coloured  tuff  overlying  No.  4,  eastern  side  of  river. 

(7.)  “  Wilsonite  ”  tuff  near  Waikino,  Waihi  (N.Z.  Geol.  Surv.  Bull.  No.  16,  p.  73,  1913). 
The  iron  oxide  of  the  analysis  includes  047  per  cent,  of  ferrous  oxide. 

Samples  1,  2,  4,  5,  and  6  were  collected  by  the  Public  Works  Engineer. 

The  cliffs  of  the  gorge  at  the  dam-site  are  formed  of  great  vertical 
columns  of  rock,  in  cross-section  roughly  five-  or  six-sided,  and  separated 
from  one  another  by  joint-planes.  In  the  excavations  these  joints  appear 
usually  as  mere  cracks,  but  a  few  are  up  to  J  in.  across.  Some  of  the  larger 
are  filled  with  a  dark  buttery  material.  The  great  majority  of  the  cracks 
strike  within  10°  of  the  bearings  67°,  147°,  and  177°  (true),  suggesting  that 
they  are  the  planes  of  a  columnar  joint-system  and  not  connected  with 
fault  movements.  Decisive  evidence  on  this  point  was  observed  in  several 
of  the  excavations,  in  that  the  cracks  sever  pieces  of  pumice  without 
displacement  save  that  produced  by  the  slight  opening  along  the  joint- 
plane.  A  curious  feature  is  that  on  the  western  side  of  the  river  the  walls 
of  the  joints  are  closely  pressed  together,  whereas  on  the  eastern  side  many 
of  the  joints  form  readily-observable  open  cracks. 

A  drive  projected  from  the  bottom  of  a  shaft  sunk  on  the  western  side- 
of  the  river  passes  under  the  stream  to  the  eastern  side.  There  it  penetrated 
a  crack  with  a  flow  of  water  greater  than  could  be  kept  down  by  bailing  or 
by  a  water-jet,  the  only  means  at  the  disposal  of  the  engineer.  A  drive  from 
a  shaft  on  the  eastern  side  of  the  river  approaches  within  2J  ft.  of  the  end 
of  the  drive  from  the  west.  The  writer  examined  this  drive.  The  tuffs  are 
relatively  porous  rocks,  and,  except  in  wet  weather,  surface  water  does  not 
flow  in  the  beds  of  the  smaller  streams.  But  the  pores  in  the  rock  must  be 
very  small  and  percolation  very  slow,  since  the  tuff  partition  separating  the 
end  of  the  drives,  and  but  2J  ft.  thick,  resists  water  under  a  head  of  60  ft. 
without  perceptible  seepage. 

The  Government  Analyst  ground  portions  of  the  analysed  samples 
Nos.  1,  2,  and  6  to  pass  a  60-mesh  sieve.  Twenty  grams  of  the  part  rejected 
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by  a  100-mesh  sieve  were  left  in  platinum  vessels  in  contact  with  distilled 
water  approximately  at  a  temperature  of  15°  C.  for  six  weeks.  The  solids 
dissolved  during  this  period,  expressed  as  percentages  of  the  weight  of  the 


rock  taken,  were,— 

Silica  (Si02) 

Alumina  (A1203) 

Iron  oxide  (Fe203) 
Lime  (CaO)  . . 
Magnesia  (MgO) 
Alkalis  (by  difference) 


(1) 

(2) 

(6) 

0-150 

0-120 

0-320 

0-014 

0-018 

0-018 

0-036 

o-oio 

0-160 

0-014 

0-008 

0-018 

0-008 

0-006 

0-008 

0*028 

0-014 

0-246 

Total  solids  dissolved  (per  cent.)  ..  0*250  0T76  0770 


The  Analyst  remarks  that  “  the  total  amounts  dissolved  were  very  small, 
and  the  analyses  of  these  must  be  taken  as  approximate  only.  They  serve 
to  show,  however,  that  silica  is  the  chief  constituent  dissolved,  and  that  the 
ratio  of  dissolved  iron  to  silica  is  higher  than  in  the  original  rock. 

“  A  further  experiment  indicated  that  the  action  of  the  river- water, 
which  at  this  point  contains  only  7  grains  of  dissolved  solids  per  gallon, 
would  be  similar  to  that  of  distilled  water. 

“  Analyses  were  also  made  of  a  small  deposit  filling  a  vertical  crack 
in  a  drive  under  the  river-channel,  and  of  a  hard  incrustation  of  the  rock-face 
between  flood-level  and  normal  river-level.”  The  results  were, — 


(1) 

(2) 

(3) 

(4) 

Silica  (SiO  2) 

.  .  41-76 

42-93 

59-20 

72-50 

Titanium  dioxide  (Ti02) 

0-22 

0-20 

0-04 

Alumina  (A1203) 

5-71 

319 

14-78 

9”12 

Iron  oxide  (Fe203)  . . 

.  .  24-20 

28-91 

9-12 

3-84 

Lime (CaO) 

1-51 

3-35 

2-20 

1-20 

Magnesia  (MgO) 

2'08 

2-84 

1-40 

0-39 

Soda  (Na20) 

0-83 

e  9 

3-56 

2-34 

Potash  (K20) 

0'67 

c  9 

2-32 

1-76 

Combined  water  and  organic  matter 
Water  lost  at  100°  C. 

7-08 
..  15-28 

18-32 

7-10 

8-60 

99-34 

99-54 

*  99-88 

99-70 

(1.)  Dark  buttery  material  in  joint-crack. 

This  is  a  hydrated  silicate  of 

iron  and  alumina 

resembling  chloropal,  a  mineral  of  variable  composition.  One  variety  of  chloropal 
of  greenish  colour,  called  “  pinguite,”  is  extremely  soft,  like  new-made  soap. 
Another  variety  has  a  dark  liver-brown  colour  similar  to  the  material  here 
analysed. 

(2.)  Chloropal  from  Mugrau. * 

(3.)  Dark  incrustation  between  normal  and  flood  levels.  It  is  impossible  to  obtain  the 
thin  incrustation  free  from  adhering  tuff.  The  Analyst  remarks  that  the  coating 
has  the  same  general  composition  as  the  solids  dissolved  from  the  tuff  by  water, 
and  was  probably  formed  by  deposition  from  water  drying  out  of  tuff  on  an 
exposed  surface. 

(4.)  Light-coloured  incrustation  on  tuff  between  normal  and  flood  levels.  This  was 
probably  formed  in  a  manner  similar  to  No.  3. 


When  the  dam  is  built  the  river  will  be  turned  into  an  old  channel  formed 
when  the  stream  flowed  at  a  higher  level.  The  northern  end  of  this  channel 
is  cut  for  many  chains  in  a  somewhat  weathered,  fine-grained  rock,  harder 
and  more  compact  than  any  of  the  pumiceous  tuffs  and  breccias  at  the  dam- 
site.  This  rock  will  prevent  the  river  cutting  back  along  the  overflow  channel 
to  the  spillway.  In  the  field  it  was  thought  to  be  a  flow  rock,  but  under  the 
microscope  was  seen  to  be  a  compact  tuff. 


*  J.  D.  Dana,  System  of  Mineralogy,  p.  701,  1904. 
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UNIVERSITY  AND  SCIENTIFIC  NEWS. 

University  of  New  Zealand. 

Certificate  in  Anthropology  established. 

The  Senate  of  the  University  of  New  Zealand  at  its  meeting  this  year 
adopted  the  following  course  for  a  Certificate  in  Anthropology  : — 

1.  Any  person,  whether  an  undergraduate  or  not,  may  be  admitted  to  an  examina¬ 
tion  in  anthropology  as  defined  below,  on  satisfying  the  teachers  of  the  subject  that  he 
has  a  fair  general  education. 

2.  The  course  of  study  shall  occupy  one  or  two  years,  at  the  discretion  of  the 
teachers. 

3.  The  subjects  of  examination  shall  be — 

I.  Physical  Anthropology  (two  papers) — 

Zoological :  Elementary  human  anatomy,  with  special  reference  to 
osteology  ;  the  physical  characters  which  determine  the  zoological 
position  of  man,  or  with  special  reference  to  a  general  knowledge 
of  the  Primates  ;  the  elements  of  anthropometry. 

Palaeontological :  Skeletal  characters  of  palaeolithic  types  of  man. 

Ethnological :  A  general  knowledge  of  the  physical  characters  which 
distinguish  the  principal  races  of  man. 

II.  Cultural  Anthropology — 

(a.)  Palaeontological:  The  environment  of  earliest  men  and  the 
changes  in  geographical  conditions  during  the  period  of  human 
existence  ;  the  types  of  implement  and  of  art  characteristic  of 
each  of  the  races  of  palaeolithic  man. 

Ethnological :  The  history  and  present  distribution  of  the  races  of 
men,  and  their  social  and  material  culture  ;  the  distribution  of 
the  various  arts  ;  the  distribution  of  the  more  important  types 
of  implement  and  weapon  ;  the  principal  varieties  of  repre¬ 
sentative  and  decorative  art,  and  their  geographical  distribution. 
(The  subjects  mentioned  in  section  (h)  are  to  be  considered 
whenever  possible  with  special  reference  to  the  Pacific.) 

( b .)  Sociological:  The  comparative  study  of  social  phenomena  with 
special  reference  to  the  earlier  history  of  (1)  social  organization, 
government,  and  law,  (2)  moral  ideas  and  codes,  (3)  mythology, 
magical  and  religious  practices  and  beliefs,  (4)  speech ;  totem- 
ism,  caste,  slavery  ;  customs  and  ceremonial  of  birth,  child¬ 
hood,  adolescence,  marriage,  and  death  ;  animism,  cult  of  the 
dead,  animal  and  vegetable  cults. 

A  practical  examination  is  also  provided  for,  and  candidates  are  required 
to  produce  certificates  of  attendance  at  courses  (theoretical  and  practical) 
at  an  affiliated  college. 

A  special  certificate  “  with  distinction  ”  may  he  granted  to  a  candidate 
who  presents  evidence  of  a  knowledge  of  a  language  of  any  non-European 
race,  “  such  as  would  be  needed  for  the  work  of  interpreter,  school-teacher, 
or  missionary,  or  for  the  publication  of  texts.” 


New  Zealand  Institute  Science  Congress. 

Encouraged  by  the  success  of  its  first  series  of  general  meetings,  or 
“  science  congress,”  which  was  held  in  Christchurch  in  February,  1919, 
and  fully  reported  in  this  Journal  (vol.  2,  pp.  225-352),  the  New  Zealand 
Institute  has  announced  a  similar  series  of  meetings  for  1921  (26th  to  28th 
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January).  On  the  invitation  of  the  Manawatu  Philosophical  Society  these 
meetings  will  be  held  in  Palmerston  North,  the  home  of  that  society. 
A  programme  of  public  lectures,  as  well  as  of  papers  of  a  more  technical 
character  which  will  be  read  and  discussed  at  the  meetings  of  the  sections 
devoted  to  the  various  sciences,  is  being  arranged.  There  will  be  excur¬ 
sions  to  points  of  interest  in  the  neighbourhood,  and  an  excursion  to  the 
Tongariro  National  Park  has  also  been  suggested.  There  is  every  prospect 
of  a  good  attendance  of  scientific  enthusiasts,  and  the  arrangements  are  now 
so  well  forward  that  the  New  Zealand  Institute’s  series  of  biennial  general 
meetings  on  the  lines  of  the  meetings  of  the  British  Association  may  now 
be  said  to  have  become  an  established  fact.  The  meetings  are  open  to  all. 

The  secretary  of  the  “  science  congress  ”  is  Mr.  W.  B.  Mummery, 
15  Oxford  Street,  Palmerston  North,  to  whom  any  inquiries  should  be 
addressed. 


Australasian  Association  Meeting  at  Hobart. 

A  meeting  (the  fifteenth)  of  the  Australasian  Association  for  the  Advance¬ 
ment  of  Science  will  be  held  at  the  University,  Hobart,  Tasmania,  com¬ 
mencing  on  Wednesday,  5th  January,  1921.  The  Australasian  Association 
discontinued  its  meetings  during  the  war,  and  this  is  the  first  since  1913 
(the  Melbourne  meeting).  For  Australian  scientific  men  these  meetings 
have  a  great  attraction,  as  they  give  a  unique  opportunity  for  discussion  of 
the  problems  of  the  hour  ;  and  in  spite  of  the  breadth  of  the  Tsaman  Sea 
there  are  always  some  New- Zealanders  who  attend.  Meetings  have  been 
held  in  New  Zealand,  and,  no  doubt,  will  be  held  here  again. 

The  President  of  the  Association  is  Sir  W.  Baldwin  Spencer,  and  the 
Presidents  of  sections  are  as  follows  :  (A)  Astronomy,  Mathematics,  and 
Physics,  Professor  H.  J.  Priestley  ;  -'(B)  Chemistry,  Professor  N.  T.  M. 
Wilsmore  ;  (C)  Geology  and  Mineralogy,  Professor  W.  Noel  Benson  (Univer¬ 
sity  of  Otago)  ;  (D)  Biology,  Professor  A.  J.  Ewart ;  (E)  Geography  and 
History,  Sir  Douglas  Mawson  ;  (F)  Ethnology  and  Anthropology,  His 

Honour  Judge  Murray  ;  (G)  Social  and  Statistical  Science,  Professor  J. 
Hight  (Canterbury  College)  ;  (H)  Engineering  and  Architecture,  Maurice  E. 
Kernot,  Esq.  ;  (I)  Sanitary  Science  and  Hygiene,  Dr.  J.  H.  L.  Cumpston  ; 
(J)  Mental  Science  and  Education,  Professor  A.  Mackie  ;  (K)  Agriculture, 
Professor  A.  J.  Perkins  ;  (L)  Veterinary  Science,  Professor  H.  A.  Woodruff. 

In  addition  to  the  meetings  of  the  sections,  arrangements  are  in  progress 
for  evening  lectures  and  entertainments,  and  for  excursions  to  places  of 
interest. 

A  circular  has  been  issued  inviting  those  who  purpose  attending  the 
meeting  to  send  their  names  and  subscriptions  (£1)  to  the  Local  Secretary. 
(Professor  C.  Coleridge  Farr,  Christchurch,  is  Local  Secretary  for  New  Zea¬ 
land.)  The  ticket  of  membership  entitles  the  holder  to  attend  all  meetings 
and  entertainments,  and  to  purchase  tickets  for  the  excursions.  Each 
member  will  also  receive  a  copy  of  the  association’s  report  (a  volume  of 
several  hundred  pages,  with  many  illustrations). 

Members  who  have  paid  subscriptions  are  entitled  to  purchase  ladies’ 
(associates’)  tickets  at  10s.  each.  Associates’  tickets  admit  the  holders  to 
all  the  privileges  of  members,  except  the  right  to  receive  the  report. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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SCIENTIFIC  PUBLICATIONS— continued. 

HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts'  1-6.  By  John  Buchanan.  Full- 
page  illustrations..  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s.' 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS  OF  NEW  ZEALAND.  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  10s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II*  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  .North-eastern 
Part  of  the  South.  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5:  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6:  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN.  No.  7  :  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish-remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1901. 
Illustrated.  By  Alexander  McKay,  F.G.S.  Paper  covers,  Is. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  I  Os. 

TOWN-PLANNING  :  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  5s. 

WAIPOUA  KAURI  FOREST:  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I. F.S.  2s.  6d. 

Orders  should  be  addressed  to — 

GOVERNMENT  PRINTER,  ■ 

Hi  WELLINGTON. 

BOARD  OF  SCIENCE  AND  ART  BULLETIN  No.  I:  New  Zealand  Brown  Coals. 
By  H.  Rands,  M.A.,  B.Sc.,  and  W.  O.  R.  Gilling,  M.A.,  B.Sc.  2s. 

BOARD  OF  SCIENCE  AND  ART  MANUAL  No.  1  :  New  Zealand  Plants  and  their 
Story.  By  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S.  2nd  edition,  rewritten  and  enlarged. 
99  photographs,  14  text-figures.  Full  cloth,  7s.  6d.’;  paper  covers,  5s. 

Orders  should  be  addressed  to— 

THE  DIRECTOR,  DOMINION  MUSEUM, 

Or  any  Bookseller. 
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FOR  HOW  LONG  WILL  WELLINGTON  ESCAPE 
DESTRUCTION  BY  EARTHQUAKE  ? 

By  0.  A.  Cotton. 

As  is  well  known,  the  very  severe  earthquake  which  occurred  at  Wellington 
in  1855  was  of  an  unusual  kind,  in  that  the  disturbed  area^  was  situated 
actually  upon  an  earth-block  that  suffered  sudden  uplift,  the  extent  of  the 
uplift  being  estimated  by  eye-witnesses  at  5  ft.  at  Wellington,  increasing  to 
'9  ft.  on  the  western  shore  of  Palliser  Bay. 

a/ 

While  Wellington  cannot  escape  being  occasionally  shaken,  along  with 
the  adjacent  parts  of  the  North  and  South  Islands,  by  earthquakes  origin¬ 
ating  at  one  or  other  of  the  disturbed  areas  beneath  the  neighbouring 
seas,  the  positions  of  which  have  been  determined  by  the  late  Mr.  G. 
Hog  ben,  or  in  the  Amuri  district,  where  the  late  Mr.  Alexander  McKay 
determined  the  origin  of  the  Cheviot  earthquake  of  1901,  the  danger  of  a 
great  disaster  lies  chiefly  in  a  repetition  of  the  uplift  of  1855. 

Such  a  movement  of  the  land  has  rarely  been  observed,  but  it  is  not 
difficult  to  imagine  the  effects  of  the  resulting  earth-tremors  on  high  build¬ 
ings  situated  upon  the  block  that  is  actually  jerked  upward.  Warnings 
as  to  the  instability  of  the  site  of  Wellington  have  been  issued  from 
time  to  time  by  those  who  would  have  us  profit  from  the  experience 
of  mankind  that  where  destructive  earthquakes  have  occurred  before,  there 
they  will  occur  again  ;  but  these  have  fallen  on  deaf  ears,  or,  just  as  in 
San  Francisco,  a  city  that  has  been  more  than  once  destroyed,  they  are 
regarded  as  the  croakings  of  confirmed  pessimists.  Few  attempts  have 
been  made  in  Wellington  to  build  so  as  to  minimize  earthquake  risk,  and 
it  is  very  doubtful  whether  any  type  of  relatively  earthquake-proof  building 
would  resist  such  a  shock,  or  series  of  shocks,  as  occurred  in  1855. 

This  being  the  case,  it  is  worth  while  to  inquire  whether  such  an  event 
as  that  of  1855  is  likely  to  occur  again  ;  and  such  an  inquiry  attains  still 
greater  significance  when  one  considers  that  each  such  rise  renders  the 
entrance  to  Port  Nicholson  shallower,  and  that  a  continuance  of  such 
shallowing  would  soon  render  the  harbour  entirely  useless. 

The  only  method  of  inquiry  open  to  us  is  to  examine  what  has  happened 
in  the  past.  An  uplift  of  the  land  leaves  very  distinct  traces  of  its  occur¬ 
rence.  There  lies  revealed  a  strip  of  the  former  sea-bottom,  the  rocky 
platform  cut  by  the  waves  a  little  below  former  high-water  level,  but  now 
never  completely  covered  ;  a  beach -ridge,  or  storm  beach,  no  longer  within 
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reach  of  storm  waves,  so  that  it  gradually  becomes  covered  with  vegeta¬ 
tion  ;  and  wave-cut  cliffs  and  sea  caves  also  beyond  the  reach  of  the  waves. 
Such  evidence  of  uplift  may  be  seen  at  many  places  along  the  shore  in  the 
neighbourhood  of  Wellington,  and  best  of  all  along  the  strip  of  beach 
extending  southward  from  Breaker  Bay,  Seatoun,  where  they  have  not  yet 
been  destroyed  by  the  vandal  roadmaker  (fig.  1).  The  uplift  of  these 
beaches,  rocky  platforms,  caves,  and  cliffs  took  place  in  1855,  however, 
and  there  is  a  noticeable  absence  of  similar  evidence  pl.a  series  of  earlier 
movements  of  the  same  kind.  On  the  contrary,  the  height  of  the  cliffs 
and  the  width  of  the  rocky  platform  at  their  base  {e.g.,  at  the  eastern  side 
of  Lyall  Bay)  indicate  that  for  a  long  period  prior  to  1855  the  relative  levels 
of  sea  and  land  remained  constant.* 

This  is  a  hopeful  sign,  for  from  it  we  may  infer  either  that  the  move¬ 
ment  which  took  place  in  1855  was  an  isolated  phenomenon,  or  else  that 
it  inaugurated  a  new  era  of  rapid,  spasmodic  uplift.  We  may  hope  that 
the  former  inference  is  the  true  one. 


Fig.  1. — A  raised  beach  at  Breaker  Bay,  Seatoun,  Wellington. 


On  other  parts  of  the  shore-line  in  the  immediate  vicinity  of  Wellington 
there  is  no  evidence  to  indicate  that  the  land  has  not  been  stable  for  a 
very  long  period  as  compared  with  the  lives  of  men.  It  is  only  when 
looked  at  from  the  point  of  view  of  geological  history,  which  accustoms 
one  to  think  in  millions  of  years,  that  the  district  can  be  described  as 
showing  evidence  of  great  disturbance  in  comparatively  recent  times. 


*  On  the  authority  of  a  Maori  tradition  the  writer  assumed  in  1912  {Trans.  N.Z. 
Inst.,  vol.  44,  p.  253)  that  an  uplift  of  sufficient  magnitude  to  close  a  tidal  channel 
through  the  sand  isthmus  connecting  Miramar  Peninsula  to  the  mainland  on  the  western 
side  of  Port  Nicholson  (between  the  heads  of  Lyall  and  Evans  Bays)  had  taken  place 
about  four  hundred  years  ago,  but  this  assumption,  as  the  writer  realized  at  the  time, 
is  opposed  to  the  general  evidence  of  the  shore-line  features.  The  statement  then  made 
that  “  it  seems  probable  that  without  a  slight  movement  of  elevation  a  shallow  channel 
would  always  have  been  kept  open  through  the  bar  by  the  tide”  was  the  result  of  too 
hasty  a  generalization  When  there  is  an  alternative  outlet  to  the  sea  a  continuous  bar 
may  well  be  built  up  by  littoral  drift  alone,  so  as  to  close  a  channel  completely,  and 
there  are  very  numerous  examples  of  such  bars.  The  Maori  tradition  cited  may,  of 
course,  refer  to  an  earthquake,  but  it  is  improbable  that  the  final  closing  of  the  channel 
was  directly  connected  with  this  event,  and  the  occurrence  of  a  movement  of  uplift  at 
that  time  is  not  proved  by  it. 
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Interesting  evidence  of  stability  for  probably  thousands  of  years  prior 
to  1855  is  found  just  east  of  the  harbour-entrance.  Here  Gollan’s  Valley 
and  the  valley  of  a  small  and  nameless  stream  debouching  close  to  Pen- 
carrow  Head  are  modified  •“  drowned  valleys.”  As  a  result,  evidently,  of 
the  same  partial  submergence  of  a  considerable  area  of  land  that  formed 
the  harbour  of  Port  Nicholson,  the  sea  entered  these  small  valleys,  so  that 
both  were  occupied  by  winding  lanes  of  sea-water,  that  in  Gollan’s  Valley 
being  about  three  miles  long  and  the  other  rather  more  than  a  mile  long. 
These  bays  are  now  cut  off  from  the  sea,  and  converted  into  fresh-water 
lakes,  by  gravel-bars  20  ft.  in  height  above  sea-level  and  accordant  with 
the  pre-1855  storm-beach  ridge,  which  is  well  developed  along  the  neigh¬ 
bouring  shore-line  in  Fitzroy  Bay.  At  the  western  end  of  each  bar  the 
outflowing  water  has  opened  a  channel  through  the  gravel  (fig.  2). 

The  enclosed  bays  are  much  reduced  in  size  by  the  growth  of  swampy 
deltas  at  their  heads,  and  the  length  of  the  two  lakes  which  now  occupy 


Fig.  2. — Lake  Koangatera,  at  the  drowned  mouth  of  Gollan’s  Valley,  showing  strongly- 
cut  sea-cliffs  along  the  sides  and  bordering  the  bay-head  delta  in  the  foreground. 


their  lower  parts  "(Koangatera  in  Gollan’s  Valley  and  Koangapiripiri  in  the 
other)  is  thus  reduced  now  to  about  half  a  mile  in  each  case.  The  upper 
part  of  Gollan’s  Valley  is  also  thickly  aggraded  with  alluvium.  Near  the 
mouths  the  sides  of  both  valleys  are  cliffed,  and  out-jutting  points  are 
strongly  truncated  (fig.  2).  The  cliffs  reach  a  height  of  100  ft.  on  the  shores 
of  Koangatera  and  50  ft.  around  Koangapiripiri,  and  they  are  evidently 
the  work  of  waves  at  a  time  when  the  bays  were  still  deep  and  open  to  the 
ocean.  For  a  mile  up  the  somewhat  winding  Gollan’s  Valley  the  swampy 
delta  is  bordered,'  however,  by  low  wave-cut  cliffs.  These  must  be  the 
work  of  waves  raised  on  the  narrow,  land-locked  waters,  and  their  presence 
indicates  a  long  period  of  still-stand  prior  to  1855,  for  the  relative  levels  of 
sea  and  land  were  constant  long  enough  not  only  for  the  development  of 
distinct  cliffs  (though  on  mature  hillsides  of  weathered  rocks,  it  is  true)  by 
waves  with  a  fetch  of  no  more  than  a  few  hundred  yards,  but  also  for  the 
delta-front  to  advance  for  quite  a  mile  past  the  farthest  inland  point  where 
cliffs  are  traceable.  This  indicates,  without  any  doubt,  that  the  land  stood 
still  for  thousands  of  years. 
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RELATIVITY.* 

By  Professor  C.  Coleridge  Farr,  D.Sc.,  F.P.S.L.,  F. N.Z. Inst.,  Canterbury 

College. 

Though  sprung  upon  the  world  with  such  dramatic  suddenness,  relativity 
has  in  reality  been  a  very  gradual  growth  in  the  minds  of  men,  and  the 
world  has  been  slowly  but  surely  tending  towards  either  this  or  some  other 
satisfactory  solution  of  its  difficulties  for  very  many  years.  The  pheno¬ 
menal  advances  which  have  been  made  in  scientific  thought  and  method 
during  the  closing  years  of  last  century  and  the  opening  ones  of  this  one 
have  brought  these  difficulties  into  greater  prominence,  and  have  emphasized 
them  in  such  a  way  that  had  not  Einstein  arisen  some  other  genius  must 
inevitably — though  perhaps  much  more  slowly — have  guided  the  thoughts 
of  men  into  the  paths  which  he  has  trodden  ;  for  Einstein’s  work,  most 
brilliant  as  it  certainly  is,  is  but  the  fitting  and  inevitable  outcome  of  a 
long  series  of  investigations  and  speculations  which  commenced  about  three 
hundred  years  ago,  at  the  time  of  Descartes,  in  whose  writings  may  be  seen 
the  first  glimmerings  of  the  ideas  that  subsequently  developed  into  the 
conceptions  which  we  now  have  of  the  interstellar  medium  known  as  the 
luminiferous  ether. 

Of  this  medium,  its  history,  and  the  evidence  for  its  existence,  it  will 
be  necessary  for  me  to  speak  at  some  length,  so  that  you  may  realize  on 
what  grounds  we  have  asserted  so  boldly  that  there  is  an  ether,  and  what 
modifications  in  those  conceptions  have  been  brought  about  by  these  recent 
relativity  developments — -what,  in  short,  is  the  present  position  of  thought 
upon  the  subject. 

Until  the  seventeenth  century  the  only  influence  which  was  known  to 
pass  from  star  to  star  was  light,  an  influence  whose  laws  and  general 
phenomena  were  at  that  time — and,  indeed,  until  much  later — practically 
unknown.  Towards  the  end  of  that  century  Newton  added  the  influence 
of  gravitation  to  that  of  light,  and  experiments  made  mainly  during  the  last 
hundred  years  have  made  the  further  additions  of  electric  and  magnetic 
attractions. 

It  was  to  explain  the  first  of  these  phenomena — viz.,  the  phenomenon 
of  light — that  the  necessity  for  an  interstellar  medium  first  impressed  itself 
upon  the  minds  of  thoughtful  men.  It  was  found  necessary  to  imagine 
space  to  be  filled  with  this  medium,  which  acts  as  the  conveyer  of  light 
from  place  to  place  and  from  star  to  star.  The  ether  is,  indeed,  the  solitary 
tenant  of  the  universe,  save  for  that  infinitesimal  fraction  of  space  which 
is  occupied  by  what  we  call  ordinary  matter — and  this  is  possibly  only  some 
peculiar  manifestation  of  the  same  all-filling  plenum. 

Having  thus  in  a  preliminary  kind  of  way,  and  perhaps  tentatively, 
decided  that  light  was  transmitted  from  star  to  star  by  this  (at  that  time) 
more  or  less  hypothetical  medium,  men  slowly  began  to  turn  their  attention 
to  a  consideration  of  the  laws  and  phenomena  of  light,  and  to  build  up 
from  them  a  picture  of  what  the  nature  and  properties  of  this  medium  must 
be.  At  the  time  of  which  I  am  thinking — Descartes’  time — The  law  that 


*  An  address  delivered  to  the  Canterbury  Philosophical  Institute  on  the  7th  August, 
1920. 
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when  light  is  reflected  from  a  polished  surface  it  makes  equal  angles  with 
the  surface  before  and  after  reflection  was  well  enough  known  ;  but  though 
it  was,  of  course,  known  that  light  would  pass  through  transparent  sub¬ 
stances  such  as  water  or  glass,  yet  the  law  obeyed  was  not  known  until 
Descartes  discovered  it.  It  is  to  him  that  we  owe  the  now  thoroughly  well 
known  relation  Sin  (f>  =  ^  sin  c j>' .  The  discovery  of  this  relation  immedi¬ 
ately  gave  rise  to  a  discussion — in  which  a  little  later  on  Newton  was  a 
commanding  figure — a  discussion  as  to  the  meaning  of  the  bending  of  light, 
which  this  relation  means.  The  rather  small  scientific  world  of  that  day 
became  divided  into  two  opposing  camps.  Both  parties  admitted  the 
necessity  of  a  medium,  but  one  side,  led  rather  by  Newton,  contended  that 
light  was  a  form  of  corpuscular  movement,  and  that  the  bending  was  due 
to  the  corpuscles  travelling  more  rapidly  through  the  glass  or  other  dense 
medium  than  they  did  through  free  space ;  while  the  other  school  held  that 
light  was  a  form  of  wave-motion,  and  that  the  bending  was  due  to  the  slower 
velocity  of  the  waves  in  such  a  dense  body  as,  say,  glass  as  compared  with 
their  velocity  through  free  space.  Owing  largely  to  the  great  weight  of 
Newton’s  authority,  this  controversy  was  carried  on  long  after  his  death. 
The  objections  which  he  put  forward  were  perfectly  valid,  in  that  those 
holding  the  wave  theory  in  his  day  regarded  their  waves  of  light  as  akin  to 
the  waves  of  sound,  and  it  was  not  until  a  century  later  that  Thomas  Young 
and  Fresnel  advanced  the  theory  which  ever  since  their  day  has  met  with 
universal  acceptance,  and  which  regards  light  as  more  or  less  like  the  waves 
of  the  sea — transverse  waves — and  not,  as  are  the  waves  of  sound,  longi¬ 
tudinal  waves  of  compression  and  rarefaction. 

Thus  were  the  foundation-stones  of  our  belief  in  the  existence  of  an 
ether  laid  some  three  hundred  years  ago.  Crude  and  very  often  erroneous 
as  these  early  ideas  were,  they  have  formed  the  basis  of  discussion  and 
have  acted  as  the  guide  for  further  experiment,  until  in  the  middle  years 
of  the  last  century  our  knowledge  of  its  properties  might  be  considered  as 
fairly  complete.  The  velocity  of  propagation  of  light- waves  through  the  ether 
had  been  measured  by  four  different  and  quite  independent  methods,  and 
the  results  had  been  found  to  agree  surprisingly,  though  its  magnitude  was 
stupendous,  amounting  as  it  does  to  no  less  than  186,000  miles  a  second, 
and  each  of  the  four  separate  and  independent  methods  had  given  it  about 
this  value.  The  length  of  the  waves  for  different-coloured  lights  had  been 
measured,  and  it  was  found  that  for  a  given  colour  the  length  of  the  wave 
was  the  same  under  whatever  varied  circumstances  it  might  be  measured, 
thus  showing  that  what  we  call  “  colour  ”  was  merely  a  question  of  the 
length  of  the  waves  which  our  eyes  or  instruments  were  receiving.  The 
wave  theory  of  light,  which  in  its  essence  involves  the  existence  of  an  ether — 
a  something,  that  is,  for  the  waves  to  exist  in — the  theory  of  Fresnel  and 
Young — had  received  practically  universal  assent  by  the  middle  of  last 
century.  And  well  it  might,  for  by  its  aid  the  colours  of  the  oil  film  on  the 
pavement,  the  beauties  of  the  soap-bubble,  the  varied  and  complicated 
phenomena  of  polarized  light,  had  all  received  complete  and  satisfactory 
explanation.  And,  more  than  this,  phenomena  had  been  predicted — for 
example,  external  and  internal  conical  refraction — which  were  subsequently 
found  to  exist.  If  any  theory  or  explanation  of  a  series  of  diverse  and 
varied  phenomena  could  ever  be  accepted,  surely  the  undulatory  theory  of 
light  could  claim  that  distinction.  And  this  theory  involves  the  existence 
of  an  ether  through  which  light  has  been  shown,  by  four  different  methods, 
to  travel  at  a  speed  of  186,000  miles  a  second. 
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It  is  not  surprising,  therefore,  that  when  it  was  realized  that  the 
phenomena  of  electricity  and  magnetism  involved  the  existence  of  a  medium 
between  the  electrified  or  magnetized  bodies  through  which  the  action  of 
one  electrified  or  magnetized  body  upon  another  could  be  transmitted — it  is 
not  surprising  that  the  already  postulated  ether  of  light  should  be  examined 
to  see  how  far  the  properties  already  assigned  to  it  were  sufficient  also  to 
account  for  electro-magnetic  phenomena — or,  rather,  for  their  tranmission 
from  place  to  place.  It  is  to  James  Clerk  Maxwell,  the  first  Cavendish 
Professor  of  Physics  at  Cambridge  (Sir  E.  Rutherford  is  the  fourth),  that 
we  owe  much  of  what  we  know,  and  to  whom  we  are  indebted  for  many 
most  fertile  suggestions  for  research  and  investigation — researches  which, 
conducted  by  many  persons,  of  the  most  diverse  nationalities,  have  extended 
from  Maxwell’s  time  (1875  or  thereabouts)  until  to-day. 

There  are  two  well-known  systems  of  electrical  units  which  have 
gradually  evolved  as  men’s  minds  became  clearer  upon  electrical  and 
magnetic  questions.  One  of  these  is  based  essentially  on  the  phenomena 
of  electricity  at  rest,  and  is  known  as  the  electrostatic  system.  By  con¬ 
sidering  what  happens  in  the  neighbourhood  of  insulated  electric  charges, 
and  the  laws  of  these  happenings,  a  complete  and  scientific  system  of  units 
has  arisen.  Another  system  has  come  about — equally  fundamental  and 
essential — which  is  derived  from  the  laws  of  electricity  in  motion.  This 
system  is  known  as  the  electro -magnetic  system.  Now,  it  is  to  Maxwell 
that  we  owe  the  prediction  that  a  comparison  of  the  same  quantity  measured 
in  each  of  these  systems  involved  (if  his  ideas  were  right)  the  speed  with 
which  an  electric  impulse  was  propagated  through  the  medium  which 
conveyed  its  effects.  Maxwell  contended  that  this  medium  was  that  which 
also  conveyed  light ;  and,  if  so,  by  measuring  the  same  electrical  quantity 
in  each  system  of  units  an  evaluation  was  possible  of  the  speed  of  light. 
Could  any  confirmation  be  more  satisfactory  ?  For  here  was  the  possi¬ 
bility  of  measuring  the  velocity  of  light  without  using  any  optical  instrument 
whatever  in  the  measurement — that  is  to  say  by  purely  electrical  measure¬ 
ments.  The  measurements  were  made  both  by  Maxwell  and  also  by  his 
successor  at  Cambridge,  Lord  Rayleigh,  and  the  resulting  velocity  of  pro¬ 
pagation  of  the  electrical  impulse  turned  out  to  be  exactly  the  same  as  that 
which  had  been  previously  obtained  for  the  speed  of  propagation  of  waves 
of  light.  The  agreement  is  remarkable,  and  the  confirmation  of  Maxwell’s 
views  was  complete. 

But  arising  from  Maxwell's  work  other  developments  were  not  long  in 
coming.  Maxwell  predicted  that  under  certain  circumstances  it  would  be 
possible  to  excite  electro-magnetic  waves  which  would  differ  from  the  waves 
of  light  only  in  that  they  were  longer.  They  should  be  propagated  with 
the  same,  or  very  nearly  the  same,  velocity — viz.,  186,000  miles  a  second. 
They  would  not  be  seen,  as  are  the  waves  of  light,  for  only  waves  of  a 
wave-length  between  very  definite  limits  affect  the  eye  ;  but  they  should 
be  detectable  by  other  means,  when  such  means  were  discovered.  At 
the  time  that  Maxwell  wrote  (1875)  the  means  were  not  discovered,  but 
they  were  in  1899  by  Hertz.  Investigation  and  research  has,  since  very 
greatly  improved  the  methods  of  exciting  and  detecting  the  aves,  and' 
they  are  now  commercially  used  in  wireless  telegraphy.  Thus  wireless 
telegraphy  and  all  that  it  means  and  implies  is  the  direct  outcome  through 
three  centuries  of  speculation  and  research,  both  of  a  mathematical  and 
experimental  kind,  of  man’s  belief  in  an  ether.  And  every  means  by  which 
the  velocity  of  a  disturbance  through  it  had  been  measured  had  given 
practically  the  same  velocity — viz.,  186,000  miles  a  second. 
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I  have  thus  insisted  at  what  you  may  consider  to  be  some — perhaps 
undue — length  upon  the  ether  and  the  evidence  upon  which  our  belief  in 
its  existence  is  founded,  because  perhaps  otherwise  you  might  leave  with 
the  feeling  that  in  postulating  it  men  built  upon  very  flimsy  foundations, 
and  that  it,  and  hence  all  other  scientific  theories,  were  mostly  vain 
imaginings,  not  backed  up  by  much  behind.  Such  a  feeling  would  be 
entirely  a  wrong  one  and  very  unfortunate,  for  every  scientific  theory — 
and  this  one  throughout  its  long  existence  of  three  hundred  years  is  no 
exception — has  to  run  the  gauntlet  of  discussion  and  experiment  in  a  way 
which  would  surprise,  if  they  knew  it,  the  promulgators  of  some  other 
theories  which  find  considerable  currency  in  human  minds. 

There  is,  however,  just  one  little  cloud,  hardly  at  first  perceptible,  which 
as  time  has  gone  on  has  overspread  the  whole  horizon.  A  cloud,  should  I 
call  it,  or  a  faint  gleam  of  light,  not  at  first  noticed  with  much  attention, 
but  which  impressed  itself  more  and  more  upon  the  attention  as  more  and 
more  became  known  ?  Call  it  cloud  or  sunshine  as  you  will,  your  choice 
will  possibly  be  guided  by  whether  you  feel  you  have  a  brief  in  favour  of 
the  undulatory  ether  theory  as  it  stands  or  whether  you  are  prepared  to 
follow  what  appears  to  be  the  truth  wherever  it  leads.  This  last  is  the 
attitude  of  every  scientific  man,  and  he  therefore  welcomes  difficulties, 
knowing  that  where  a  theory  seems  to  be  at  fault  there  is  there  most 
promise  of  a  fertile  and  illuminating  discovery. 

Quite  early  in  the  development  of  men’s  notions  of  this  all-pervading 
medium  the  question  be^an  to  be  asked,  Does  the  earth  in  its  journey 
through  space  drag  the  ether  with  it,  or  does  the  ether  pass  freely  through 
such  apparently  solid  bodies  as  the  earth,  the  sun,  and  the  stars  ?  Is 
there  any  means  of  answering  such  a  question,  and  what  is  the  meaning 
of  the  answer  which  experiment  gives  ?  Are  we,  that  is  to  say,  to  regard 
the  ether  as  fixed  in  space,  with  the  earth,  the  stars,  and  other  heavenly 
bodies  passing  through  it  without  disturbing  it,  or  do  they  carry  it  with 
them  as  they  move,  or  does  their  influence  die  out  gradually  as  the  distance 
from  them  becomes  greater  ? 

These  questions  were  asked  quite  early,  but  not  much  light  was  thrown 
upon  the  answers  until  Michelson  and  Morley  performed  an  experiment 
in  1881  which  has  since  become  most  famous.  The  experiment  was  sug¬ 
gested  by  Maxwell,  and  was  not  by  any  means  the  first  performed  in  order 
to  answer  the  questions  I  have  asked  ;  but  I  think  it  is  the  only  one  I  need 
just  now  refer  to.  The  question  they  proposed  to  answer  was  akin  to  this 
one  :  •  Imagine  two  identically  equally  strong  swimmers.  Let  them  both 
start  off  from  a  point  in  mid-stream  at  the  same  instant,  the  one  to  swim 
a  certain  distance  against  the  stream  and  back  with  it,  the  other  to  swim 
the  same  distance  across  the  stream  and  back  across  it.  Which  swimmer 
will  arrive  back  first  at  the  starting-point  ?  Simple  calculation  shows 
that  the  one  who  swims  across  will  arrive  back  first,  and  from  a 
knowledge  of  the  speed  at  which  either  swimmer  can  swim  in  still  water, 
and  an  observation  of  the  number  of  seconds  late  which  the  one 
swimming  up-stream  and  back  arrives,  a  knowledge  of  the  speed  of  the 
stream  can  be  obtained.  Such  a  method  might  not  perhaps  be  the  most 
simple  or  ideal  method  of  arriving  at  the  velocity  of  a  stream.  Apart 
from  the  possibilities  of  drowning  either  one  or  other  of  these  almost 
unobtainable  identical  swimmers,  there  is  the  fact  that  one  can  see  a  chip 
floating  down  such  a  stream,  and  by  measuring  its  speed  could  arrive  at 
that  of  the  stream.  But,  substituting  the  motion  of  the  earth  through 
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the  ether  for  that  of  the  rock  from  which  the  swimmers  dive  through  the 
stream  (or,  as  we  are  more  accustomed  to  think  of  it,  for  the  motion  of 
the  stream  past  the  rock),  and  substituting  two  rays  of  light  for  the  two 
identical  swimmers,  the  method  becomes  ideal,  and  should  tell  us  how 
quickly  the  earth  is  moving  through  the  ether,  and  the  direction  of  that 
motion.  For  in  its  annual  voyage  round  the  sun  the  earth  at  the  beginning 
and  end  of  each  six  months  is  moving  relatively  to  something  fixed,  in 
practically  opposite  directions.  If,  therefore,  the  ether  is  fixed,  such  an 
experiment  should  show  us  the  motion  of  the  earth  through  it;  or  if  the 
earth  and  ether  were  together  being  carried  along  as  are  the  stream  and 
rock  upon  the  surface  of  the  earth  in  my  analogy,  still  such  an  experiment 
should  give  us  the  value  of  the  earth’s  motion  relatively  to  the  ether.  It 
was  calculated  that  if  the  earth  moved  through  the  ether  in  its  orbital 
journey  round  the  sun  a  certain  result  would  be  observed,  which  in  figures 
amounts  to  0-4  of  a  fringe-width  ;  but  as  Michelson  and  Morley  carried 
out  the  experiment  a  result  not  more  than  one-fortieth  of  the  expected  result 
was  obtained,  and  as  the  experiment  was  repeated  in  1905  by  Morley  and 
Miller  not  one  two-hundredth  of  what  was  to  be  expected  was  found.  In 
other  words,  the  earth  was,  or  seemed  to  be,  at  rest  with  regard  to  the 
ether.  And  yet  such  could  not  be  so,  for  the  earth  alters  its  motion  from 
day  to  day,  and  at  the  end  of  six  months  is  moving  in  the  opposite  direction 
to  that  which  it  has  at  the  beginning.  A  pretty  obvious  alternative,  that 
the  ether  near  the  earth  moves  with  the  earth,  and  that  the  earth’s  dragging 
influence  grows  less  and  less  as  it  leaves  its  surface  and  goes  out  into  space, 
has  been  considered  by  Stokes,  and  the  difficulties  in  the  way  of  supposing 
that  such  is  the  case  are  so  great  that,  whilst  it  is  still  just  a  possible 
alternative,  it  is  with  every  development  becoming  a  less  and  less  probable 
one. 

Thus  the  effect  of  the  experiment,  repeatedly  tried  all  over  the  world, 
was  to  show  that  if  the  earth  were  moving  through  the  ether  it  could  not 
be  discovered  by  this  method.  But  if  it  could  not  be  discovered,  why 
could  it  not  ?  The  very  best  scientific  men  the  world  possessed  turned 
their  attention  to  discovering  the  answer  to  that  question,  and  we  owe  it 
to  Professor  G.  F.  Fitzgerald  to  supply  an  answer — which  may  cause  some 
of  you  to  think  that  the  scientific  men  who  considered  it  seriously  had  lost 
possession  of  their  senses.  But  indeed  they  had  not,  though  the  suggestion 
which  Fitzgerald  made  is  truly  most  astonishing.  Let  us  go  back  to  the 
more  gripable  position  of  the  two  swimmers  diving  off  the  rock  in  mid¬ 
stream,  the  one  to  swim  a  certain  distance  up-stream  and  back,  the  other 
the  same  distance  across  stream  and  back.  I  have  said  that  the  across- 
stream  man  should  arrive  back  first,  but  in  the  corresponding  real  experi¬ 
ment  the  trouble  was  that,  while  he  should  have  done  so,  he  just  didn’t. 
They  both  arrived  together — identically  together.  Why  ?  What  happened 
to  the  up-and-down-stream  man  to  bring  him  back  so  quickly  ?  The 
suggestion  which  Fitzgerald  made  was  that  the  up-and-down-stream  distance 
was  not  really  so  long  as  the  across-stream  distance,  but  that  being 
measured  in  an  up-and-down-stream  direction  it  was  not  measured 
under  the  same  conditions  as  that  across  and  back.  This,  put  into  other 
(perhaps  less  intelligible)  language,  is  that,  of  the  two  paths  which  the  light 
followed,  one  was  up  and  down  in  the  direction  in  which  the  ether  was 
moving  past  the  earth,  and  the  other  was  across  and  back.  Well, 
Fitzgerald’s  suggestion  was  that  the  distance  measured  up  and  down — 
i.e.,  against  and  with  the  ether  stream — was  not  really  measured  under  the 
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same  circumstances  as  the  other,  as  the  one  was  with  and  against,  whilst 
the  other  was  across  and  back.  He  suggested,  therefore,  that  in  measuring 
with  and  against  the  stream  the  measuring-rod  (yard  measure,  two-foot 
rule,  or  whatever  you  like  to  think  of)  contracted,  and  was  not  really  the 
same  length  as  it  was  in  measuring  across  and  back.  For  a  given  speed 
of  the  ether  past  the  earth  it  was  quite  easy  to  ascertain  what  the  contraction 
would  have  to  be  to  bring  about  the  compensation-,  but  if  the  compen¬ 
sation  comes  about  automatically  it  explains  the  failure  of  the  experiments 
devised  to  measure  the  drift  of  the  ether  past  the  earth. 

I  trust  no  one  will  worry  unduly,  and  imagine  I  am  going  to  get  beyond 
their  depths,  if  I  put  up  on  the  board  the  mathematical  expression  for  the 
necessary  contraction.  It  is  this — 

1 


B  = 


where  B  is  the  ratio  of  the  length  measured  across  and  back  to  that 
measured  up  and  against.  Such  a  contraction  as  this  (if  it  occurs)  will 
render  nugatory  the  experiment  I  have  described,  and  would  be  the 
explanation  of  the  failure  of  many  other  ingenious  experiments  which  have 
been  devised  to  test  this  question  of  the  earth’s  drift  through  the  ether. 

Before  going  any  further,  let  us  for  a  moment  or  two  see  the  extent 
of  the  necessary  contraction  in  certain  cases.  Let  us  take,  that  is  to  say, 
a  few  hypothetical  cases.  Suppose,  for  instance,  that  the  earth  moved 
through  the  ether  at  a  speed  of  121,000  miles  per  second — and  there  is  no 
reason  that  I  know  of  why  it  should  not  be  moving  at  this  velocity — then 
the  factor  B  would  amount  to  2,  and  the  cross  and  back  lengths  would 
really — that  is  to  say,  if  the  word  “  really  ”  means  anything — would  really 
be  twice  as  long  as  that  up  and  down,  although  to  measurement  and  to 
our  eyes  they  would  be  the  same.  Thus  the  up-and-down -stream  swimmer, 
if  he  swam  at  the  speed  of  121,000  miles  a  second  against  a  stream  of 
186,000  miles  a  second,  would  have  the  distance  he  had  to  swim  cut  down 
to  half  as  compared  with  his  equally  stupendous  companion  who  swam 
across  and  back.  Of  course,  the  first  time  one  comes  across  a  suggestion 
like  this  it  sounds  impossible,  but  one  gets  used  to  it  after  a  while,  and  there 
is  nothing  impossible  about  it — indeed,  it  is  quite  probably  true.  I  do  not 
mean  to  say  it  is  true  that  the  earth  is  moving  through  the  ether  at  121,000 
miles  a  second,  but  that,  if  it  were,  this  contraction  would  take  place,  and 
so  cover  up  our  means  of  finding  it  out.  We  know  the  earth’s  velocity 
in  its  orbit,  which  is  about  nineteen  miles  a  second.  If,  then,  the  ether 
is  fixed  in  space,  the  earth  must  be  all  the  time  moving  through  it  with 
this  velocity.  Why  can’t  we  find  it  out  ?  Fitzgerald  says,  because  the 
earth  contracts  in  the  direction  of  its  motion  through  the  ether  by  just 
enough  to  smother  up  our  means  of  finding  it  out,  and  that  in  this  case 
would  be  about  2J  in.  in  that  diameter  that  was  in  the  direction  of  its 
motion  through  the  ether. 

Of  course,  do  not  for  one  moment  let  yourselves  imagine  that  scientific 
men  would  accept  such  an  hypothesis  as  this  without  confirming  it,  if  it 
were  possible  to  confirm  it  —  indeed,  without  pulling  it  inside  out  and 
haggling  over  it  in  every  possible  way.  I  cannot  hope  to  indicate  even 
the  work  which  has  been  done  either  to  substantiate  or  to  contradict  (as 
the  facts  of  the  case  so  determined)  Fitzgerald’s  suggestion.  Though  he 
first  made  it,  the  hypothesis  is  known  as  the  Fitzgerald-Lorentz  contraction 
hypothesis,  as  Lorentz  made  the  same  suggestion  almost  simultaneously, 
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and  he  and  Sir  Joseph  Larmor  have  since  been  instrumental  in  carrying 
the  consequences  of  the  suggestion  a  good  deal  further. 

I  have  said  that  it  was  originally  found  to  be  a  necessary  thing  to  sup¬ 
pose  the  existence  of  the  ether  in  order  to  account  for  the  phenomena  of 
light,  and  I  also  remarked  that,  having  had  its  general  properties  deter¬ 
mined  by  the  phenomena  of  light,  it  was  found  (by  Maxwell)  that  these 
properties  were  just  the  ones  which  made  it  suitable  also  for  the  explana¬ 
tion  of  electric  and  magnetic  effects,  or  what  are  most  generally  known  as 
electro -magnetic  phenomena,  and  so  it  was  perhaps  not  surprising  that 
when  difficulties  began  to  be  encountered  in  optical  effects  they  should  also 
not  be  far  under  the  surface  in  electro-magnetic  effects.  And  so,  indeed, 
it  proved  to  be.  Now,  Maxwell  considered  that  the  ether  was  fixed  rela¬ 
tively  to  the  earth  ;  or  perhaps  it  would  be  better  to  say  he  did  not  concern 
himself  just  then  with  what  might  happen  if  the  earth  moved  through  the 
ether.  He  developed  certain  laws,  which  he  expressed  by  equations,  which 
are  very  well  known  as  Maxwell’s  equations,  and  these  equations  told  us 
what  happened  under  specified  conditions,  and  enabled  calculations  to  be 
made.  I  will  be  kind  enough  to  spare  you  from  following  me  through  any 
such  mathematical  gymnastics.  They  are  quite  unnecessary  in  order  to 
enable  me  to  get  where  I  want  to  ;  and  as,  moreover,  I  should  probably 
make  mistakes,  the  consideration  is  to  myself  as  well  as  to  you.  Let  us 
leave  it  at  this  :  he  expressed  certain  relations  between  such  things  as 
electrical  quantities,  and  lengths  and  times,  and  he  found  that  these  rela¬ 
tions  were  true,  and  expressed  the  observed  facts  of  the  case.  But  the  fact 
that  the  earth  might  be  moving  through  the  ether — indeed,  it  seems  that 
it  must  be — forced  the  consideration  of  the  possible  consequences  of  such 
a  motion  upon  men’s  minds,  and  Lorentz  and  Larmor,  amongst  other  less 
brilliant  investigators,  took  up  the  question.  And  they  found  a  very 
astonishing  thing.  They  found  that,  supposing  the  earth  to  move  through 
the  ether  with  a  given  velocity  (which  a  mathematician  would  certainly 
call  v),  also  that  if  the  earth  contracted  in  the  way  I  have  explained  it 
would  have  to  contract  in  order  to  explain  the  simultaneous  back  arrival 
of  the  two  rays  of  light,  then  the  same  contraction  would  also  fit  Max¬ 
well’s  equations.  In  other  words,  Maxwell’s  equations  are  true  if  the  earth 
and  ether  are  at  rest  relatively  to  one  another,  and  they  are  also  true 
if  they  are  not  at  rest  relatively  to  each  other,  provided  the  contraction  of 
lengths  such  as  I  have  mentioned  before  takes  place ;  but  they  are  not  true 
if  the  earth  moves  relatively  to  the  ether,  unless  it  does  take  place.  Well, 
then,  let  us  see  where  we  are  now.  Maxwell’s  equations  are  true  ;  they 
are  only  true  if  the  earth  is  at  rest  relatively  to  the  ether,  or  if  it  is  moving 
and  the  proper  contraction  of  lengths  takes  place.  If  that  takes  place, 
they  are  just  as  true  as  if  the  earth  and  ether  were  at  relative  rest.  And 
we  do  find  that  they  are  true,  so  that  we  are  forced  to  conclude  that  the 
contraction  that  we  found  necessary  to  account  for  optical  results  is  also 
thrust  upon  us  by  electrical  phenomena,  and  we  must  reckon  with  that 
contraction,  and  see  what  it  means  and  what  it  involves. 

It  is  here  that  Einstein  began  to  make  his  influence  felt.  He  said,  in 
effect,  Let  us  accept  the  facts  as  we  find  them.  Let  us  recognize  that  this 
compensating  contraction  takes  place,  and  see  where  we  are.  In  the  first 
place,  the  admission  of  such  a  contraction  amounts  to  a  recognition  of  the 
conspiracy — if  it  be  a  conspiracy — in  nature,  and  in  the  phenomena  of 
nature,  to  defeat  all  attempts  we  may  make  to  ascertain  what  the  actual 
speed  of  the  earth  through  the  ether  really  is.  Any  velocity  will  do.  The 
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contraction  takes  place  which  just  smothers  up  our  possibilities  of  finding 
out  what  it  is,  and  it  may  be  anything.  And  this  is  what  may  be  called, 
and  has  been  called,  the  restricted  principle  of  relativity.  This  principle 
asserts  or  admits,  whichever  word  you  choose  to  use,  that  it  is  impossible 
by  any  conceivable  experiment  to  detect  uniform  motion  through  the  ether  ; 
and  the  difference  between  the  attitudes  of  Lorentz  and  Einstein  is  that 
Einstein  asserts  it  and  Lorentz  admitted  it.  Einstein  asserted  it  as  a  work¬ 
ing  principle  which  might  perhaps  be  used  to  take  us  further  in  natural 
knowledge ;  Lorentz  admitted  it  as  an  experimental  result.  The  world 
has  followed  Einstein ;  and  it  is  for  me  to-night  to  try  to  take  you  along 
some  of  the  paths  which  have  since  been  trodden 

In  the  first  place,  let  us  see  what  influence  the  recognition  of  this  prin¬ 
ciple  has  on  our  ideas  of  length.  We  are  accustomed  to  measure  lengths 
upon  this  earth;  but  a  length  changes  as  the  earth’s  motion  through  the 
ether  changes — -as  it  certainly  does — and  so  we  are  immediately  up  against 
the  question,  What  is  length  in  the  absolute  sense  ?  Is  there  any  such 
thing  as  absolute  length  ?  Upon  this  earth,  since  seemingly,  whatever  the 
earth’s  velocity  through  the  ether  may  be,  it  changes  but  little  our  two- 
foot  rules  and  our  yard  measures  (only  2-J  in.  in  such  a  comparatively  great 
length  as  the  earth’s  diameter),  it  would  seem  to  matter  little.  But,  judged 
from  a  crude  and  commercial  standpoint,  it  would  not  matter  at  all  if  the 
changes  were  thousands  of  times  what  the  earth’s  motion  round  the  sun 
produces — for  we  should  only  know  it  by  inference,  and  not  by  perception. 
If  we  conceive  ourselves  spirited  away  (as  perhaps  we  shall  be  some  day) 
to  another  world,,  taking  our  six-foot  rule  with  us — a  world  which  was 
moving  through  the  ether  at  121,000  miles  a  second — we  should  become 
Lilliputians,  contracted  in  one  direction  to  one-half  our  present  dimensions; 
but  we  should  not  perceive  it,  as  the  six-foot  rule  with  which  we  had  travelled 
would  also  be  similarly  contracted,  and  would  fit  with  the  same  exactness. 
It  is  the  philosophical  result  that  absolute  length  is  meaningless,  and  what 
it  implies,  that  matters,  and  not  (at  present,  at  any  rate)  any  commercial 
consequences  of  that  result.  Length,  as  the  formula  I  have  put  upon  the 
board  shows,  depends  upon  our  velocity  through  the  ether.  Of  that  we 
have  (according  to  every  scientific  experiment  yet  performed  to  test  the 
question)  no  knowledge  whatever.  Our  universe,  therefore,  and  everything 
that  is  in  it,  shrinks  or  expands  in  extent  according  as  we  assume  (as  we 
are  quite  justified  in  doing)  one  velocity  or  another  of  the  earth  through 
the  ether.  Or,  let  us  imagine  a  school-teacher  demonstrating  something 
about  the  properties  of  a  square  to  a  class  of  interested  children — if  that 
is  not  beyond  the  imagination — and  another  travelling  round  and  round 
him  on  the  back  of  an  electron  at  a  speed  of  121,000  miles  a  second,  and 
catching  sight,  from  time  to  time,  of  the  figure  on  the  board — the  hypo¬ 
thetical  board,  not  this  one — he  will  see  the  square  not  as  a  square 
at  all,  but  as  some  sort  of  parallelogram,  which  is  not  even  necessarily 
rectangular,  and  the  wisdom  of  the  mundane  school-teacher  will  be 
foolishness  to  him. 

Then,  as  to  time.  What  does  absolute  time  mean  in  view  of  the  fact 
that  what  has  been  called  this  “  conspiracy  in  nature  ”  exists  to  block  us 
finding  out  our  speed  through  the  ether  ?  Is  time  also  involved  ?  The 
reply  to  that  is  that  it  most  assuredly  is  ;  but  how  to  make  that  clear  to  a 
lay  and  lady  audience  is  what  has  been  worrying  me  ever  since  I  was  so 
foolish  as  to  consent  to  address  you  upon  this  subject ;  and  I  have  come 
to  the  conclusion  that  the  best  way  is  not  to  try,  but  to  ask  you  to  accept 
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a  result  which  is  arrived  at  by  rather  abstruse  but  cogent  reasoning,  and 
see  where  it  leads.  And  the  result  I  ask  you  to  accept  is  that  time,  like 
length,  depends  upon  our  motion  through  the  ether,  and  in  a  not  very 
different  way.  An  interval  of  time  measured  upon  a  body  moving  through 
the  ether,  as  compared  with  one  that  is  at  rest  with  regard  to  it,  is  given 
by  the  relation 


where  u  is  the  velocity  of  the  body  through  the  ether  and  v  is  the  velocity 
of  light.  This  means  several  things  ;  and  first  it  means  that  the  duration 
of  an  event,  the  same  event — the  Grand  National  Steeplechase,  for  example 
— is  lengthened  out  upon  an  earth  fixed  as  regards  the  ether  as  compared 
with  what  it  would  be  if  run  on  an  earth  moving  through  the  ether  with 
considerable  speed — considerable,  that  is  to  say,  as  compared  with  the 
velocity  of  light.  Well,  but  that  is  just  what  the  “  conspiracy  in  nature  ” 
prevents  us  forming  any  opinion  upon.  We  have  tried  to  find  out — we 
have  tried  hard  to  find  out — and  we  have  come  up  against  a  blank  wall 
every  time.  And  if  we  are  up  against  a  blank  wall  in  deciding  how  quickly 
the  earth  moves  through  the  ether,  neither  can  we  say  that  the  Grand 
National  was  run  in  so-many  seconds.  To  us  it  appears  to  have  been  so. 
To  the  observer  upon  the  back  of  an  electron  whose  speed  with  regard  to 
the  earth  is  about  120,000  miles  a  second  the  race  would  seem  to  have 
occupied  only  about  eight-tenths  of  the  time.  And  who  is  to  say  which  is 
right  ?  We  are  certainly  not  riding  upon  the  back  of  an  electron,  but  as 
regards  the  ether  the  electron  may  be  at  rest,  and  the  earth  may  be  moving 
through  the  ether  with  this  great  speed.  We  cannot  tell  which  is  moving. 
We  have  no  knowledge  whether  the  earth  is  at  rest  with  regard  to  the 
ether,  or  whether  it  is  moving  through  it  with  a  stupendous  speed  ;  and  so, 
while  to  us  the  interval  is  what  the  racing  calendars  say  it  is,  to  an  observer 
upon  another  world  it  might  be  either  greater  or  smaller,  as  the  case  may 
be.  Thus  time  as  well  as  length  depend  upon  our  speed  relatively  to  this 
all-important  and  yet  illusive  medium. 

Looking  at  our  equation  again,  we  see  that  if  we  move  through  the 
ether  with  the  velocity  of  light,  so  that  u  and  v  become  the  same,  time 
disappears  altogether,  and  also  distances  shrink  up  into  nothingness. 
Thus,  as  Eddington  has  pointed  out,  “If  a  man  wishes  to  achieve 
immortality  and  eternal  youth,  all  he  has  to  do  is  to  cruise  about  space 
with  the  velocity  of  light.  He  will  return  to  the  earth,  after  what  seems 
to  him  to  be  an  instant  of  time,  to  find  that  many  centuries  have  passed 
away.”  How  this  comes  about  may  perhaps  be  made  a  little  more  concrete 
and  intelligible  by  pointing  out  that,  to  such  a  one,  a  man  striking  a  match 
to  light  a  pipe  would  always  be  doing  just  the  same  thing,  and  the  pipe 
would  never  get  lighted  until  he  stopped,  when  he  would  find  that  he  had 
smoked  it  several  hundred  years  ago,  and  was  himself,  and  had  been  for 
a  similar  time,  dead  and  buried — a  fact  which,  judging  from  his  remarkable 
experiences,  might  not,  after  all,  surprise  him. 

This  is  one  of  the  many  paradoxes  which  one  comes  up  against  in  this 
peculiar  subject — paradoxes  which  are  only  paradoxes  because,  as  yet, 
we  are  not  at  the  end  of  out  groping. 

I  have  said  that  time  and  space  are  both  conditioned  by  the  velocity 
we  may  assign  to  the  earth’s  motion  through  the  ether,  but  they  are  so 
conditioned  that  whether  we  be  moving  through  the  ether  or  not,  and 
with  whatever  velocity  we  may  choose  to  imagine  we  are  moving  though 
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the  ether,  the  velocity  of  light  is  the  same.  The  lengths  of  distances 
depend  upon. the  speed  we  may  assign,  and  the  lengths  of  intervals  of  time 
also  so  depend  ;  but  this  all-important  and  most  fundamental  quantity— 
the  velocity  of  transmission  of  a  disturbance  through  it — is  unaffected  by 
the  velocity  we  may  give  to  the  source  from  which  the  disturbance  springs. 
This  is  a  fact,  and  a  remarkable  one,  that  is  well  worth  cogitating  upon 
by  those  who  have  more  than  a  passing  interest  in  relativity. 

Thus  we  may  perhaps  sum  up  the  situation  by  imagining  two  motorists 
meeting  in  direct  collision  in  interstellar  space.  Each  would  accuse  the 
other  of  “  road-hogging  ”  along  the  celestial  roads,  and  assert  that  he 
himself  was  not  moving  at  all.  The  one  would  say,  “  I  exhibited  a  square 
to  show  you  which  side  to  pass  on  ” ;  the  other  would  contradict  him, 
and  say  it  was  a  rectangle  ;  while  a  third  motorist,  flashing  past  at  the 
moment,  would  call  out  that  both  were  wrong,  as  he  saw  the  signal,  and 
it  was  an  oblong.  The  one  would  say,  “  You  have  had  plenty  of  time 
to  avoid  me,  as  I  have  been  at  this  spot  for  years,  and  saw  you  coming  all 

the  time  ” ;  the  other  would  say  that  the  first  man  was  a - ,  and  that 

it  was  he  who  suddenly,  the  very  instant  before  the  collision,  appeared 
on  the  scene  ;  whilst  the  third  would  shout  out,  as  he  whisked  awav  to 
avoid  further  trouble,  that  they  were  both  wrong  again,  as  he  had  seen 
them  both  for  the  last  hour.  The  passengers  in  each  car  would  strongly 
and  emphatically  support  their  own  drivers,  and  we  can  well  imagine  that 
the  arguments  might  be  very  heated,  for  each  car  would  see  a  world  of 
his  own  which  would  totally  disagree  with  that  of  the  other  man. 

And  now,  if  you  have  followed  me  thus  far,  it  will  be  quite  easy  to 
take  the  next  step,  which  we  owe  to  Minkowski.  These  expandings  and 
shrinkings  of  lengths,  these  lengthenings  and  shortenings  of  time,  as  we 
give  to  the  earth’s  motion  through  the  ether  one  speed  or  another— what 
do  they  mean  ?  Are  they  the  products  of  a  disordered  imagination,  or 
is  the  world  of  reality  a  vastly  different  thing  from  that  of  appearance  ? 
Do  we,  that  is  to  say,  seem  to  our  unaided  senses  to  live  in  a  world  of  one 
sort,  whereas  in  reality  we  are  living  in  one  of  quite  another  kind  ?  In 
an  address  which  I  had  the  honour  of  giving  to  you  last  year  I  pointed  out 
that  what  seems  to  be  solid  matter  is  in  its  ultimate  structure  diaphanous 
and  gauzy — so  much  so  that  with  one  of  the  “  eyes  ”  which  modern  science 
has  been  able  to  provide  itself  with  it  has  been  possible  to  “  see  ”  through 
as  much  as  11  in.  of  such  a  seemingly  opaque,  and  certainly  dense,  body 
as  lead.  So  that  we  must  be  prepared  to  find  perhaps  that  our  unaided 
senses  are  telling  us  only  half-truths,  and  possibly  in  some  cases  deliberate 
untruths. 

Guided  largely  by  these  unaided  senses — for  the  “  eyes  ”  of  science  are 
but  a  recent  development — man  has,  through  past  generations,  gradually 
developed  the  idea  that  we  live  in  a  world  of  three  dimensions  :  that  is  to 
say,  in  more  usual  language,  we  are  used  to  the  three  directions,  north- 
south,  east-west,  and  up-down  ;  or,  put  another  way,  length,  breadth, 
and  height.  To  these  we  certainly  add,  perhaps  unconsciously,  the  idea 
of  time  ;  but  it  is,  as  it  were,  of  a  thing  thrown  in  as  a  side-issue — a  by¬ 
product,  so  to  speak,  for  us  to  make  “  ducks  and  drakes  ”  of — as  some 
of  us,  1  fear,  occasionally  do — but  not  at  all  a  thing  of  the  same  sort  as 
the  three  already  mentioned.  Let  us  suppose,  however,  that  we  do  not 
live,  as  we  think  we  do,  in  a  world  of  three  dimensions,  but  in  one  of 
four — or,  rather,  while  we  live  in  a  world  of  three  dimensions,  the  universe 
is  constructed  of  four  dimensions.  How  should  we — nan  we  at  all,  indeed 
— become  aware  of  the  fact  ?  I  remember,  many  years  ago,  reading  a 


242  The  N.Z.  Journal  of  Science  and  Technology.  [Jan. 

most  interesting  little  skit  called  44  Flatland  ;  or,  A  'Romance  of  Many 
Dimensions,”  and,  like  many  another  skit,  it  had  a'  lot  of  sober  common- 
sense  dished  up  with  a  most  attractive  condiment  of  humour  and  levity. 
The  author,  Professor  Abbott,  pictured  a  being  living  in  a  space  of  two 
dimensions— a  flat  plane— and  having  no  experience  or  conception  of  the 
third  dimension  of  height.  In  its  own  flat  world  this,  being  was  one  of 
the  very  highest  order — he  was,  in  fact,  a  circle.  In  “  Flatland  ”  there 
were  beings  of  all  sorts  of  shapes — triangles,  squares,  polygons,  et  hoc  genus 
omne — but  they  were  all,  as  it  were/cut  out  of  a  thin  sheet  of  paper  ;  none 
of  them  had  any  thickness,  or  height — the  third  dimension,  as  we  know 
it,  was  missing.  In  this  interesting  little  world  the  form  which  had  the 
greatest  number  of  sides  was  the  highest  organization  ;  and  that  is  why 
I  have  described  the  being  pictured  by  Professor  Abbott,  which  had  the 
form  of  a  circle,  as  of  the  highest  order,  for  a  circle  is  only  a  polygon  of 
an  infinite  number  of  sides.  The  author  of  44  Flatland  ”  was  rude  enough 
to  state  that  the  ladies  of  44  Flatland  ”  were  mere  lines — one-sided  beings, 
that  is  to  say — and  therefore  very  humble  in  the  scale  of  development. 
Of  course,  it  is  quite  unnecessary  to  say  that  Professor  Abbott  could  not 
really  have  had  any  experience  of  ladies,  not  even  of  ladies  of  44  Flatland.” 
Now,  this  highly  organized  being  of  44  Flatland  ” — this  circle — knew  all 
about  the  world  in  which  he  lived  ;  but  it  was  a  limited  world,  a  world 
in  which  everything  happened  in  length  and  breadth,  and  no  one  thought 
of  up  and  down.  Into  this  world  one  day  there  came  a  sphere,  a  being 
of  three  dimensions — a  being  as  highly  organized  in  his  own  world  as  the 
circle  was  in  his.  And  the  two  met,  and,  as  highly  organized  beings  (such 
as  ourselves)  will  do,  they  had  an  argument.  Said  the  sphere  to  the 
circle,  I  am  a  sphere.”  To  which  the  circle  replied,  44  You  are  not ; 
you  are  a  circle  like  myself.”  And  to  the  circle  this  appeared  to  be  so, 
for  he  could  only  see  and  become  conscious  of  that  part  of  the  sphere  which 
intersected  the  44  Flatland  ”  in  which  he  lived.  44  No,”  said  the  sphere, 
44 1  am  a  sphere,  and  I  will  show  you  so  ” ;  and  he  proceeded  to  penetrate 
himself  more  deeply  into  the  44  Flatland  ”  in  which  the  other  lived. 
44  You  are  still  only  a  circle,”  said  the  circle,  44  though  truly  the  most 
remarkable  one  I  have  met,  for  you  seem  to  expand  and  contract  in  a  very 
marvellous  way  ;  but,  for  all  that,  you  are  only  a  circle.”  Then  the 
sphere  decided  that  the  only  way  to  convince  the  circle  that  he  (the  sphere) 
was  a  different  sort  of  being  altogether  was  to  take  the  circle  bodily  out 
of  44  Flatland  ”  and  into  a  world  of  three  dimensions,  and  he  would  then 
understand.  And  so  the  sphere  took  the  circle  out  of  his  flat  world,  with 
results  which  were  very  interesting  and  amusing  to  read,  but  which  are 
not  important  from  our  point  of  view.  Now,  this  amusing  allegory  and 
skit  has  an  almost  prophetic  bearing  on  what  we  have  been  considering, 
though  44  Flatland  ”  was  written  in  1881,  and  this  is  1920.  For  it  was 
the  non-recognition  by  the  circle  of  the  third  dimension  of  height  that 
caused  that  gentleman  to  be  astonished,  at  the  sphere’s  seemingly  extra¬ 
ordinary  shrinkings  and  expandings,  which  were  in  reality  due  to  the 
sphere’s  penetrating  to  a  greater  or  less  depth  into  the  plane  in  which  he 
lived.  And  here,  again  to-day,  we  have  a  case  of  seemingly  astonishing 
shortenings  and  lengthenings  in  bodies  moving  with  or  against  the  ether 
stream,  and  it  is  to  Minkowski  that  we  owe  the  explanation.  But  I  can 
feel  that  I  am  up  against  a  considerable  difficulty.  Minkowski  considered 
that  space  in  in  reality  a  four-dimensional  entity  or  continuum,  and  not, 
as  it  seems  to  us  to  be,  one  of  only  three  ;  and  the  fourth  dimension  is  not 
time,  but  what  mathematicians  call  44  i  ”  time.  It  is  not  possible  to  render 
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this  idea  clear  to  you  simply  because  we  have  not  been  given  the  faculty 
of  perceiving  it,  any  more  than  the  circle  had  been  given  the  power  to 
perceive  height.  Up  to  the  time  the  sphere  came  and  lifted  him  out 
of  the  flat  plane  which  had  been  to  him  the  universe,  it  (height)  had 
been  altogether  outside  his  experience.  But,  though  he  had  not  experienced 
it,  there  was  nothing  to  prevent  him  (he  being  a  highly. organized  individual 
of  many  sides) — there  was  nothing  to  prevent  him  thinking  about  it,  and 
even  working  out  problems  about  it.  And  that  is  just  what  Minkowski 
and  other  mathematicians  have  been  doing.  They  have  asked  themselves, 
“  Suppose  events  were  to  happen  in  such  a  world  of  four  dimensions,  and 
suppose  these  events  were  to  be  watched  by  a  being  who  lived  in  three- 
dimensional  space,  and  who  had  no  mental  consciousness  of  the  fourth, 
what  would  this  three-dimensional  being  see  ?  ”  And  Minkowski  has 
shown  that  the  bodies  moving  in  such  four-dimensional  space  would  seem 
to  perform  the  most  extraordinary  antics  to  the  three-dimensional  looker- 
on.  The  lengths  of  bodies  would  seem  to  depend  upon  the  speed  and 
directions  in  which  they  moved  through  dimensional  space.  Their  masses 
would  alter,  and  all  the  things  that  we  have  seen  that  we  must  believe 
to  be  happening,  if  we  are  to  explain  the  universe  on  a  scheme  of 
three  dimensions,  would  also  seem  to  be  happening.  And  this  is  true 
not  only  in  “  character  ”  of  the  extraordinary  happenings,  but  also  in 
their  “  magnitude.55  Thus,  if  we  consider  with  Minkowski  that  the  universe 
is  in  reality  a  four-dimensional  manifold,  or  continuum,  or  entity,  whereas 
we  ordinary  mundane  beings  are  compelled  to  be  conscious  of  only  three, 
the  conspiracy  of  silence  which  we  seemed  to  invariably  come  across  in 
all  our  efforts  to  determine  the  speed  of  the  earth  through  the  ether 
disappears.  And,  as  I  have  said,  this  fourth  dimension  is  a  kind  of  time, 
though  not  time  as  we  know  it.  In  the  now  most  famous  words  of 
Minkowski,  if  these  things  should  prove  from  the  experiments  and  measure¬ 
ments  to  be  so,  then,  “  Henceforth  space  and  time  in  themselves  vanish 
as  shadows,  and  only  a  kind  of  union  of  the  two  preserve  an  independent 
existence.”  For  as  we  can,  and  do,  choose  any  one  of  the  three  directions 
that  we  know  so  well  in  this  world  of  appearance  and  call  it  height,  or 
length,  or  breadth,  as  the  case  may  be,  and  as  the  three  are,  and  must  be,  of 
the  same  nature,  so  in  Minkowski’s  more  complicated  and  unfamiliar  space 
we  could  choose  any  direction  and  call  it  a  “  sort  of  time,”  or  a  length,  as 
we  pleased.  There  is  nothing  to  distinguish  the  one  from  the  other. 

Now,  whilst  we  have  seen  that  this  four-dimensional  space  of  Minkowski 
is  capable  of  giving  a  natural  explanation  of  the  extraordinary  lengthenings 
and  shortenings  of  bodies,  and  the  not  less  puzzling  shortenings  and 
lengthenings  of  times  which  have  to  be  imposed  upon  the  duration  of 
■events,  which  Fitzgerald,  Lorentz,  Larmor,  and  others  have  shown  would  be 
necessary  if  we  are  to  explain  things  by  reference  to  the  three-dimensional 
space  that  we  know — while,  I  say,  we  get  a  more  4 ‘  natural  ”  explanation 
in  this  way,  yet  we  must  not  fall  into  the  much  too  common  error  of 
saying,  “  It  may  be  so,  and  therefore  it  is.”  We  must  not  accept  such 
an  hypothesis,  however  elegant  and  satisfying  the  explanation  by  means  of 
it  may  be,  without  exhausting  all  available  means  of  securing  a  direct  check. 
A  scientific  man  has  no  brief  for  any  explanation  except  the  right  one,  and 
he  recognizes  that  any  explanation  he  may  give,  and  which  may  com¬ 
pletely  cover  the  facts  known  to-day,  may  require  alteration  and  amend¬ 
ment  to-morrow  when  new  facts  are  very  possibly  by  its  aid  discovered. 
A  touch  here  and  an  improvement  there  to  bring  it  into  line  with  recent 
discoveries,  and  he  hopes  by  this  means  to  approach  truth  asymptotically, 
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as  it  were,  realizing  that  a  complete  explanation  of  the  universe  may  be 
for  ever  outside  his  grasp. 

And  here  it  is  that  we  come  to  Einstein’s  most  brilliant  work  ;  but  the 
understanding  of  it  is  an  exceedingly  difficult  matter.  His  theory  of  gravi¬ 
tation,  which  alone,  so  far,  has  been  able  to  give  us  any  direct  check  upon 
these  relativity  ideas,  is  the  outcome  of  most  abstruse  and  lengthy  mathe¬ 
matical  analysis.  Whilst  I  can  claim  with  perfect  honesty  to  have  made 
an  attempt  to  understand  what  has  been  written  on  the  subject,  I  must 
admit  with  the  same  candour  that  I  am  sure  I  have  not  done  so  ;  but  yet 
I  may  perhaps  be  able  to  give  you  the  ideas  underlying  the  theory  - —  a 
theory  which  is  perhaps  the  most,  revolutionary  that  has  ever  been  enunci¬ 
ated.  Wading  through  a  mass  of  mathematics,  one  emerges,  after  struggles 
with  co-variant,  and  contra-variant,  and  mixed  tensors  of  the  third  and 
higher  rank,  with  somewhat  nebulous  and  confused  ideas  of  what  it  is  all 
about,  and  more  confused  ideas  of  how  it  is  ever  to  be  made  understandable 
to  the  general  public.  We  all  know  what  Newton’s  law  of  gravitation  is  : 
it  is  that  every  particle  of  matter  in  the  universe  attracts  every  other 
particle  of  matter  in  the  universe  with  a  force  which  is  proportional  to 
the  product  of  the  two  masses  involved,  and  inversely  proportional  to  the 
square  of  the  distance  between  them.  Resulting  from  this  law  we  find 
that  2  grammes  placed  a  distance  of  1  centimetre  apart  attract  one  another 
with  a  force  which  is  6-6  X  10  of  the  weight  of  a  gramme.  With  ordinary 
masses  such  as  we  see  about  us — e.g.,  2  lb.,  10  lb.,  tons,  and  things  of  that 
order  and  size — the  attraction  of  one  to  another  is  exceedingly  small.  Com¬ 
pared  with  the  attraction  or  repulsion  of  one  magnetized  body  on  another, 
or  with  one  electrified  body  upon  another,  it  is  almost  but  not  quite  like 
comparing  the  infinitesimal  with  the  finite.  No  one  except  one  who  was 
prepared  for  the  question  would  suppose  that  there  was  any  attraction  at 
all  between  these  two  lumps  of  chalk,  but  one  can  readily  show  that  there 
is  a  force,  and  a  large  one,  between  this  electro-magnet  and  this  lump  cf 
iron.  But,  while  gravitation  is  thus  exceedingly  small  as  compared  with 
electrical,  and  magnetic  forces,  it  has  two  characteristics  which  they  do  not 
share  with  it.  The  one  is  that  it  is  always  an  attraction — one  never  hears 
of  the  “  repulsion  ”  of  gravitation — and  the  other  is  it  is  quite  universal. 
Newton’s  law  says  that  every  particle  of  matter  in  the  universe  attracts 
every  other  particle,  and  the  chemist  and  the  astronomer  of  yesterday  would 
both  have  said  that  he  (the  one)  had  tested  this  law  for  small  masses,  and  that 
he  (the  other)  had  tested  it  for  large  ones.  I  do  not  think  that  the  chemist 
would  have  hesitated  a  moment  in  asserting  that  as  far  as  he  was  concerned 
the  law  was  exact  ;  whilst  the  astronomer,  who  thought  of  the  triumphs  of 
the  production  of  cometary  returns — of  the  discovery  of  Neptune  owing  to 
the  improper  behaviour  of  Uranus,  of  the  general  and  proverbial  accuracy  of 
astronomical  occurrences  —  would  not  have  hesitated  long,  though,  as  we 
shall  see,  there  was  just  one  thing  which  might  have  caused  him  to  pause. 

But,  whilst  Newton  gave  a  law  of  gravitation,  he  gave  no  explanation 
of  it.  He  asserted  it  as  a  fact,  which  he  derived  from  a  mathematical 
analysis  of  the  orbits  which  celestial  bodies  follow — that  for  them  to  follow 
these  orbits  “  every  particle  of  matter  in  the  universe  must  attract  every 
other  particle  ”  ;  but  he  did  not  attempt  to  say  why  it  did  so.  And  neither 
since  has  any  satisfactory  explanation  been  proposed,  though  in  that  respect 
it  is  only  on  all-fours  with  electric  and  magnetic  forces,  which  are  similarly 
asserted  but  unexplained.  Attempts  have  certainly  been  made  (notably 
Le  Sage’s),  but  with  no  acceptance  or  success,  until  Einstein  proposed  his 
theory,  which  is  based  upon  relativity  and  the  principle  of  equivalence. 
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Now,  it  is  fortunate  that,  as  I  was  able  to  fall  back  on  a  scientific  skit- — 
viz.,  “  Flatland  ” — to  lead  you  to  understand  what  vagaries  a  body  moving 
in  three  dimensions  would  appear  to  perform  if  it  were  observed  by  a  being 
only  conscious  of  two,  and  so  to  show  you  that  the  extraordinary  shorten¬ 
ings  and  lengthenings  which  it  became  necessary  to  suppose  matter  was 
undergoing  if  we  were  to  explain  it  on  this  three-dimensional  world  of  our 
senses  could  be  naturally  explained  by  four  dimensions — as  I  say,  it  was 
possible  to  use  “  Flatland  ”  to  help  me  there,  so  it  happens  that  another 
and  better-known  novel  of  our  childhood  comes  to  our  aid  in  explaining  to 
you  Einstein’s  idea  of  gravitation  Most  of  us  have  surely  read  A  Voyage 
to  the  Moon ,  by  Jules  Verne,  and  will  remember  how  a  capacious  cannon¬ 
ball  was  designed,  in  which  the  voyagers  lived,  whilst  the  cannon-ball  was 
shot  out  of  a  special  cannon  with  a  speed  enough  to  reach  the  moon.  Now, 
it  will  be  remembered  that  the  dog  died  and  was  dropped  overboard,  and 
continued,  to  the  surprise  of  the  occupants  of  the  projectile,  to  move  along 
with  it.  It  did  not,  that  is  to  say,  drop  back  to  the  earth.  Mr.  Verne  says 
that  at  one  point  between  the  moon  and  the  earth  the  travellers  noticed 
that  gravity  had  disappeared  ;  but  in  that  remark  he  was  wrong,  for 
gravity  ceased  immediately  the  projectile  left  the  gun,  as,  indeed,  the  move¬ 
ments  of  the  dog  showed.  If  one  of  the  inhabitants  of  the  projectile  had 
given  a  jump  inside  it  he  would  have  risen  to  the  top  of  it  and  have  stopped 
there.  His  companions  might  have  put  it  another  way  and  said  he  had 
fallen  on  his  head  on  the  bottom  of  it  ;  but  whichever  we  may  call  the  top 
and  the  bottom  of  the  projectile,  that  thing  which  we  are  accustomed  to 
call  the  gravitation  of  the  earth  had  ceased  within  it.  Now,  why  was  this  ? 
It  was  because  the  projectile,  its  inhabitants,  its  furniture,  the  dog,  and  all 
that  it  contained,  were,  the  moment  they  left  the  earth’s  surface,  free  to  move 
with  the  acceleration  of  the  particular  point  at  which  they  happened  to  be. 
Their  velocity  was  no  more  constant  than  the  velocity  of  a  stone  falling 
off  a  cliff’s  edge  to  a  lower  level.  At  the  particular  point  mentioned 
by  Mr.  Verne,  between  the  earth  and  the  moon,  the  velocity  was  for 
the  moment  constant.  Up  to  that  point,  as  they  left  the  earth,  it  had 
been  decreasing.  It  reached  a  minimum  at  that  point,  and  thereafter 
began  to  increase  as  they  approached  the  moon.  But  we  talk  of 
“  increasing  ”  velocity,  and  “  decreasing  ”  velocity,  and  “  constant  ”  velo¬ 
city.  What  do  we  mean  by  these  expressions  ?  We  are  in  all  this  language 
tacitly,  and  perhaps  unconsciously,  supposing  that  their  motion  has  been 
judged  from  a  being  on  the  earth,  which  we  consider  to  be  at  rest.  They 
were  not  on  the  earth,  and,  had  you  asked  them,  they  would  have  said 
nothing  about  these  alleged  increases  and  decreases.  They  would  have  said 
that  after  the  unpleasantness  of  the  preliminary  bump  was  over  they  had  a 
very  peaceful  voyage — that  they  found  an  unaccountable  lightness  about 
themselves,  and  a  remarkable  tendency  to  stand  on  their  heads  at  the  top 
of  the  projectile  ;  but  they  would  strenuously  deny  that  they  had  been 
altering  their  speeds  through  space. 

Now,  in  common,  everyday  life,  when  we  are  looking  for  the  cause  of 
a  thing  or  an  effect,  we  look  for  something  that  will  stop  it.  When  we  want 
to  stop  a  motor-car  we  turn  off  the  petrol-supply,  we  close  the  throttle,  and 
we  say,  rightly,  that  one  of  the  causes  of  a  motor  going  is  that  the  cylinders 
get  a  supply  of  petrol ;  and  many  of  us  can  bear  most  eloquent,  though 
perhaps  it  is  profanely  eloquent,  testimony  to  the  truth  of  that  assertion. 
And  so,  too,  in  the  more  abstruse  region  of  gravitation,  Einstein  has  said 
that  any  change  which  an  observer  perceives  in  the  passing  of  an  event  to 
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be  due  to  a  gravitational  field  would  be  perceived  by  him  in  exactly  the 
same  way  if  the  gravitational  field  were  not  present,  provided  that  the 
observer  makes  his  system  of  reference  move  with  the  acceleration  which 
was  characteristic  of  the  gravitation  at  his  point  of  observation.  This,  in 
effect,  is  saying  what  I  tried  in  other  words  to  say.  On  the  projectile 
the  gravitation  was  absent,  but  on  the  earth  it  was  present  ;  but  to  the 
inhabitants  of  the  projectile  it  was  the  earth  which  appeared  to  be  altering 
its  speed,  for  40  them  the  projectile  was  at  rest.  There  is  no  possibility  of 
distinguishing  between  them. 

Now,  building  on  this  foundation,  Einstein  and  others  have  worked  out 
three  possible  checks  upon  this  theory — three  things  which  ought  to  happen 
if  the  ideas  which  lie  at  the  bottom  of  it  are  correct.  For  many  years 
astronomers  have  known  that  Mercury  behaved  somewhat — or,  rather, 
quite — unaccountably,  supposing  him  to  be  under  forces  which  were  exactly 
expressed  by  Newton’s  law.  All  the  planets  near  the  sun — viz.,  Mercury, 
Venus,  the  earth,  and  Mars— alter  their  position  of  perihelion  as  time  goes 
on  ;  but  whereas  that  motion  in  the  case  of  Venus,  the  earth,  and  Mars 
was  quite  well  accounted  for  on  the  older  ideas,  there  was  a  large  discordance 
which  was  quite  unaccounted-for  in  the  case  of  Mercury  ;  indeed,  this  dis¬ 
cordance  amounted  to  as  much  as  42  seconds  of  arc  per  century— a  quite 
enormous  amount.  A  first  check,  then,  on  Einstein’s  views  was  got  when, 
applying  the  modified  law  of  gravitation  which  was  derived  by  him  to 
Mercury’s  motion,  these  42  seconds  exactly  disappeared,  without  at  the 
same  time  making  the  agreement  in  the  case  of  Venus,  the  earth,  and  Mars 
any  worse  ;  indeed,  the  agreement  between  the  new  theoretical  deductions 
and  observed  facts  in  the  case  of  these  three  planets  was  distinctly  im¬ 
proved  as  compared  with  the  older  theory,  and  in  the  case  of  Mercury  it 
was  enormously  improved.  This,  shortly,  is  check  1. 

Check  2  was  obtained  last  year  at  an  eclipse  of  the  sun,  and  it  is  that 
check  which  has  caused  so  much  attention  to  be  given— even  in  such 
popular  newspapers  as  the  Educational  Supplement  to  the  Times  —  to 
Einstein’s  theory,  and  it  is  that  check  which  causes  me  to  be  standing 
here  to-night,  struggling  to  make  clear  to  you — a  thing  that  is  not  by  any 
means  clear  to  me — what  all  the  fuss  is  about.  It  turns  out  that  if 
Einstein’s  ideas  are  correct  all  moving  energy  should  be  subject  to  gravi¬ 
tational  influences,  and  that  light  and  all  other  forms  of  moving  energy 
should  be  deflected  from  its  path  on  passing  through  a  gravitational  field, 
just  as  a  comet  or  other  material  body  moving  with  the  same  velocity  would 
be  deflected.  Now,  during  an  eclipse  of  the  sun  we  can  see  stars  the  path 
of  whose  light  from  the  star  to  the  earth  passes  close  to  the  edge  of  the  sun, 
and  hence  through  an  intense  gravitational  field.  If,  then,  the  light  from 
that  star  is  deflected,  the  star  would  not  appear  to  be  in  quite  the  same 
position  relatively  to  other  stars  whose  light  passed  to  us  by  a  path  which 
was  not  so  close  to  the  sun’s  edge  as  that  of  the  one  we  are  considering. 
Thus  by  measuring  the  positions  of  the  stars  in  that  exact  part  of  the 
heavens  in  which  the  sun  would  be  at  the  moment  of  an  eclipse— in  measur¬ 
ing  the  positions  of  these  stars,  I  say,  during  the  eclipse,  and  also  some 
months  before  and  after  it,  when  the  sun  had  got  well  away  again,  there 
should  be  some  shift  in  the  positions  of  some  and  not  in  those  of  others. 
Now,  on  either  the  older  or  the  newer  theory  of  gravitation  a  shift  should 
take  place,  but  on  the  older  one  it  should  be  half  what  it  would  be  on  the 
newer.  In  figures,  on  Einstein’s  theory  the  shift  of  position  should  be 
1-74  seconds  of  arc,  and  on  the  older  theory  it  should  be  0-87  seconds. 
It  was  thus  this  small  amount  of  extra  shift  that  the  astronomers  went 
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out  to  decide,  and  on  which  the  fate  of  this  great  generalization  partly 
hung.  It  is  only  right  to  say  that  there  is  still  some  doubt  about  the 
result.  The  best  photographs  confirmed  Einstein’s  prediction  ;  the  others, 
distinctly  the  worse  ones,  taken  from  another  observing-spot,  gave  just 
about  half  the  value — confirming,  that  is  to  say,  the  older  ideas.  Thus 
the  evidence  of  the  best  photographs  is  in  one  direction,  that  of  the  much 
worse  ones  in  the  other  ;  and,  while  one  can  say  that  there  was  consider¬ 
ably  preponderating  evidence  in  Einstein’s  favour,  yet  one  must  also  say 
that  it  was  not  all  that  way.  For  further  and  more  conclusive  evidence 
we  must  await  observations  which  will  be  made  during  future  suitable 
eclipses — for  an  eclipse  to  be  suitable  it  is  necessary  that  when  the  event 
takes  place  the  sun  should  be  in  a  region  rich  in  stars,  and  this  is  not 
always  the  case.  And  that  is  the  present  position  with  regard  to  check  2. 

Check  3  is,  so  far,  against  the  theory  enunciated  by  Einstein.  If  his 
views  are  correct,  it  should  happen  that  a  particle  vibrating  in  an  intense 
gravitational  field  should  do  so  more  slowly  than  when  vibrating  in  a 
gravitational  field  less  intense.  This  implies  that  the  characteristic 
vibrations  of  the  same  element  (say,  hydrogen)  as  viewed  when  the  light 
comes  from  a  hydrogen  atom  vibrating  on  the  sun  would  be  less  rapid 
than  that  of  the  same  element  vibrating  on  the  earth,  and  such  an  effect 
might,  if  it  existed,  be  discovered.  Up  till  January  of  this  year  no  such 
effect  had  been  observed,  but  in  that  month  an  extract  from  a  letter  from 
Professor  Einstein  announced  that  the  reasons  of  the  negative  results  had 
been  discovered  by  two  physicists  in  Bonn  University;  but  I  have  seen 
no  later  information.  If,  however,  the  effect  is  discovered,  it  is  very 
likely  that  the  honour  will  fall  to  Bonn,  as  the  spectroscopes  there  are 
amongst  the  very  best  in  the  world. 

Thus,  while  we  cannot  by  any  means  say  that  the  theory  of  relativity 
is  proved,  or  that  Einstein’s  gravitation  theory,  which  rests  upon  it,  is  esta¬ 
blished,  yet  the  weight  of  such  evidence  as  we  have  been  able  to  accumu¬ 
late  is  in  favour  of  them  both.  Should  future  investigation  show  that  these 
great  generalizations  rest  upon  solid  foundations,  and  are  a  step  nearer  to 
that  gradual  attainment  of  truth  to  which  I  have  already  referred,  it  will 
still  further  increase  the  conviction  which  the  slow  unfolding  of  nature’s 
secrets  have  forced  upon  the  minds  of  thoughtful  men.  These  recent  ideas 
when  one  first  comes  upon  them  leave  one  in  a  somewhat  dazed^ condition. 
The  whole  structure  of  what  we  have  hitherto  thought  to  be  reality  seems 
to  crumble  away  into  a  hazy  nebulosity  of  dreaminess  and  doubt,  and  we 
feel  inclined  to  wonder  whether  our  own  existence  is  in  very  truth  a  fact. 
But  this  state  of  mind  will  slowly  pass  away.  Mankind  is  gradually  learn¬ 
ing  b}r  slow  and  patient  experiment  and  observation,  guided  by  nature’s 
greatest  gift  to  him — his  reasoning  faculty — that  the  universe  of  universes 
is  not  so  simple  in  its  structure  as  it  at  first  sight  appears  to  be.  With  the 
aid  of  the  many  new  senses  which  experiment  and  research  have  been  able 
to  add  to  his  primitive  five  he  is  gradually  getting  an  insight  into  another, 
a  deeper,  and  in  truth  a  more  real  world  than  the  world  of  appearance  with 
which  we  are  all  familiar.  So  far  they  are  only  glimpses,  and  as  we  get  them 
we  must  assure  ourselves  by  every  means  in  our  power  that  they  are  not 
hallucinations  and  dreams.  Having  done  so,  we  can  take  the  next  small 
step  with  confidence.  But  in  the  light  of  the  greater  knowledge  which  we 
possess  over  those  of  more  ancient  times,  we  may  perhaps  be  permitted  to 
alter  Milton’s  words  slightly  and  say,  instead,  These  are  Thy  wondrous 
works,  Parent  of  good,  Thyself  how  glorious  then  !  ” 
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HURU,  OR  NGAHURU. 

Notes  on  a  Widespread  Word  denoting  Ten,  and  its  many 
Variant  Forms  in  Use  throughout  the  Pacific  and  Indian 
Ocean  Regions. 

By  Elsdon  Best,  Dominion  Museum. 

Those  acquainted  with  the  Maori  tongue  are  aware  that  for  many  years 
past  the  word  commonly  employed  to  denote  the  number  ten  is  tekau ; 
but  inquiry  has  shown  that  this  term  was  used  in  pre-European  days 
for  twenty  not  only  in  New  Zealand,  but  also  in  the  isles  of  Polynesia  to 
the  northward.  The  term  for  ten,  as  used  by  the  Maori  of  New  Zealand 
in  counting,  was  ngahuru,  which,  in  its  variant  forms,  was  so  employed 
throughout  Polynesia,  as  also  in  a  number  of  islands  in  Melanesia  and 
Indonesia,  closely  allied  comparatives  being  encountered  as  far  off  as  the 
Philippines  and  Madagascar.  The  earlier  visitors  to  New  Zealand  all  give 
ngahuru  as  the  Maori  word  for  ten  used  in  counting.  Under  this  word 
we  find  in  Williams’s  Maori  Dictionary,  5th  edition,  the  remark,  “  This  is 
the  old  word  which  occurs  in  nearly  every  Polynesian  dialect,  but  has  now 
under  European  influence  been  superseded  by  tekau .”  In  the  same  work 
we  find  under  the  word  tekau,  “  The  use  of  tekau  for  ten  is  the  result  of 
intercourse  with  Europeans.  Before  this  intercourse  tekau  was  generally 
used  for  twenty,  and  ten  was  designated  by  ngahuru,  the  regular  Polynesian 
word.” 

In  Tregear’s  Maori- Polynesian  Comparative  Dictionary  we  are  told  that 
ngahuru  was  the  sacred  word  for  ten  in  New  Zealand  ;  but  little  sacredness 
could  have  pertained  to  a  term  that  was  assuredly  in  everyday  use.  We 
know  its  far-spread  use  throughout  the  island  system,  and  that  it  is  given 
by  all  early  voyagers  to  these  isles  who  collected  and  recorded  the  Maori 
numerals.  Albeit  the  spelling  of  the  word  is  decidedly  eccentric  in  such 
works,  yet  it  can  be  recognized  as  an  attempt  at  rendering  the  Maori 
ngahuru.  Thus  Cook  writes  it  as  angahoora  in  one  list,  but  as  angahourou 
in  another,  which  looks  like  a  Frenchman’s  attempt.  Banks  gives  auga- 
hourou,  evidently  a  printer’s  error  for  angahourou,  and  writes  the  Tahitian 
form  aliuru  as  ahourou.  Parkinson  presents  the  ka  ngahuru  of  Maori 
counting  as  kacahaowroo — and  one  can  but  mercifully  hope  that  the  printer 
assisted  him  in  producing  this  weird  form.  The  same  writer  renders  the 
Tahitian  ahum  as  hoolhoo,  thus  missing  the  initial  vowel  and  confusing  the 
semi-vowels  r  and  l.  Forster  (Cook’s  second  voyage)  gives  the  Maori  form 
as  anga  horro,  making  two  words  of  it.  Captain  King’s  angahourou  was 
probably  taken  from  Cook’s  journal.  Lieutenant-Grovernor  King,  who 
visited  the  northern  part  of  the  North  Island  in  1793,  writes  it  ngahudu, 
thus  getting  very  near  the  mark,  many  early  writers  using  d  in  place  of  the 
Maori  r.  Dr.  Savage,  other  early  visitor  to  northern  parts,  in  1805,  gives 
ngahoo-de,  wherein  he  failed  to  catch  the  final  vowel,  unless  we  owe  it  to 
that  much-condemned  printer  person,  who,  as  is  well  known,  is  a  man  of 
many  sins  and  few  virtues. 
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Savage  also  gives  teecow  ( tekau )  as  the  term  for  twenty,  and  apparently 
he  heard  a  native  counting  when  he  noted  catteekow  cotihi  ( ka  tekau  kotahi) 
for  twenty,  or  “  one  score,”  as  he  has  it,  and  catteekow  cadooa  ( ka  tekau 
ka  rua)  for  “  two  score.5' 

Nicholas,  who  sojourned  at  the  Bay  of  Islands  in  1815,  gives  ngahoodoo 
for  ten,  and  tikow  manahoodoo  ( tekau  ma  ngahuru  —  tekau  and  ten)  for 
twenty,  which  is  confusing,  for  he  has  not  stated  that  tekau  denotes  ten. 
He  then,  however,  gives  kadooa  tikow  {ka  rua  tekau  —  two  tekau)  as  forty, 
and  katoodoo  tikow  (ka  torn  tekau  —  three  tikau)  as  sixty,  and  so  on,  thus 
showing  that  one  tekau  must  necessarily  be  twenty.  Some  light  will  be 
thrown  on  this  confusion  later  on.  On  his  own  evidence  tekau  ma  ngahuru 
should  denote  thirty,  as  it  did  on  the  east  coast  of  the  North  Island. 

We  have  now  to  consider  some  contradictory  evidence  as  to  the  value 
of  the  term  tekau  as  formerly  employed  by  the  Maori  in  his  system  of 
numeration,  and  which  I  belie\e  to  be  explainable  only  by  the  fact  that 
the  Maori  possesses  two  such  systems.  Some  evidence  lately  perused,  but 
unattainable  when  the  writer  was  compiling  a  former  paper  (see  Trans¬ 
actions  of  the  New  Zealand  Institute,  vol.  39),  casts  an  interesting  light  on 
the  above  question.  . 

Archdeacon  Maunsell  and  Bishop  Williams  both  left  us  some  remarks 
about  tekau  being  employed  by  some  tribes  to  denote  eleven,  and  A.  S. 
Atkinson  notes  a  remark  made  by  the  latter  to  the  effect  that  the  Maori 
in  some  districts  counted  by  elevens.  A  more  correct  view  is,  I  believe, 
that  tekau  was  used  in  some  districts  as  a  tally  cry  in  a  decimal  system  of 
numeration ;  at  the  same  time,  we  have  evidence  to  show  that  tekau  was 
employed  among  the  same  people  to  denote  twenty.  This  could  only  mean 
that  two  modes  of  counting*  were  employed  by  such  people,  the  one  decimal, 
the  other  vigesimal.  We  have  already  seen  that  tekau  was  noted  by  early 
visitors  as  expressing  twenty  in  the  northern  districts,  and  that  ngahuru 
was  used  for  ten.  Another  early  visitor  to  that  region  shows  that  both 
lekau  and  ngahuru  were  applied  to  ten,  but  that  the  latter  only  was  used  in 
actual  counting.  The  following  evidence  tends  to  show  that  the  expression 
tekau  was  employed  in  its  true  Polynesian  sense  (i.e.,  te  kau  =  the  collection 
or  assembly)  for  both  ten  and  twenty,  according  to  which  multiple  system 
was  employed,  the  ten  fingers  or  the  twenty  fingers  and  toes, 

Lieutenant-Governor  King,  who  visited  the  northern  part  of  the  North 
Island  in  1793,  collected  certain  information  relating  to  the  country  and  its 
inhabitants,  which  was  published  in  Collins’s  History  of  New  South  Wales 
in  1804.*  The  Maori  numerals,  as  given  at  page  562  of  that  work,  are 
misspelt  but  recognizable  : — 


Ta-hie 

(Tahi) 

.  .  One. 

Du-o 

(Rua) 

Two. 

Too-roo 

( Tor u) 

Three. 

Wha 

( Wha) 

Four. 

Dee-mah 

(Rim  a) 

Five. 

O-no 

(Ono) 

Six. 

Whee-too 

(Whitu) 

Seven. 

Wha-roo 

(Wciru) 

Eight. 

E-wTia 

(Iwa) 

Nine. 

Ng-a-hu-du  ( Ngahuru ) 

. ...  Ten. 

*  First  edition  dated  1798. 
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Then  comes  the  remark,  “  Ca-te-cow  \ka  tekau ]  signifies  one  ten.” 
After  which  comes  ma-ta-hie  ( ma  tahi  =  and  one),  eleven,  &c.,  on  to 
Ma-Ew-ha  (ma  iwa  =  and  nine),  nineteen.  Then  twenty  is  Ca-te-cow , 
Ca ,  du-o  ”  (ka  tekau  ha  rua  =  two  tekau  or  the  second  tekau).  Thirty 
is  given  (in  corrected  spelling)  as  ka  tekau  ka  toru ,  forty  as  ka  tekau 
ka  wha,  and  so  on.  Further  quotation  is  unnecessary. 

In  this  case  it  is  clear  that  the  recorder  heard  natives  counting  or 
repeating  the  above  terms.  In  giving  the  digits  he  does  not  record  the 
verbal  particle  ka,  used  by  a  Maori  when  actually  counting  a  number  of 
objects,  but  he  does  so  in  the  case  of  the  tally  cry  for  ten,  and  in  the 
multiples  of  ten.  Here  again  we  see  ngahuru  employed  for  ten  in  actual 
counting,  after  which  tekau  is  used  as  a  tally  cry  to  show  that  one  tally  of 
ten  is  completed.  Tekau  is  not  used  to  denote  eleven,  which  is  represented 
by  the  words  ma  tahi  (  —  and  one).  Nineteen  is  ma  iwa  (—  and  nine), 
then  comes  the  tally  call  for  twenty  without  any  repetition  of  ngahuru . 
But  a  few  early  recorders,  including  Cook,  give  ma  ngahuru  (=  and  ten) 
as  the  expression  employed  to  denote  twenty  in  counting.  This  is  sup¬ 
ported  by  Lee  and  Kendall’s  Grammar,  published  in  1820,  which  gives 
ngahuru  as  used  for  ten  in  counting,  then  gives  the  tally  call  “  Ka  tekau 
kotahi.  Numerals  counted  once,  or  ten.”  Twenty  is  given  as  ma  ngahuru 
(and  ten),  when  comes  again  the  tally  “  Ka  tekau  ka  rua  (making  two 
tekau).  Numerals  counted  twice,  or  twenty.”  It  also  gives  in  another  table 
the  form  now  employed — kotahi  tekau  for  ten,  rua  tekau  for  twenty,  &c.- — 
which  none  of  the  earlier  recorders  refer  to,  and  which  can  scarcely 
have  been  heard  by  them  or  they  would  have  noted  it.  This  tends  to 
show  that  a  person  counting  may  have  employed  this  mode  of  expressing 
twenty,  after  which  he  would  note  the  tally,  ka  tekau  kotahi  if  counting 
in  scores,  ka  tekau  ka  rua  if  counting  in  tens.  This  early  evidence,  as  given 
above,  shows  that  ngahuru  was  used  for  ten  in  counting,  and  that  tekau 
was  sometimes  used  for  the  lesser  tally  of  ten.  Abundant  evidence  also 
shows  that  tekau  was  often  used  to  denote  the  greater  tally  of  twenty, 
and  this  practice  was  knowm  in  the  north,  which  led  to  the  confusion  in 
Nicholas’s  notes  on  Maori  numeration.  The  late  Mr.  John  White  has  a 
note  in  his  unpublished  MS.  concerning  the  occasional  use  of  tekau  as 
a  tally  call  (only)  for  ten.  Since  the  coming  of  Europeans  the  Maori  has 
entirely  ceased  to  use  tekau  for  twenty,  as  it  is  employed  in  Polynesia,, 
and  uses  it  to  replace  ngahuru  in  counting.  It  may  here  be  noted  that 
the  fact  that  the  Maori  formerly  employed  both  the  single  and  binary 
methods  of  numeration  does  not  tend  to  simplify  matters  in  any  inquiry 
into  his  mode  of  counting. 

The  list  of  Maori  numerals  published  in  Burns’s  narrative  in  1844  was 
evidently  taken  from  the  work  of  Nicholas,  and  hence  calls  for  no  further 
remark  here. 

The  Word  “  Ngahuru  ”  :  Its  Variant  Forms  and  Wide  Range. 

Allowing  for  many  forms  of  prefixes,  it  seems  clear  that  the  rootstock 
of  this  term  for  ten  is  huru,  fulu,  or  pulu  ;  other  forms,  such  as  uru ,  ulu , 
hulu,  furu,  vulu,  folo,  jmlo,  and  turu,  are  probably  variants  ;  or  at  least  we 
may  say  that  the  u-u  form  is  the  most  persistent.  The  use  of  the  simple 
root  form  to  express  ten  is  confined  to  a  few  lands  ;  some  form  of  prefix 
is  usually  employed,  and  the  number  of  variant  forms  of  such  prefixes  is 
startling. 
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The  range  of  this  term  is  of  remarkable  extent  when  we  consider  that 
it  pertains  to  the  languages  of  uncultured  folk.  By  noting  the  above  forms 
of  the  root  word,  and  keeping  a  wary  eye  on  prefixes,  we  can  trace  this 
term  from  Easter  Island,  on  the  110th  parallel  of  west  longitude,  right 
across  the  Pacific  to  Indonesia,  and  to  Madagascar,  off  the  east  coast 
of  Africa.  From  the  Hawaiian  Isles,  22  degrees  north  of  the  Line,  to 
47  degrees  south  in  New  Zealand,  from  Easter  Island  westward  to  the 
New  Hebrides,  and  in  scattered  isles  far  west  of  that  group,  the  Polynesian 
numerals  are  in  use.  But,  far  extended  as  are  the  names  of  the  nine 
digits,  that  of  ten  outranges  them.  Our  ngahuru  is  a  far-travelled  word— 
it  has  traversed  two  of  the  greatest  oceans. 

In  order  to  grasp  the  continuity  of  our  theme  it  is  necessary  to  bear 
in  mind  certain  letter-changes  that  occur  in  the  Pacific  area.  Thus  h 
and  /  and  v  are  interchangeable,  as  also  are  h  and  s,  and  r  and  l.  The 
huru  of  New  Zealand  becomes  fulu  at  Samoa  and  elsewhere,  and  the 
sangavulu  of  the  New  Hebrides  is  one  with  sangafulu  of  Lord  Howe  Island 
and  hang  ahum  of  Easter  Island. 

Another  peculiarity  to  be  remembered  is  that  of  dropped  letters.  Thus 
our  Maori  ngahuru  of  New  Zealand  becomes  ngauru  at  Rarotonga  and 
ahum  at  Tahiti,  while  hum  loses  the  r  and  appears  as  hu’u  in  the  Marquesas 
Group.  The  pronounced  nasal  ng  is  replaced  by  the  simple  n  sound  in 
Hawaiian  anahulu,  and  p  replaces  h  or  /  in  the  pulu  of  Indonesia  and 
other  areas.  A  more  striking  change  is  that  wherein  t  replaces  h  or  s,  as 
in  the  tangafulu  of  Aniwa.  The  vowel-changes  are  almost  confined  to  the 
prefixes,  but  fulu  appears  as  folo  in  Malagasi,  and  pulu  as  pulo  in  some 
far-western  isles.  The  common  prefix  nga  appears  as  ngo  at  Niue,  and 
hang  a  as  hongo ,  though  in  the  ongafulu  of  Indonesia  the  a  to  o  change 
is  confined  to  one  syllable,  the  first.  The  rongo  prefix  of  Mangareva  is 
remarkable  on  account  of  its  initial  letter,  almost  a  lone  example  of  this 
usage.  These  prefixes  present  a  singular  diversity  of  form,  and  their  value 
is  by  no  means  clear. 

We  will  now  locate  some  of  the  many  forms  of  the  term  under  dis¬ 
cussion,  commencing  with  huru  simply  because  that  seems  to  be  the  root 
of  the  New  Zealand  ngahuru.  We  have  no  means  of  ascertaining  the 
original  form  of  the  disyllabic  root,  though  it  seems  probable  that  it  was 
one  of  the  following  :  Puru,  huru ,  furu,  vulu. 

Huru. — We  find  this  simple  root  form,  carrying  no  prefix,  in  use  as  the 
common  word  for  ten  among  a  Maori  folk  dwelling  in  a  far  land,  the  isle 
of  Nukuoro,  or  Monteverde,  in  the  distant  Caroline  Group.  This  isle, 
which  lies  on  the  155th  parallel  of  east  longitude,  and  is  about  4  degrees 
north  of  the  Equator,  is  peopled  by  a  Polynesian  folk  who  speak  a  remark¬ 
ably  pure  dialect  of  the  racial  tongue,  closely  akin  to  that  of  the  Maori  of 
New  Zealand. 

Fulu . — This  form  appears  in  Indonesia  and  the  Philippine  Group  (see 
Journal  of  the  Polynesian  Society,  vol.  2,  p.  92).  It  changes  to  folo  in 
Malagasi.  A  curious  and  lone  form  appears  in  Samoa,  where  lua  fulu 
(two  fulu)  denotes  twenty,  and  therefore  one  would  naturally  expect  to 
find  the  prefixless  form  employed  to  denote  ten.  But  this  is  not  so,  for 
ten  is  expressed  by  sefulu  and  ngafulu,  and  lua  sefulu  is  another  term  for 
twenty.  In  all  other  multiples  of  ten  up  to  ninety  ngafulu  is  used  instead 
of  fulu  or  sefulu ,  as  in  lima  ngafulu  (five  tens).  The  use  of  the  prefixless 
form  fulu  in  one  multiple  only  bears  a  peculiar  and  unorthodox  appearance. 
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Pulu. — This  form  is  in  use  in  Malaysia  and  the  Philippines.  In  Java 
it  appears  without  any  prefix,  elsewhere  having  so  or  sang  a  as  a  prefix. 

<  ,  7  •  ,  •  •  '  •  '  .'*,*•  •  •  *51  | 

Prefixes. 

Ahum. — In  the  Society  Group  we  find  the  shortest  possible  form  of 
prefix  in  the  term  ahum.  The  k  and  ng  sounds  have  been  discarded  by 
that  dialect  since  the  ancestors  of  our  Maori  folk  left  that  region  for  New 
Zealand . 

Ngahuru . — This  form  of  the  far-spread  word  for  ten  was  employed  by 
the  Maori  of  New  Zealand  and  the  Maioriori  of  the  Chatham  Islands. 

Ngaum. — This  variant  is  peculiar  to  the  Cook  Islands,  where  the  aspirate 
has  been  dropped.  In  a  paper  published  in  volume  11  of  the  Journal  of 
tfie  Polynesian  Society , '  Mr.  J.  T.  Large  tells  us  that  the  old  term  for  ten 
in  the  Cook  Group  was  ngaungauru,  a  curious  and  cumbrous  form.  Takau 
was  used  for  twenty,  while  thirty  was  expressed  by  takau  ma  (and) 
raungauru ,  and  seventy  as  e  torn  (three)  takau  ma  (and)  raungauru. 
There  is  no  explanation  of  the  change  in  the  prefix  from  ngau  to  raw, 
and  one  wonders  if  a  misprint  has  occurred  in  the  case  of  the  former. 
Ngaum  is  still  in  use  for  ten  and  its  multiples. 

Angahuru. — This  is  reported  from  Easter  Island,  but  the  local  term 
there  seems  to  be  rendered  in  three  different  forms.  Cook  gave  it  as 
annahooroo. 

Hang  ahum. — This  also  appears  as  an  Easter  Island  term  in  a  vocabulary 
in  Churchill’ s  work  on  that  island,  while  hanahuru  is  in  use  at  the  (southern) 
Mortlock  Isles,  near  the  Solomon  Group,  and  at  the  Tasman  Islands,  twenty- 
five  miles  north  of  Lord  Howe  Island,  also  north  of  the  Solomons.  The 
form  hang  ahum  was  also  used  on  the  east  coast  of  the  North  Island  of 
New  Zealand,  for  old  men  of  the  Ngati-Awa,  Whakatohea,  and  Tuhoe 
Tribes  have  stated  that,  in  former  times,  they  used  ngahuru  for  ten,  tekau 
for  twenty,  and  that  thirty  was  expressed  by  tekau  ma  hangahuru,  another 
curious  change  of  prefix.  The  allied  forms  hangafulu,  sangafulu,  and 
sangavulu  are  met  with  in  the  New  Hebrides,  while  sangauru  and  sangapulu 
are  Indonesian  variants.  (See  Journal  of  the  Polynesian  Society,  vol.  2, 
p.  89  ;  vol.  5,  p.  218  ;  and  Wallace’s  Malay  Archipelago.)  Many  of  the 
forms  closely  connected  with'  hangahuru  are  found  outside  the  Polynesian 
area.  In  the  account  of  Cook’s  third  voyage  the  Maori  term  is  given 
as  angahourou,  while  the  Maioriori,  or  Mouriuri,  of  the  Chatham  Isles 
expressed  thirty  as  tekau  mea  ngahuru  (or  was  it  tekau  me  angahuru  ?) 

Ting  ahum. — This  variant  is  a  New  Zealand  form,  but  it  does  not  appear 
that  the  prefixed  ti  has  any  effect  on  the  value  of  ngahuru.  The  following 
example  was  given  by  a  first-class  native  authority  :  “  He  ting  ahum  ma  tahi 
nga  po  i  te  rerenga  mai  i  Irihia  ki  Tawhiti-nui  ”  (Eleven  nights  were  spent  in 
sailing  from  Irihia  to  Tawhiti-nui).  This  expression  was  still  in  use  among 
the  Tuhoe  Tribe  in  the  closing  years  of  last  century.  It  was  also  collected 
by  Dr.  Shortland  many  years  ago.  The  singahulu  of  Lord  Howe  Island, 
sinahuru  of  the  Mortlocks,  and  sinafulu  of  Melanesia  are  perhaps  the  nearest 
comparatives  to  this  form.  In  the  Rev.  Maunsell’s  diary  (in  the  Turnbull 
Library,  Wellington)  appears  the  term  tino  ngahuru  as  a  Maori  expression 
for  ten.  It  is  possible  that  tingahuru  is  an  abbreviation  of  this  form. 
(Compare  the  tino  angafulu  of  Samoa.) 

Sinahuru. — Occurs  at  the  Mortlocks,  near  the  Solomon  Group  ;  while 
singahulu  is  given  as  in  use  at  the  Lord  Howe  Islands. 
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Onohu’u. — In  this  form  we  note  two  peculiarities — the  vowel-change 
and  the  dropped  r  of  the  Marquesas  dialect,  at  which  group  the  above  form 
is  in  use.  The  number  thirty  is  expressed  by  tekau  onohu’u.  The  vowel- 
change  from  a  to  o  is  also  noted  in  Mangarewa,  Niue,  Tonga,  and  Indonesian 
forms. 

Rongouru. — The  Mangareva  form  of  the  word,  in  Eastern  Polynesia. 
Situated  as  it  is  between  ahuru  at  Tahiti  and  angahuru  at  Easter  Island, 
the  initial  letter  of  the  prefix  bears  a  foreign  aspect,  and  as  the  Marquesas 
dialect  has  lost  the  r  it  is  possible  that  the  Mangareva  word  is  connected 
with  that  tongue,  in  which  case  rongouru  is  probably  the  older  form.  These 
are  the  only  cases  in  Eastern  Polynesia  wherein  the  vowel  o  appears  in  the 
prefix  ;  it  is  not  again  encountered  until  we  reach  Niue. 

Anahulu. — A  Hawaiian  term  denoting  “  ten  days,”  but  in  old  chaunts 
it  appears  to  denote  the  number  ten,  and  must  have  been  so  employed  in 
past  times.  The  number  ten  is  now  expressed  in  Hawaiian  by  the  term 
umi,  which  is  the  Maori  kumi  (  =  ten  fathoms).  Mr.  C.  J.  Lyons  states 
that  anahulu  is  “  used  for  ten  as  we  say  a  dozen  for  twelve  ”  ( Journal  of 
the  Polynesian  Society ,  vol.  2,  p.  176).  The  interchangeable  nature  of  the 
semi-vowels  r  and  l  is  illustrated  in  this  Hawaiian  term. 

Ngafulu. — A  term  in  use  at  Samoa,  Funafuti,  and  also  at  Tikopia,  north 
of  the  New  Hebrides.  Our  root  word  now  assumes  the  form  oifulu,  which 
is  met  with  in  Western  Polynesia,  Melanesia,  and  Indonesia.  In  the  vocabu¬ 
lary  of  the  dialect  of  Tikopia,  a  lone  isle  of  Maori  speech  in  Melanesia,  compiled 
by  the  Rev.  W.  J.  Durrad,  we  note  that  fuangafuru  is  given  as  the  term 
for  ten,  but  twenty  is  denoted  by  rua  ngafulu  (two  tens).  A  further  state¬ 
ment  that  fua  is  a  prefix  that  multiplies  by  ten  the  subjoined  numeral 
somewhat  confuses  the  issue,  for  in  that  case  fuangafuru  would  denote 
one  hundred.  We  must  await  further  information.  Mr.  Tregear  tells  us 
that  tino  angafulu  is  used  to  express  ten  when  speaking  of  persons  at 
Samoa,  though  the  passage  is  not  very  clear  (see  Journal  of  the  Poly¬ 
nesian  Society ,  vol.  1,  p.  56).  He  thinks  it  probable  that  angahuru  and 
hangahuru  are  more  correct  forms  than  ngahuru ,  and  that  the  prefix  may 
be  a  causative. 

Pratt’s  Samoan  Dictionary  gives  us  tinoangafulu  =  ten,  in  speaking  of 
persons,  where  one  would  expect  to  find  tinongafulu.  In  this  case  the 
prefixed  tino  has  no  multiplying  effect,  but  in  other  cases  it  multiplies  the 
subjoined  numeral  by  ten — e.g.,  tinolua  =  twenty.  Another  Samoan  prefix 
to  numerals  is  to> a  ( =toka ),  which  is  employed  only  in  speaking  of  persons, 
and  either  precedes  tino ,  as  to ’ atinoangafulu ,  or  is  used  without  it,  as  in 
to’ asefulu.  Thus  the  Samoan  to’ a  {toka— the  apostrophe  shows  the  dropped  k) 
equals  Maori  toko ,  prefixed  to  the  digits  when  speaking  of  persons.  Thus 
we  find  half  a  dozen  different  forms  of  prefix  used  at  Samoa  in  connection 
with  the  local  root  form  fulu  ;  and  this  diversity  of  form,  together  with 
apparent  contradictory  usages,  may  possibly  be  accounted  for  by  the  fact 
that  the  group  has  been  populated  by  several  different  migrations,  which  intro¬ 
duced  several  modes  of  using  numerals.  We  have  already  seen  that  several 
different  forms  of  the  term  employed  for  ten  have  been  collected  on  some 
other  isles  and  groups.  In  such  a  group  as  the  New  Hebrides,  where  two 
languages  and  a  number  of  dialects  are  met  with,  those  discrepancies  are 
explainable,  but  in  small  communities,  as  that  of  Leuaniua  (Lord  Howe 
Group)  one  does  not  expect  to  find  them.  It  is  quite  possible  that  the 
collector  is  sometimes  at  fault.  In  his  work  on  Easter  Island,  Churchill 
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remarks  that  the  different  forms  of  the  local  term  for  ten  given  in  vocabu¬ 
laries  compiled  by  priests  is  probably  due  to  the  fact  that  many  of  such  men 
are  drawn  from  the  peasantry  of  northern  France  and  that  they  are  prone 
to  misuse  or  drop  the,  aspirate  in  such  word-lists,  after  the  manner  of  many 
English  folk. 

Hangafulu. — This  term  is  employed  at  Malekula,  in  the  New  Hebrides. 

Sangafulu. — A  term  used  at  the  Lord  Howe  Islands. 

Sangavulu. — A  form  employed  at  the  islands  of  Malo,  Santo,  and  Tangoa, 
New  Hebrides.  In  this  region  one  meets  with  several  dialects  on  one  island 
in  some  cases.  In  Fiji  eight  of  the  digits  are  true  Polynesian  forms,  and 
the  terms  for  nine  and  ten  are  Polynesian  words.  Ten  is  denoted  by  tini, 
a  word  meaning  “  many  ”  in  Maori  and  some  other  dialects.  But,  curiously 
enough,  we  meet  with  sangavulu  in  Fijian  multiples  of  ten,  as  rua  sangavulu 
(two  tens — i.e.,  twenty),  tolu  sangavulu  (three  tens),  &c. 

Tangafulu. — This  form  pertains  to  Aniwa,  New  Hebrides,  while  tangafuru 
is  used  at  Futuna,  in  the  same  group,  where  all  the  digits  are  Polynesian 
forms.  Tangafuru  also  occurs  in  Indonesia. 

Ngofulu. — Employed  at  Niue,  or  Savage  Island. 

Hongofulu. — Is  a  Niue  and  Tonga  term. 

Sefulu. — This  is  one  of  the  Samoan  forms,  as  already  noted.  The  pre¬ 
fixed  se  is  apparently  the  indefinite  article  “  a  ”  or  “  an.”  In  the  Maori 
ngahuru  the  prefixed  nga  equals  the  Maori  plural  article  “  the,”  as  nga  whare 
(=  the  houses),  though  it  does  not  follow  that  it  carries  that  signification 
as  a  prefix  to  huru,  for  it  may  be  a  contracted  form  of  the  disyllabic  pre¬ 
fixes  anga,  hanga,  &c.  In  the  word  tekau,  mentioned  above,  te  is  the  definite 
article  singular,  and  kau  a  word  meaning  “  collection  ”  or  “  assembly,” 
possibly  an  allusion  to  the  whole  of  the  fingers  and  toes.  Early  visitors  to 
New  Zealand  speak  of  seeing  natives  employing  both  fingers  and  toes  in 
counting.  The  acquired  habit  of  wearing  boots  would  soon  put  a  stop  to 
such  a  use  for  the  toes. 

Ongafulu,  sangapulu,  sangauru,  and  sopulu  are  Indonesian  variants  of 
the  far- travelled  term  for  ten,  while  sinafulu  is  met  with  in  Melanesia. 
Wallace  gives  sapulo  as  occurring  in  the  southern  part  of  Celebes  and 
Malaysia,  while  in  the  small  island  of  Enganho,  off  the  south-west  coast 
of  Sumatra,  the  term  for  ten  is  tahapulu.  These  islanders  possess 
a  quinary  system  of  numeration,  the  names  of  the  five  digits  closely 
resembling  those  of  Polynesia.  This  system  also  obtains  in  parts  of  the 
New  Hebrides ;  hence  a  dialect  of  Epi  has  lua  lima  (two  fives)  for  ten, 
thus  using  two  purely  Polynesian  words  to  uphold  a  Melanesian  system  of 
numeration. 

Another  peculiarity  noted  in  some  dialects  of  the  New  Hebrides  is  the 
clipping  of  a  final  vowel ;  hence  we  encounter  such  forms  as  sangabur  (at 
Malekula)  and  sanghul  or  sangul  (at  Ambryn),  both  terms  for  ten,  which  in 
their  entirety  would  be  sangaburu  and  sangulu. 

The  Term  “  Katoa 

At  Bellona  Isle,  south  of  the  Solomons,  we  again  meet  with  Polynesian 
numerals,  and  here  we  find  an  unusual  letter-change  from  r  or  l  to  ng. 
Thus  our  Maori  rua  (two)  or  Samoan  and  Hawaiian  lua  appears  as  ngua  at 
Bellona  ;  toru  (three)  or  tolu  appears  as  tongu,  and  our  ngahuru  as  anga- 
hungu.  The  term  katoa  (all)  is  also  applied  to  ten. 
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At  Rennell  Island,  a  little  way  east  of  Bellona,  we  find  the  names  for  the 
digits  are  almost  exactly  the  same,  but  ten  is  expressed  by  katoa  (all)  and 
twenty  by  katoa  hakangua  (Maori  whakarua).  The  word  ngima  means 
“five”  and  “hand.”  Nima  in  Tongan ;  rima  in  Tahitian,  Rarotongan, 
and  at  Aniwa ;  lima  at  Samoa,  Hawaii,  Futuna,  Sikayana,  &c.,  all  carry 
this  double  meaning  of  “hand”  and  “five,”  which  is  easily  followed 
to  Indonesia,  Formosa,  and  the  Philippines.  In  some  cases  a  difference 
is  observed,  as  in  Maori  rima  —  five,  and  ringa  —  hand  ;  also  in  Fijian 
lima  =  five,  and  linga  —  hand ;  but  it  seems  clear  that  the  art  of  counting 
throughout  the  Pacific  area  has  been  based  on  the  use  of  the  fingers  as 
counters,  hence  the  employment  of  the  word  katoa  (meaning  “  all,  the 
whole  ”)  to  denote  ten.  The  word  tekau  (twenty)  may  have  originated 
in  the  use  of  both  fingers  and  toes  for  the  above  purpose.  In  this  survey 
we  are  reminded  of  the  origin  of  our  term  “  digit,”  as  applied  to  numerals. 

At  Pukapuka,  or  Danger  Island,  east  of  the  Union  Group,  katoa  denotes 
ten,  while  at  Niutao  and  throughout  the  Ellice  Group  the  term  atoa  is 
employed. 

Unusual  Forms  of  Paumotu. 

We  have  seen  that  the  dialects  of  the  Maori  or  Polynesian  language  are 
spoken  by  certain  small  communities  far  away  in  Melanesia  and  Micronesia, 
also  that  the  Polynesian  numerals  have  a  still  wider  range.  In  like  manner 
we  find  a  foreign  or  intrusive  element  in  the  dialect  of  the  Paumotu  Group 
of  Eastern  Polynesia.  Here  we  encounter  some  strange  forms  among  the 
numerals,  such  as  rari  (one),  ite  (two),  keka  (five),  hene  (six),  hava  (eight), 
nipa  (nine).  Mika  also  denotes  five,  whilst  horihori  replaces  our  ngahuru, 
and  rari  takau  (one  takau)  =  twenty.  But  fifty  is  rendered  as  e  ite  takau  ma 
rauhura ,  wherein  rauhura  stands  for  ten,  though  it  does  not  appear  under 
R  in  the  vocabulary  (see  Journal  of  the  Polynesian  Society,  vol.  4).  Again, 
we  are  told  that  fourteen  is  expressed  by  ohuohu  ma  ope  ( ope  =  four),  wherein 
ohuohu  represents  ten,  but  is  not  given  in  the  vocabulary.  Numeration  in 
the  Paumotu  Group  appears  to  be  somewhat  mixed. 

The  Boot  Form  of  Ngahuru. 

Mr.  Fraser,  in  his  paper  on  the  Polynesian  numerals  (see  above-mentioned 
journal,  vol.  11,  p.  108),  states  that  the  Polynesian  fulu  (Maori  hum)  means 
“  the  whole  ”  ( i.e .,  of  the  fingers),  but  does  not  show  what  dialects  he  refers 
it  to.  Certainly  the  Maori,  Fijian,  Easter  Island,  Mangareva,  Samoan, 
Nukuoro,  and  Niue  forms  of  the  word  do  not  bear  such  a  meaning.  The 
meaning  of  the  root  word  has  certainly  not  been  made  clear.  Fraser  also 
states  his  belief  that  sangafulu  is  the  correct  form  of  this  far-spread  term, 
and  it  may  be  so  far  as  Melanesia  is  concerned,  but  who  may  say  what  the 
original  form  of  so  widespread  an  expression  may  have  been  ?  Fornander 
held  the  view  that  the  root  word  is  the  Polynesian  uru,  hum,  hulu,  fulu , 
meaning  “  hair,”  and  evolved  the  theory  that  hair  was  formerly  employed 
as  an  agent  in  counting.  This  is  ridiculed  by  Fraser,  and  with  some  reason, 
inasmuch  as  evidence  points  to  the  use  of  the  fingers,  or  fingers  and  toes, 
as  the  agents  employed,  even  as  our  word  “  calculate  ”  points  to  the  use 
of  pebbles  in  counting. 

Differing  Forms  of  Numeration. 

A  perusal  of  the  various  vocabularies  of  the  island  system,  and  of  such 
papers  as  have  been  written  on  the  systems  of  numeration  of  various  groups 
and  isles,  can  only  convince  the  reader  that  in  a  number  of  cases  a  certain 
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amount  of  confusion  existed  or  might  easily  be  caused.  We  have  seen 
this  in  the  case  of  the  Paumotu  Group,  where  both  the  decimal  and  vigesimal 
systems  seem  to  have  been  employed,  and  where  counting  in  fours  were 
also  practised.  Again,  we  know  that  both  the  single  and  binary  modes 
were  employed  hi  New  Zealand  and  elsewhere,  while  other  discrepancies 
and  irregularities  have  been  noted  in  the  foregoing  pages.  The  different 
terms  for  ten  in  Samoan  provide  another  illustration  of  lack  of  precision. 

The  counting  in  fours  alluded  to  above  seems  to  have  been  used  among 
the  Tuhoe  Tribe  of  Maori  when  tallying  such  small  birds  as  the  tui  and 
parakeet.  We  encounter  singular  oddities  in  numeration  throughout  the 
Polynesian  area.  Thus,  in  counting  eels,  the  Maori  folk  of  the  Waikato 
district  proceeded  as  follows  — 

44  eels  — -  one  kaui  or  tui  (string). 

5  kaui  =  220  eels  —  kotahi  rau  (one  hundred). 

10  kaui  =  440  eels  =  kotahi  mano  (one  thousand). 

Karaka  Tarawhiti,  of  Huntly,  states  that  in  counting  by  the  binary 


method  the  procedure  was  as  follows  : — 

Ka  tahi  pu  —  one  brace  2 

Ka  rua  pu  —  two  brace  . .  4 

Ka  torn  pu three  brace  . .  6 

&c. 

Ka  iwa  pu  =  nine  brace  .  .  18 


Ka  tekau  =  the  whole,  or  tally  .  .  20 

whereas  some  communities  employed  the  expression  ngahuru  pu  —  ten 
brace  =  twenty. 

As  to  the  value  of  the  prefixes  in  the  word  under  discussion,  but  little 
can  be  said.  The  nga  of  ngahuru  is  the  definite  article  plural  in  Maori,  but 
may  not  bear  that  meaning  in  that  position  ;  moreover,  we  have  the 
longer  form  hanga  in  some  cases.  The  se  of  the  Samoan  sejulu  also  repre¬ 
sents  the  indefinite  article  in  that  dialect,  but  in  many  cases  we  have  little 
or  no  data  on  which  to  base  an  examination  of  the  various  forms  of  prefixes 
noted  above.  Good  work  might  yet  be  done  in  the  Pacific  isles  in  the  way 
of  collecting  material  for  vocabularies  and  other  matter  pertaining  to  native 
customs  and  beliefs,  especially  in  the  isles  of  Melanesia. 

In  his  Primitive  Culture,  Professor  Taylor  has  much  to  say  concerning 
what  he  terms  “  hand  numerals  ”  or  “  digit  numerals.”  He  also  speaks 
of,  and  illustrates,  the  “philological  mystification”  caused  by  different 
systems  of  numeration  in  Polynesia.  Again,  he  remarks,  “  The  numerical 
systems  of  the  world,  by  the  actual  schemes  of  their  arrangement,  extend 
and  confirm  the  opinion  that  counting  on  fingers  and  toes  was  man’s  original 
method  of  reckoning,  taken  up  and  represented  in  language.  To  count  the 
fingers  of  one  hand  up  to  five,  and  then  to  go  on  with  a  second  five,  is  a 
notation  by  fives,  or,  as  it  is  called,  a  quinary  notation.  To  count  by  the  use 
of  both  hands  to  ten,  and  thence  to  reckon  by  tens,  is  a  decimal  notation. 
To  go  on  by  hands  and  feet  to  twenty,  and  thence  to  reckon  by  twenties, 
is  a  vigesimal  notation.  .  .  .  Pure  vigesimal  is  not  usual,  for  the 

obvious  reason  that  a  set  of  independent  numerals  to  twenty  would  be 
inconvenient,  but  it  takes  on  from  quinary,  as  in  Aztec  ...  or  from 
decimal,  as  in  Basque  [and  Maori]  .  .  .  the  childish  and  savage  prac¬ 

tice  of  counting  on  fingers  and  toes  lies  at  the  foundation  of  our  arithmetical 
science.” 
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THE  RELATIVE  EFFICIENCY  OF  COAL,  GAS,  AND 
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I.  Introduction. 

The  most  fundamental  problem  affecting  our  comfort,  health,  and  well-being 
is  fuel.  There  is  at  present  a  serious  shortage  of  coal,  with  an  increasing 
demand  for  it,  and  it  appears  unlikely  that  the  situation  in  this  respect 
will  ever  become  wholly  satisfactory,  since,  as  time  goes  on,  New  Zealand 
will  become  less  self-supporting  in  coal.  These  facts,  together  with  the 
slow  development  of  our  hydro-electric  power,  have  made  it  incumbent 
that  we  shall  take  stock  of  our  fuel  and  energy  resources  with  a  view  to 
economy  and  prevention  of  waste,  so  that  the  fullest  use  may  be  made  of 
such  fuel  as  is  available.  The  economic  aspect  of  the  question  has  so  far 
almost  entirely  been  neglected  in  the  Dominion — so  much  so  that,  for 
example,  there  is  no  legislation  governing  the  thermal  value  of  the  gas 
supplied  by  the  different  gas  companies. 

The  investigation  to  be  described  in  the  present  paper  had  for  its  object 
the  obtaining  of  data  relative  to  the  efficiency  of  different  fuels  when  used 
for  various  domestic  purposes.  The  question  will  be  treated  mainly  from 
the  consumer’s  point  of  view,  since  the  steady  increase  in  the  price  of  fuel 
has  made  necessary  a  consideration  of  how  economies  may  be  effected.  It 
is  also  hoped  that  the  information  may  be  useful  for  architects  when 
deciding  on  methods  of  heating,  for  example,  or  the  correct  placing  of  fire¬ 
places. 

It  may  perhaps  be  of  interest  at  the  outset  to  recapitulate  a  few  of  the 
more  elementary  terms  and  facts  concerning  heat  and  energy.  Heat  is 
generally  measured  either  in  British  thermal  units  (B.Th.U.)  or  in  calories. 
A  British  thermal  unit  is  the  amount  of  heat  required  to  raise  the  temperature 
of  1  pound  of  water  by  1°  Fahrenheit,  while  a  calorie  is  the  amount  of  heat 
required  to  raise  1  gramme  of  water  through  a  range  of  temperature  of  1° 
centigrade.  Since  1  lb.  =  454  grm.,  and  180°  F.  =  100°  C.,  it  follows  that 

1  B.Th.U.  =  100  =  252  calories. 

loO 

Heat  is  transferred  from  one  point  to  another  by  three  chief  methods — 
(L)  conduction,  in  which  heat-energy  is  handed  on  mechanically  from  one 
part  of  a  body  to  another  ;  (2)  convection,  which  is  the  transfer  of  heated 
fluids  by  motion  due  to  differences  of  density  caused  by  heat ;  (3)  radiation, 
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in  which  heat-energy  is  temporarily  stored  as  electro-magnetic  wave- 
vibrations  of  the  so-called  ether.  When  these  latter  vibrations  have 
frequencies  between  7-5  X  1014  and  3-8  X  1014  they  also  cause  the  sensation 
of  light. 

Energy  or  work  is  generally  measured  in  foot-pounds  or  ergs,  and  is 
convertible  into  heat,  the  ratio  of  work  to  heat  being  774  ft. -lb.  per  B.Th.U., 
or  4*18  X  107  ergs  per  calorie. 

Electricity  is  a  form  of  energy  which  is  particularly  easily  transformed 
into  either  energy  of  motion  or  energy  of  heat.  The  unit  of  electrical 
energy  is  the  watt. 

107  *239 

1  watt  =  107  ergs  =  — — - — -=  =  *239  calorie  =  — —  =  *00095  B.Th.U, 

&  4*18  X  107  252 

1  Board  of  Trade  unit  (B.O.T.  unit)  —  1  kilowatt-hour  =  *00095  X  3600 
X  1000  =  3,420  B.Th.U. 

Fuel  contains  stored-up  chemical  energy  which  can  be  liberated  as  heat 
on  complete  combustion  with  free  oxygen  or  with  oxygen  of  the  atmo¬ 
sphere.  Thus  the  best  coal  can  produce  on  complete  combustion  about 
14,500  B.Th.U.  per  pound,  or  8,000  calories  per  gramme.  A  few  calorific 
values  are  given  :  Best  coal,  14,500  B.Th.U.  per  pound  ;  good  dry  coke, 
13,000  B.Th.U.  per  pound  ;  State  coal  as  used  in  the  following  experiments, 
13,680  B.Th.U.  per  pound  ;  coal-gas  (normal  value),  500  B.Th.U.  per  cubic 
foot ;  coal-gas  (average  during  experiments),  450  B.Th.U.  per  cubic  foot. 

In  comparing  the  efficiencies  of  various  types  of  fuel  from  the  consumer's 
point  of  view  it  will  be  necessary  to  specify  the  price  per  unit.  In  this  paper 
the  retail  prices  ruling  in  Wellington  during  October,  1920,  will  be  taken. 
It  will  be  an  easy  matter  to  deduce  the  figures  for  other  basic  prices.  It 
will  be  convenient  to  express  the  figures  as  the  number  of  British  thermal 
units  which  it  is  possible  to  purchase  for  Id.  We  thus  obtain  the  following 
results  as  the  theoretical  thermal  units  to  be  purchased  for  Id. : — 


Theoretical  Heat-units  for  Id. 


Price  per  Unit. 

Calorific 

Value. 

B.Th.U. 
for  Id. 

Coal 

4s.  per  hundredweight 

13,680 

32,000 

Gas 

8s.  4d.  per  1,000  cubic  feet  .  . 

450 

4,500 

Electricity 

lfd.  per  B.O.T.  unit 

3,420 

2,280 

For  the  experiments  to  be  described  a  quantity  of  well-mixed  coal  was 
purchased  from  the  State  coal-depot,  and  Dr.  J.  S.  Maclaurin  (Dominion 
Analyst)  kindly  determined  for  us  the  calorific  value  of  an  average  sample. 
With  regard  to  gas,  some  ninety  determinations  of  calorific  value  were 
made  during  the  course  of  the  tests,  and  the  value  450  B.Th.U.  per  cubic 
foot  is  the  average  of  the  results. 

It  will  be  seen  from  the  above  table  that  Id.  will  buy  fourteen  times 
as  many  heat-units  from  coal  and  twice  as  many  from  gas  as  from  electricity 
at  the  rates  quoted.  These  figures  refer,  of  course,  to  heat-units  of  total 
thermal  capacity.  In  practice  the  various  fuels  will  be  used  at  an  efficiency 
depending  on  the  particular  appliance  used,  and  it  is  necessary  to  determine 
the  fraction  of  the  heat-units  which  is  usefully  employed. 
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II.  Tests  with  a  Shacklock  Range  (Orion). 

The  Shacklock  range  is  used  practically  universally  in  the  Dominion, 
and  so  its  description  here  is  hardly  necessary.  In  the  tests  the  fire  was 
lighted  with  a  weighed  quantity  of  coal  and  kindling-wood,  further  quantities 
of  the  former  being  added  at  regular  intervals.  From  the  total  quantity 
of  fuel  used  the  total  theoretical  heat  could  be  deduced.  This  heat  is  used 
as  follows  :  (a)  Given  to  the  hot-water  system,  (h)  to  the  oven,  (c)  to 
kitchen  utensils  on  the  top  of  the  range,  ( d )  emitted  as  heat  radiation, 
(e)  convected  by  the  air  in  contact  with  the  range,  ( f)  used  in  heating  the 
air  and  gases  escaping  in  the  flue,  (g)  used  in  heating  the  range  and  brick 
setting  and  conducted  through  the  back  of  the  range,  (h)  unused  owing  to 
incomplete  combustion. 

Hot-water  System. . — To  measure  the  heat  given  to  the  hot-water  system, 
a  continuous  flow  of  water  was  allowed  to  pass  through  the  boiler  and 
cistern,  the  temperature  of  the  ingoing  and  outflowing  water  being  measured 
at  intervals  throughout  the  whole  test.  The  rate  of  flow  was  also  measured, 
and  the  number  of  heat-units  given  to  the  system  obtained  by  integrating 
the  product  of  the  rate  of  flow  and  the  rise  in  temperature.  Two  different 
ranges  were  used,  and  several  tests  made  with  each  range,  the  period  of 
firing  and  test  varying  from  one  and  three-quarter  hours  to  ten  hours  in  the 
different  tests.  It  was  found  that  the  percentage  of  the  calorific  value  of 
the  coal  used  given  to  the  hot-water  system  in  this  way  varied  little  in  the 
different  tests,  the  mean  being  13  per  cent. 

Heat  given  to  the  Oven. — The  amount  of  heat  given  to  the  oven  can  be 
controlled  by  a  special  flue.  In  the  tests  the  flue  was  adjusted  so  that  the 
oven  should  receive  as  much  heat  as  possible.  For  high  efficiency  it  was 
found  that  a  good  rate  of  firing  was  necessary — about  6  lb.  per  hour. 

To  obtain  the  amount  of  heat  given  to  the  oven  shallow  baking-pans 
containing  water  were  placed  on  each  of  the  shelves,  so  as  to  use  as  much 
of  the  oven-space  as  possible.  The  heat  received  was  estimated  from  the 
amount  of  water  heated  to  100°  C.  and  the  amount  evaporated  during  the 
course  of  the  test.  It  is  difficult  to  devise  a  test  which  will  satisfy  all  the 
conditions  of  cooking  in  an  oven.  The  above  method  is  fairly  applicable 
to  stews,  but  the  temperature  attained  by  the  oven  is  considerably  less  than 
it  is  in  the  case  of  baking  or  roasting.  An  equally  valuable  test  would  have 
been  to  find  the  amount  of  coal  required  to  be  consumed  to  maintain  the 
oven  at  temperatures  such  are  used  in  the  various  cooking  operations. 
However,  as  will  be  seen  later,  the  above  method  gave  useful  information 
by  comparison  with  gas  and  electricity,  for  it  was  found  that  for  ordinary 
use  practically  the  same  relative  figures  are  obtained  by  either  test. 

The  average  result  obtained  was  that  4  7  per  cent,  of  the  total  heat- 
value  of  the  coal  was  given  to  the  oven.  By  specially  covering  the  top  of 
the  stove  with  a  layer  of  insulating- material  an  extra  J  per  cent,  efficiency 
could  be  obtained.  Probably  a  greater  increase  in  efficiency  would  result 
from  the  provision  of  a  lagged  and  polished  door  to  the  oven. 

Cooking -utensils  'placed  on  the  Top  of  the  Range . — This  test  was  carried 
out  at  the  same  time  as  tests  {a)  and  (6).  Several  pans  containing  water 
were  placed  on  the  top  of  the  stove,  and  the  amounts  of  water  heated  and 
evaporated  during  the  test  were  measured.  The  average  result  obtained 
was  that  a  maximum  of  8*5  per  cent,  of  the  heat- value  of  the  coal  was 
given  to  such  pans  and  kettles  placed  on  the  top  of  the  stove. 

Radiant  Heat  given  from  the  Stove.  —  An  exact  determination  of  this 
factor  is. somewhat  difficult,  and  only  an  approximate  result  was  obtained. 
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A  narrow  calorimeter,  8  in.  by  8  in.  by  1  in.,  was  constructed  of  polished 
tin,  with  one  face  covered  with  a  dead  black.  The  calorimeter  was  filled 
with  water  and  placed  successively  at  various  positions  near  the  stove,  with 
its  blackened  face  towards  it.  From  the  rate  at  which  the  temperature 
increased,  an  estimate  could  be  made  of  the  radiant  heat,  after  suitable 
corrections  for  cooling  and  an  integration  to  allow  for  the  distribution  of 
the  radiation.  With  the  blackened  stoves  used  it  was  found  that  about 
8  per  cent,  of  the  heat- value  of  the  coal  was  radiated. 

With  regard  to  convection  heat  an  estimate  is  more  difficult,  but. 
judging  from  various  recorded  experiments  with  other  types  of  apparatus, 
it  is  probable  that  about  10  per  cent,  is  thus  given  off. 

The  heat  contained  in  the  gases  escaping  up  the  flue  is  wasted  unless 
the  range  is  placed  against  an  inside  wall,  when  it  is  conducted  to  the  room 
behind  the  fire  again.  If  the  house  is  of  more  than  one  story  some  of  this 
heat  is  utilized  for  heating  the  upper  rooms.  The  average  temperature  of 
the  flue-gases  after  leaving  the  stove  is  about  180°  C.  It  is  probable 
that  under  good  conditions  15  per  cent,  of  the  heating- value  of  the  original 
coal  can  be  obtained  from  the  flue-gases  for  heating  various  parts  of  the 
house. 

Neglecting  the  heat  recoverable  from  flue-gases,  it  will  be  seen  that 
under  the  most  favourable  conditions  over  44  per  cent,  of  the  heat- value 
of  the  fuel  can  be  utilized.  Since  in  practice  the  various  parts  of  the 
range  are  not  generally  in  use  simultaneously,  the  percentage  of  heat 
usefully  employed  will  be  less  than  this  value,  and  may  be  reckoned  as, 
say,  25  per  cent,  under  good  conditions. 

III.  Comparison  of  Fuels  for  Oven  Cootung. 

The  question  of  the  amount  of  heat  given  to  material  placed  in  an  oven 
has  already  been  discussed  for  the  case  of  a  Shacklock  (coal)  range. 
A  similar  method  of  measurement  was  employed  in  the  cases  of  gas  and 
electricity. 

In  the  case  of  gas,  tests  were  made  in  two  ranges,  one  made  by  Fletcher 
Russell  and  the  other  by  the  Wellington  Gas  Company.  Cooking- tins 
containing  water  were  placed  on  the  shelves  of  the  oven,  and  after  a  suit¬ 
able  period  of  test  the  heat  given  to  the  water  was  determined  as  in  the 
case  with  a  Shacklock  range.  The  amount  of  gas  was  measured  by  a 
specially  calibrated  meter  kindly  supplied  by  the  Wellington  Gas  Company, 
and  the  calorific  value  was  obtained  by  a  Boy’s  calorimeter.  The  results 
were  sensibly  the  same  for  the  two  stoves,  and  varied  from  17  per  cent, 
to  39  per  cent,  according  to  the  number  of  vessels  placed  in  the  stove  and 
the  rate  of  consumption  of  gas.  Using  the  oven  at  practically  its  maximum 
capacity  and  normal  flow  of  gas,  we  may  take  the  figure  35  per  cent,  as 
giving  the  efficiency  under  conditions  comparable  with  those  used  for  the 
coal-range. 

Similar  tests  were  made  on  an  electric  oven.  The  “  hot-point  ”  oven 
illustrated  in  fig.  1  was  used. 

With  the  heaters  both  at  “  high  ”  the  efficiency  was  77  per  cent,  and 
very  consistent,  but  with  only  half  the  consumption  of  power  the  efficiency 
fell  to  66  per  cent. 

Comparing  the  three  types  of  heating,  we  thus  obtain  the  following 
values  for  the  number  of  British  thermal  units  actually  used  in  the  ovens 
for  Id.  It  may  be  mentioned  that  the  volumes  of  the  three  types  of  ovens 
were  practically  the  same. 
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Oven  Cooking. 


Theoretical 
B.Tli.U.  for  Id. 

Efficiency. 

B.Th.U.  in  Oven 
for  Id. 

Coal 

32,000 

Per  Cent. 

4-7 

1,500 

Gas 

4,500 

35 

1,575 

Electricity  .  . 

2,280 

75 

1,700 

The  figures  for  coal  in  the  above  table  are  for  continuous  oven  cooking 
for  a  period  of  a  few  hours.  Further,  the  figures  take  no  account  of  the 
cost  of  the  labour  and  cleaning  involved  in  the  use  of  the  various  fuels. 
Taking  the  latter  into  account,  it  must  be  concluded  that,  except  where  the 
coal-range  is  required  for  other  purposes  at  the  same  time,  it  is  more 


Fig.  1. — “Hot-point”  electric  oven. 


economical  and  easier  to  use  electricity  or  gas,  electricity  being  the  cheapest 
at  the  rates  quoted.  Moreover,  it  is  generally  accepted  that  cooking  by 
electricity  causes  less  loss  of  weight  by  shrinkage  of  meat  than  is  involved 
in  the  case  of  cooking  by  gas. 

Tests  were  made  also  on  the  cost  of  maintaining  the  interior  of  a  gas 
or  electric  oven  at  the  same  temperature,  and  the  results  were  as  follows  : — 


Temperature. 

Cost  per  Hour. 

Gas  at  8s.  4d. 

Electricity  at  1  Jd. 

d. 

d. 

355°  F.  =  180°  C. 

0-90 

F08 

520°  F.  =  270°  C. 

1-92 

F80 

18 — Science. 
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It  would,  of  course,  be  possible  to  reduce  the  figures  for  electricity  by 
improving  the  insulation  of  the  oven.  The  same  reduction  is  not  so 
easily  possible  in  the  case  of  gas,  as  a  draught  of  air  must  be 
kept  through  the  stove  to  consume  the  gas.  Heat  is  lost  by  the  out¬ 
flowing  gases,  the  higher  the  temperature  the  greater  being  the  loss  from 
this  cause. 


IV.  Comparison  of  Fuels  for  heating  Water  for  Baths,  etc. 

Tests  were  made  on  a  bathroom  calif ont  of  the  ordinary  type  shown 
in  fig.  2.  The  efficiency  for  ordinary  rates  of  flow  was  found  to  be  82 
per  cent.  This  is  a  high  efficiency,  but  there  appears  no  reason  why 
califonts  should  not  be  constructed  with  90  per  cent,  efficiency,  as  the 
only  serious  loss  of  heat  that  is  unavoidable  is  that  carried  away  by  the 


consumed  gas  and  air,  which  can  be 
reduced  to  the  temperature  of  the 
water  by  suitable  design,  with  cor¬ 
responding  increase  of  efficiency. 
With  the  califont  tested  the  tempera¬ 
ture  of  the  hot  water  was  160°  F. 

Heating  water  by  electricity  for 
immediate  use  could  obviously  be 
done  at  an  efficiency  of  nearly  100  per. 
cent,  by  immersion  heaters,  provided 
that  sufficient  current  were  available 
for  the  purpose.  A  heater  consuming 
10  kilowatts  would  be  required,  how¬ 
ever,  for  the  purpose — i.e.,  45  amperes 
at  220  volts  —  which  is  capable  of 
heating  about  1  gallon  of  water  per 
minute  from  60°  to  115°  F.  If 
cisterns  were  available  with  very  good 
heat-circulation  a  high  efficiency  could 
be  obtained  with  the  use  of  much 
smaller  power.  Such  a  system  could 
undoubtedly  be  used  to  utilize  the 
“  off  peak  ”  load,  in  the  case  of  a 
maximum-demand  rate  of  charging, 
for  example. 

We  thus  obtain  the  following  fig 
systems  : — 


Fig.  2. — Cas-califont  of  the  ordinary 
type. 


for  the  efficiency  of  hot- water 


— . — 

Efficiency. 

B.Th.U.  for  ]d. 

Per  Cent. 

Coal-range 

13 

4,200 

Gas-califont 

82 

3,700 

Electricity 

90 

2,050 
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The  figure  given  for  coal  involves  a  certain  amount  of  storage,  with 
consequent  insulation  losses  ;  but,  on  the  other  hand,  the  same  coal  would 
also  serve  for  other  purposes.  It  must  be  remembered  also  that  the  same 
efficiency  would  not  be  obtained  for  a  single  bath,  for  example,  and  when 
this  and  the  labour  are  taken  into  account  it  would  appear  that  a  gas- 
califont  is  the  most  economical  for  heating  bath-water,  except  where  this 
is  required  in  great  quantity,  when  one  of  the  special  water- jacketed  coal 
or  coke  furnaces  used  in  heating  buildings  will  certainly  prove  most 
economical. 

V.  Comparison  of.  Fuels  for  Kitchen  Cooking. 

Under  this  heading  will  be  considered  the  heating  of  water  in  kettles 
.and  pans  for  tea-making,  stewing,  washing  dishes,  &c.  Gas  is  at  present 
very  generally  used  for  this  purpose,  either  by  a  single  ring  burner  or 


Fig.  3. — The  “  Magic  ”  kettle  and  “  Perfection  ”  oil-stove. 


on  one  of  the  ring  burners  on  the  top  of  an  ordinary  gas-stove.  The 
efficiency  of  these  burners  varies  somewhat  according  to  the  distance 
of  the  jets  from  the  bottom  of  the  kettle  or  pan,  on  the  regulation  of 
the  air-supply,  and  on  the  size  and  nature  of  the  base  of  the  pan  or 
kettle  used. 

In  the  tests  the  burners  were  adjusted  to  approximate  maximum 
efficiency,  and  a  thin  copper  kettle  was  chosen,  which  gave  a  high 
efficiency,  although  experiments  with  thin  aluminium  pans  of  the  same 
size  of  base  gave  practically  identical  figures.  Experiments  were  also 
made  with  a  special  kettle  recently  placed  on  the  market  under  the 
trade  name  of  “  Magic.”  This  kettle  is  illustrated  on  its  side  in 
fig.  3  along  with  a  “  Perfection  ”  stove.  The  essential  feature  of  the 
kettle  is  that  it  gives  a  large  heating-surface  completely  surrounding 
the  hot  gases  from  the  flame,  and  also  a  brisk  circulation  of  water 
past  the  heated  surface.  The  kettle  is  somewhat  .  complicated  in 
its  construction,  however,  and  repairs  are  likely  to  be  much  more 
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expensive  than  with  an  ordinary  kettle.  The  results  obtained  were  as 
follows : — 


Ring  Burner. 

Top  of  Ordinary  Gas-stove. 

Bars  on. 

Bars  removed. 

Copper  kettle  . . 

“  Magic  ”  kettle 

Per  Cen\ 

50 

Per  Cent. 

32 

Per  Cent. 

53 

70 

54 

75 

The  last  two  columns  refer  to  the  iron  bars  stretched  across  the  top  of 
the  stove  for  mechanical  support  of  the  kettle,  &c.  The  figures  in  the  last 
column  were  obtained  by  removing  these  bars  from  above  the  burner  and 
providing  suitable  insulated  support  for  the  kettle.  The  results  show  that 
in  the  cases  of  the  two  stoves  experimented  on  these  bars  dispose,  by 
conduction  and  radiation,  of  20  per  cent,  of  the  heating- value  of  the 
gas,  and  that  without  them  the  kettle  would  boil  in  over  30  per  cent, 
less  time,  with  corresponding  economy  of  gas.  It  must  be  admitted 
that  both  the  stoves  tried  were 
bad  in  this  respect,  one  having- 
bars  in.  by  Jin.  and  1#J  in. 

apart.  It  can  be  calculated  that 
the  annual  saving  in  Wellington 
by  attention  to  this  part  of 
design  would  be  of  the  order  of 
£15,000. 

Experiments  were  also  made 
with  a  special  kitchen  califont 
illustrated  in  fig.  4.  With  average 
rates  of  flow  the  efficiency  of  the 
device  was  about  58  per  cent., 
showing  that  such  an  arrangement 
is  well  worth  installing  in  an 
average  household  from  economical 
considerations  of  both  fuel  and 
labour. 

With  regard  to  electrical 
heating  for  kitchen  use,  heating-  Fig.  4. — Kitchen  califont. 

elements  of  high  current  -  con¬ 
sumption  are  required  both  for  convenience  and  full  efficiency.  On 
the  other  hand,  tests  showed  that  an  efficiency  of  75  per  cent, 
could  be  obtained  with  a  grill  heater,  and  90  per  cent,  with  immersion 
heaters. 

Experiments  were  made  also  using  an  ordinary  “  Perfection  ”  oil-stove, 
as  illustrated  in  fig.  3.  The  consumption  of  kerosene  by  the  stove  was 
observed,  and  the  heat  given  to  kettles  measured.  In  the  case  of  a 
“  Perfection  ”  stove  the  £'  Magic  ”  kettle  mentioned  above  gave  an  efficiency 
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3-7  times  that  of  an  ordinary  kettle.  This  is  an  astonishing  result,  due  to 
the  largely  increased  heating-surface. 


Price  per  Unit. 

Efficiency. 

B.Th.U. 
for  Id. 

Cost  of  heating 
2  Quarts  Water 
from  66°  F.  to 
Boiling-point. 

Per  Cent. 

d. 

Coal 

4s  per  hundred¬ 
weight 

8-5 

2,700 

0-28 

Gas 

8s.  4d.  per  1,000 
feet 

50-0 

2,250 

0-34 

Electricity 

ljd.  per  unit 

75-0 

1.700 

0-45 

Kerosene  (ordinary 
kettle) 

£1  9s.  per  case  of 
8J  gallons 

540 

1-40 

Kerosene  (“  Magic  ” 
kettle) 

Ditto  . . 

•  • 

1,950 

0-39 

As  in  the  previous  cases,  the  figures  for  coal  are  for  continuous  use  over 
a  few  hours,  although  the  same  range  is  also  fulfilling  other  functions. 

On  the  whole,  when  labour  is  taken  into  account,  it  would  appear  that 
with  a  well-designed  stove  gas  is  the  most  economical  of  the  fuels  for  the 
above  purposes. 

VI.  Comparison  of  Fuels  for  Heating  of  Rooms. 

Although  we  made  certain  preparations  for  tests  on  the  heating  of  rooms, 
such  as  sitting-rooms,  these  were  discontinued,  as  the  question  has  been 
very  completely  dealt  with  by  Dr.  Margaret  White  Fishenden*  in  a  report, 
an  advance  copy  of  which  we  were  fortunate  enough  to  obtain.  This  report 
describes  extensive  tests  of  the  radiant  efficiency  of  coal  burnt  in  various 
types  of  grates.  Different  grates  gave  efficiencies  of  from  20  to  24  per 
cent,  for  good  cobble  coal,  and  showed  no  advantage  in  favour  of  the 
modern  grate. 

Different  grates,  however,  were  found  to  throw  the  maximum  radiant 
heat  in  different  directions,  the  most  efficient  grate  from  this  point  of  view 
being  shown  in  fig.  5,  and  the  distribution  of  radiation  from  it  in  figs.  6  and  7. 
In  the  latter  diagrams  the  radius  vector  drawn  from  the  fire  to  the  curve 
gives  the  amount  of  radiation  in  that  direction.  The  various  curves  are 
for  different  orientations. 

The  efficiencies  of  the  grate  shown  in  the  figure  for  various  fuels  may 
be  summarized  as  follows  :  Coal,  24  per  cent,  radiant  efficiency  ;  slack 
•coal,  20  per  cent.  ;  anthracite,  27  per  cent.  ;  dry  coke,  26  per  cent.  ;  damp 
coke,  21  per  cent.  ;  low-temperature  carburization  coke,  33  per  cent. 

Three  practical  deductions  arise  from  the  tests,  as  follows  :  (1)  Every 
grate  should  be  provided  with  an  easily  adjustable  register  for  controlling 
the  draught,  this  being  placed  about  1  ft.  above  the  opening  of  the  chimney  ; 
(2)  grates  should  be  as  little  recessed  as  possible  ;  and  (3)  fireplaces  should 
always  be  placed  against  an  inner  wall.  With  proper  draught-regulation 
.and  a  fireplace  against  an  inner  wall  an  additional  35  per  cent,  of  the 
ieating-value  of  the  fuel  can  be  used  for  actual  heating  of  the  house. 


*  The  Coal  Fire,  Fuel  Research  Board  of  Great  Britain  Special  Report  No.  3,  H.M. 
Stationery  Office,  4s.,  1920. 
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With  regard  to  gas-fires  a  great  variation  is  shown  in  the  results  of 
various  experimenters,  depending  on  the  type  of  fire  used.  A  good  modern 
gas-fire,  however,  properly  regulated  gives  45  per  cent.*  radiant  efficiency 
and  5  to  10  per  cent,  convection  heat.  An  electric  radiator,  on  the  other 
hand,  gives  up  the  whole  of  its  heat-energy  to  the  room  as  radiant  and 
convection  heat  in  proportions  depending  on  the  type  of  radiator  employed. 

We  may  summarize  as  follows  for  the  sum  of  radiant  and  convection 
heats  : — 


— 

Efficiency. 

B.Th.U.  for  Id. 

* 

Coal  . .  . 

25 

8,000 

Gas 

52* 

2,350 

Electricity 

100 

2,280 

2; 

o 


c n 


Fig.  6. 


Fig.  5. — An  efficient  type  of  open  grate. 

Fig.  6. — This  and  fig.  7  show  the  distribution  of  the  radiation  from  coal-fires  in  the 
grate  shown  in  fig.  5  over  the  surface  of  an  imaginary  hemisphere  of  radius  34-4  in., 
with  its  centre  at  the  centre  front  of  the  fire.  Fig.  6,  vertical  distribution. 

Fig.  7. — Horizontal  distribution  (see  explanation  of  fig.  G). 


"  See  Bone,  Callendar,  and  Yates,  Proc.  Roy.  Soc.,  Ser.  A,  vol.  91,  pp.  245-54,  1915. 
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It  will  be  seen  that,  neglecting  the  question  of  labour,  coal  is  three  and 
a  half  times  more  economical  than  either  gas  or  electricity.  The  economic 
advantage  is  still  further  increased  if,  by  draught-regulation  and  a  suitably 
placed  fire,  advantage  can  be  taken  of  the  heat  conducted  to  other  rooms 
from  the  flue. 

As  regards  gas  and  electricity,  if  we  consider  the  greater  convenience 
and  labour-saving  of  the  latter  it  is  probably,  on  the  whole,  slightly  more 
economical.  Sufficient  power,  however,  must  be  available  to  heat  a  room 
rapidly,  and,  in  general,  1  to  1-5  watts  per  cubic  foot  of  space  must  be 
provided,  depending  on  climatic  conditions  and  on  the  number  of  outside 
walls  of  the  particular  room. 

VII.  Efficiency  of  various  Methods  of  Lighting. 

Tests  were  made  of  the  cost  of  lighting  by  gas,  electricity,  &c.,  and, 
although  these  tests  were  not  so  exhaustive  as  might  be  desirable,  yet  the 
results  are  conclusive  indication  of  the  superiority  of  electricity  for  lighting 
purposes,  apart  altogether  from  the  economy  of  the  latter  as  regards  labour. 
The  results  are  as  follows  : — 


Source. 

Price. 

Cost  per  Mean  Hori¬ 
zontal  Candle-power 
per  Hour. 

Electricity 

ljd.  per  unit 

d. 

0*0015 

Electricity 

6d.  per  unit 

0-006 

Gas  (Welsbach) 

8s.  4d.  per  1,000  cubic  feet  .  . 

0-015 

Kerosene 

3s.  per  gallon 

0-04 

Candles 

Is.  4d.  per  pound 

0-195 

In  the  case  of  electricity  the  figures  are  based  on  an  efficiency  of  1  watt 
per  candle-power.  So-called  “  half-watt  ”  lamps  of  less  than  100  watts 
generally  average  about  0-85  watt  per  candle-power,  while  vacuum-type 
lamps  are  generally  about  1*6  watts  per  candle-power. 

In  the  case  of  gas,  a  fair  average  upright  Welsbach  mantle  was  used. 
The  cost  per  candle-power  hour  for  a  batswing  burner  is  about  twenty-five 
times  that  for  a  Welsbach  mantle,  depending  on  the  amount  of  air  in  the 
gas.  It  is  worthy  of  note  that  a  report  of  the  Institution  of  Gas  Engineers 
states  that  incandescent  gas-mantles  with  low-pressure  gas  require  under 
best  conditions  27*5  B.Th.U.  per  candle-power  hour.*  This  would  corre- 
27.5 

spond  to  cubic  feet  per  candle-power  hour,  or  0-006d.  It  appears, 

therefore,  that  we  could  have  obtained  a  more  efficient  burner. 

The  candle-power  measurements  in  the  above  experiments  were  referred 
to  a  special  incandescent  electric-lamp  standard  compared  by  the  National 
Physical  Laboratory  with  the  International  standard.  The  figure  for 
kerosene  was  obtained  from  tests  on  two  medium-sized  kerosene-lamps  of 
5  candle-power.  No  doubt  a  more  extensive  and  careful  selection  may  have 
revealed  a  more  efficient  lamp,  but  the  figure  given  is  a  fair  indication  of 
average  conditions. 


*  See  D.  Clerk  and  Professors  Smithells  and  Cobb,  Report  to  the  Institute  of  Gas 
Engineers  on  Goal-gas  and  Electric-supply  Industries  of  the  United  Kingdom,  1919. 
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VIII.  Efficiency  of  Power-production. 


Before  discussing  the  general  significance  of  the  foregoing  figures  it  is 
of  interest  to  compare  the  efficiencies  of  the  various  fuels  for  power  purposes. 
The  production  of  power  from  coal  or  gas  is  both  theoretically  and  prac¬ 
tically  a  very  inefficient  transformation,  since  so  much  of  the  heat  is  rendered 
“  unavailable  ”  for  this  purpose,  as  it  is  necessarily  wasted  by  being  given 
to  the  condenser-water.  The  most  efficient  super-power  stations  in  the 
world  consume  1  lb.  of  good  coal  per  horse-power  hour.  The  average  for 
the  largest  and  most  efficient  stations  in  New  Zealand  is  over  3  lb.  per  horse¬ 
power  hour,  while  the  smaller  and  less  efficient  plants  consume  from  10  lb. 
to  20  lb.  per  horse-power  hour.  If  we  consider  a  small  workshop,  requiring 
about  50  to  100  horse-power,  we  may  take  10  lb.  per  horse-power  hour  as 
a  fair  figure,  seldom  attained.  This  corresponds  to  an  efficiency  of 


33000  X  60 
10  X  13680  X  774 


X  100  =  1  *87  per  cent. 


Using  gas  in  a  plant  of  such  an  output,  probably  an  efficiency  of  6  per  cent, 
could  be  obtained. 

Comparing  the  various  fuels  for  power-production  under  the  conditions 
stated,  we  obtain— 


Price. 

Efficiency. 

Power  for  Id. 

Heao  units. 

Horse -power 
Hours. 

Coal  . . 

£4  per  ton 

Per  Cent. 

1-87 

600 

0-235 

Gas  .  . 

8s.  4d.  per  1,000  feet 

6 

270 

0-105 

Electricity* 

IJd.  per  unit 

85 

1,850 

0-72 

The  exact  efficiencies  of  coal  and  gas  for  power-production  may  be  a 
matter  of  discussion  according  to  circumstances,  but  there  can  be  no  doubt, 
at  the  rates  quoted,  of  the  considerably  greater  economy  of  electricity. 
Moreover,  when  convience,  labour,  and  initial  cost  of  plant  are  taken  into 
account,  the  evidence  is  overwhelmingly  in  favour  of  electricity. 

It  may  be  argued  that  coal  is  initially  used  in  the  city  or  town  generating* 
station  for  the  production  of  power,  which  in  turn  is  transformed  into 
electricity  and  distributed.  Each  of  the  transformations  involves  loss, 
and  it  would  thus  appear  that  the  direct  generation  of  power  should  be 
more  economical.  Yet,  on  the  whole,  because  of  the  higher  efficiency 
possible  with  a  larger  centralized  plant,  and  the  relatively  smaller  running- 
expenses  per  horse-power,  it  will  in  most  towns  be  more  economical  to 
apply  the  power  through  the  medium  of  electricity. 


IX.  Summary  and  General  Considerations. 

It  will  be  seen  from  Sections  I  and  YI  that  coal,  whether  used  in  a  Shack- 
lock  range  or  open  grate,  gives  off  as  useful  heat  in  an  average  family -house 
about  25  per  cent,  of  its  calorific  value.  Averaging  the  figures  for  gas  and 


*  Although  the  price  quoted  for  electricity  is  the  power  rate  in  Wellington,  and 
may  increase  unless  a  more  efficient  plant  is  installed,  it  appears  a  reasonable  price  to 
expect  when  hydro-electricity  becomes  available. 


1921.]  Marsden  and  Fenton. — Coal,  Gas,  and  Electricity. 


269 


electricity  given  in  Sections  II  to  Y,  we  obtain  the  percentages  55  and  85 
respectively.  We  thus  obtain  for  all-round  use  for  heating  and  cooking  : — 


Price  per  Unit. 

Average 

Efficiency 

Useful  B.Th.U. 
for  Id. 

Coal 

4s.  per  hundredweigh  t 

Per  Cent. 

25 

8,000 

Gas 

8s.  4d.  per  1,000  feet 

55 

2,475 

Electricity 

ljd.  per  unit 

85 

1,850 

Thus  gas  is  over  three  times  and  electricity  over  four  times  more  expensive 
for  general  domestic  purposes  than  coal. 

These  figures  disregard  the  labour  involved  in  the  use  of  the  various 
fuels.  This  factor  is  a  variable  one  for  each  familv  and  each  set  of  con- 
ditions.  We  have  seen  that  for  baths  a  good  gas-califont  is  probably  the 
most  economical ;  for  oven  cooking,  electricity  ;  for  general  kitchen  use, 
coal  or  gas  ;  for  the  main  living-room,  coal ;  for  the  other  rooms  of  the 
house,  gas  or  electricity.  With  regard  to  power  and  light,  there  can  be 
no  doubt  of  the  greater  economy  of  electricity. 

We  have  so  far  dealt  with  the  subject  from  the  consumer’s  point  of 
view  only,  but  it  is  equally  necessary  to  consider  the  question  from  the 
national  point  of  view.  The  coal  situation  is  very  unsatisfactory.  Accord¬ 
ing  to  the  Director  of  Geological  Survey,  at  the  present  and  projected  rate 
of  consumption  the  total  mineable  coal  in  New  Zealand  is  only  sufficient 
for  less  than  a  hundred  years.  We  shall,  therefore,  become  more  and  more 
dependent  on  our  imports  for  coal  unless  an  efficient  and  sufficient  substitute 
can  be  found.  The  national  necessity  for  conservation  of  coal  is  thus  evident. 
From  this  point  of  view  we  may  compare  the  useful  heat  derived  directly 
from  coal  or  indirectly  from  gas  and  coke  for  domestic  purposes,  using  the 
efficiencies  of  the  various  products  given  in  the  previous  sections. 


Thermal  Efficiencies  of  Carburizing  Gas-coal  in  a  Year's  Working  (1913)  : 
Average  for  Two  Metropolitan  Gas  Companies  A 


Efficiency 
of  Use. 

Heat 

actually 

used. 

'Gas  sold 

TT  ,  ,  ,  Gas  loss 

Heat  content]  „  n  ,, 

Coke  sold 

\Tar 

Heat  used  and  lost  in  manufacture 

Per  Cent. 

24-0 

1*5 

40-0 

5-5 

29-0 

Per  Cent. 
55 

25 

Per  Cent. 

13-2 

10-0 

Total  . . 

100-0 

23-2 

Initial  coal  used  at 

25 

25 

*  Taken  from  the  Report  to  Institute  of  Gas  Engineers  .  .  .  cited  previously. 
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We  see  from  the  figures  in  the  accompanying  table  that  heat  obtained 
directly  from  coal  or  indirectly  from  gas  and  coke  involves  about  the  same 
initial  destruction  of  coal.  In  the  latter  case,  however,  there  are  valuable 
by-products.  Moreover,  future  gas  practice  may  be  expected  to  become 
more  efficient. 

We  next  come  to  the  consideration  of  how  far  our  hydro-electric  resources 
will  influence  the  problem.  The  total  developable  water-power  in  the 
Dominion  is  probably  of  the  order  of  3,000,000*  continuous  horse-power,, 
or  6,000,00  horse-power  on  a  50-per-cent,  load  factor.  Moreover,  there  are 
possibilities  of  power-generation  from  the  various  thermal  regions.  At 
present,  however,  electric  power  is  developed  in  New  Zealand  equivalent 
to  only  about  horse-power  per  head,  and  the  basis  of  the  Government’s 
scheme  is  only  J  horse-power  per  head  of  population.*)*  This  latter  figure 
means,  for  example,  the  provision  of  one  ordinary  three-bulb  radiator 
continuously  running  for  each  family  of  five  persons,  with  no  power  left 
over.  Thus  there  is  little  hope  of  hyro-electricity  providing  in  the  imme¬ 
diate  future  more  than  a  fraction  of  the  Dominion’s  fuel  necessities. 

We  are  thus  in  a  position  of  possessing  limited  supplies  of  coal  and 
electricity,  and  the  question  arises  as  to  how  to  make  the  best  use  of  these 
limited  quantities.  We  have  seen  that  electricity  is  transformed  into  power 
with  85  per  cent,  efficiency  of  transformation.  We  have  also  shown  that 
coal  is  transformed  into  heat  with  over  ten  times  the  efficiency  of  its  trans¬ 
formation  into  power  in  fairly  small  plants.  Further,  lighting  by  electricity 
is  more  economical  than  lighting  by  gas.  It  thus  follows  that  our  hydro¬ 
electric  resources  should  first  of  all  be  used  for  power  and  light,  and  the 
surplus,  if  any,  used  for  cooking.  Our  coal  should  be  used  for  heating, 
either  directly  or  through  the  medium  of  gas  and  coke.J  Hydro -electricity 
should,  therefore,  as  it  becomes  available,  be  used  for  lighting  for  factories 
and  for  power  for  suburban  railways  ;  and  in  order  that  there  may  be  a 
large  surplus  for  domestic  use  its  development  should  be  expedited  as  much 
as  possible.  Assuming  5  lb.  of  coal  per  horse-power  hour,  it  can  be  calculated 
that  60,000  continuous  horse-power  of  hydro-electricity  would,  if  wholly 
applied  as  power,  take  the  place  of  over  1,000,000  tons  of  coal  per  year — 
nearly  half  the  total  amount  used  in  New  Zealand  each  year. 

In  conclusion,  we  wish  to  thank  Mr.  L.  Birks,  B.Sc.,  Chief  Electrical 
Engineer  to  the  Public  Works  Department,  for  suggesting  the  problem, 
and  the  New  Zealand  Institute  for  transmitting  to  us  a  research  grant  from 
the  Government  to  meet  the  expenses  in  connection  with  the  investigation. 


*  New  Zealand  Official  Year-book ,  1914,  p.  657,  where  estimates  are  given  of  all 
sources  of  power  over  1,000  horse-power. 

f  Public  Works  Statement,  N.Z.  Parliamentary  Paper  D.-l ,  1920. 
j  A  further  extension  of  this  argument  indicates  that  even  at  present  we  should 
conserve  our  coal  until  such  time  as  it  is  more  valuable  owing  to  shortage,  and  use 
imported  coal. 
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NEUROPTEROID  INSECTS  OF  THE  HOT  SPRINGS 
REGION,  NEW  ZEALAND,  IN  RELATION  TO  THE 
PROBLEM  OF  TROUT-FOOD.* 

By  R.  J.  Tillyard.  M.A.,  D.Sc.,  F.L.S.,  F.E.S.,  Macleay  Fellow,  Linnean 

Society  of  New  South  Wales. 

On  arrival  at  Auckland  from  Sydney  on  the  5th  November,  1919,  I  was 
met  by  Mr.  D.  Miller,  Government  Entomologist,  and  Mr.  H.  Hamilton, 
Zoologist  to  the  Dominion  Museum,  and  proceeded  with  them  to  Rotorua,, 
where  I  met  Mr.  Moorhouse,  in  charge  of  the  fish-hatchery  in  Lake  Rotorua, 
and  Mr.  W.  Hill,  Resident  Agent  of  the  Tourist  Department.  All  these 
gentlemen  offered  me  every  assistance  in  carrying  out  my  investigations, 
and  I  desire  to  thank  them  very  sincerely  for  their  aid.  I  had  also  the 
advantage  of  seeing  a  manuscript  preliminary  report  by  Mr.  W.  J.  Phillipps, 
of  the  Dominion  Museum,  who  is  studying  the  endemic  and  introduced  fish 
faunas  of  the  lakes  of  the  Hot  Springs  region,  and  a  published  report  on 
New  Zealand  Fresh-water  Fisheries  by  Mr.  L.  F.  Ayson,  Chief  Inspector  of 
Fisheries. 

Three  weeks  were  spent  in  the  Hot  Springs  region,  the  following  being 
the  itinerary  : — 

Nov.  7-10  :  Rotorua.  Visited  Te  Wairoa,  Whakarewarewa,  and  por¬ 
tions  of  the  lake. 

Nov.  11-17  :  Te  Wairoa  and  Lake  Tara  we  ra. 

Nov.  18-19  :  Rotorua.  Visited  Fairy  Spring,  Hamurana  Spring, 
Lake  Rotoiti,  and  Okere  Rapids. 

Nov.  20-21  :  Wairakei  and  Taupo. 

Nov.  22-26  :  Tokaanu. 

Nov.  27  :  Lake  Roto-Aira. 

Nov.  28  :  Waimarino. 

It  was  hoped  that  a  return  visit  might  have  been  arranged  later  in  the 
season  (February)  in  order  to  see  the  other  lakes  and  streams  of  this  region, 
and  to  study  the  insects  in  the  height  of  summer.  Circumstances,  how¬ 
ever,  made  it  impossible  to  carry  out  this  plan. 

The  work  done  in  the  field  may  be  divided  into  two  parts  : — 

(i.)  Examinations  of  the  contents  of  trout-stomachs. 

(ii.)  Collection  of  the  larvae  and  imagines  of  neuropteroid  insects  from 
the  streams  and  lakes. 

(i.)  The  Contents  of  Trout-Stomachs. 

An  examination  of  a  considerable  number  of  trout-stomachs  during 
the  month  of  November  showed  a  great  diversity  of  food  eaten.  The  green 
manuka-beetle,  Pyronota  festiva,  was  found  to  be  the  most  abundant  food. 
This  beetle  visits  the  manuka-bushes  fringing  the  lakes  and  streams,  and 
frequently  falls  or  is  blown  off  into  the  water,  when  it  is  at  once  seized  and 
swallowed  by  the  trout.  Next  in  importance  to  this  were  found  to  be  the 


*  This  report  was  prepared  at  the  request  of  the  New  Zealand  Government,  and 
has  been  published  in  the  Proceedings  of  the  Linnean  Society  of  New  South  Wales, 
vol.  155,  part  2,  26th  May,  1920,  pp.  205-213. 
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larvae  of  the  caddis-flies  of  the  family  Leptoceridae,  which  form  their  cases 
of  the  green  weed  Nitella.  The  stomachs  of  a  number  o'f  trout  were  found 
to  be  filled  with  this  green  weed,  which  on  being  placed  in  a  basin  of  water 
was  seen  to  consist  entirely  of  caddis-fly  cases,  many  of  the  larvae  being 
still  alive  within  the  trout’s  stomach.  Another  important  food  was  a  small 
mollusc,  Potamopyrgus  sp.,  of  which  no  less  than  140  were  counted  in  the 
stomach  of  a  “  slab  ”  taken  at  Rotorua.  Other  foods  found  less  commonly 
were  the  larvae  of  dragon-flies,  may-flies,  stone-flies  and  the  other  families 
of  caddis-flies,  occasional  remains  of  the  crayfish,  small  fish,  and  a  number 
of  insects  of  various  kinds  which  may  be  considered  to  have  no  definite 
value  as  trout-food,  being  only  chance  captures. 

Besides  these,  it  is  important  to  note  that  some  trout-stomachs  were 
found  containing  nothing  but  pebbles,  and  several  were  quite  empty. 

A  considerable  number  of  the  trout  examined  were  definitely  “  slabs.” 
The  slabby  condition  appeared  to  be  due  not  only  to  the  usual  poor  health 
of  the  fish  for  some  months  after  spawning  had  taken  place,  but  more 
definitely  to  both  semi-starvation  and  indigestion.  It  was  not  surprising 
to  find  that  fish  with  their  stomachs  empty,  or  filled  with  pebbles  only, 
were  in  poor  condition.  But  there  were  also  cases  in  which  the  slabby 
condition  appeared  to  have  been  caused  by  the  indigestibility  of  the  food. 
In  one  case  the  large  claws  of  a  crayfish  were  found  fixed  inside  the 
stomach  of  a  trout  in  such  a  way  as  to  block  the  passage  of  other  food  ; 
and  they  had  evidently  been  there  a  considerable  time,  seeing  that  all  the 
rest  of  the  animal  had  been  completely  digested.  This  led  me  to  conclude 
that  the  crayfish  is  only  a  good  food  for  trout  when  it  is  of  not  too  large  a 
size.  Consequently  the  introduction  of  any  larger  or  more  vigorous  species 
of  crayfish  than  the  one  endemic  in  the  region  ought  not  to  be  encouraged. 

(ii.)  The  Neuropteroid  Fauna  of  the  Streams  and  Lakes. 

The  neuropteroid  insects  inhabiting  the  streams  and  lakes  of  the  Hot 
Springs  region  may  be  divided  into  six  orders,  three  of  which  belong  to  the 
more  primitive  division  of  the  winged  insects — viz.,  those  that  have  no 
true  pupa  or  resting  stage  (Hemimetabola),  and  three  belong  to  the  more 
highly  evolved  division,  possessing  a  true  pupal  stage  (Holometabola). 
They  may  be  classified  as  follows  : — 

Division  Hemimetabola  (winged  insects  without  a  true  pupal  or 
resting  stage). 

Order  1.  Perlaria,  or  stone-flies. 

Order  2.  Plectoptera,  or  may-flies. 

Order  3.  Odonata,  or  dragon-flies. 

Division  Holometabola  (winged  insects  possessing  a  true  pupal 
stage). 

Order  4.  Megaloptera,  or  alder-flies. 

Order  5.  Planipennia,  or  lacewings. 

Order  6.  Trichoptera,  or  caddis -flies. 

(Note. — The  scorpion-flies,  order  Mecoptera,  are  not  represented  in 
the  region  under  discussion.) 

Of  the  six  orders  enumerated  we  may  omit  from  the  discussion  Order  5 
(lacewings),  whose  larvae  are  either  terrestrial  or  else  lurkers  along  the  moist 
borders  of  streams.  They  attack  the  larvae  of  the  other  orders  which  are 
of  value  as  food  for  trout.  Thus,  in  so  far  as  they  affect  the  problem  at  all, 
they  act  detrimentally  to  the  food-supply.  But  they  are  exceedingly  rare 
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in  the  Hot  Springs  region,  and  were  found  by  me  in  only  two  localities — 
viz.,  Hamurana  Spring,  and  the  waterfall  at  Waihi,  near  Tokaanu. 

Order  4  (alder-flies)  is  represented  in  New  Zealand  by  only  a  single 
species,  Archichauliodes  dubitatus ,  an  insect  of  large  size,  whose  fat,  succulent 
larva  is  found  under  rocks  in  streams,  and  forms  excellent  food  for  trout. 
This  larva  is  called  the  “  black  creeper,”  or  sometimes  the  “  toe-biter.” 
Though  very  abundant  in  most  parts  of  New  Zealand,  it  appears  to  have 
been  exterminated  by  the  trout  in  most  parts  of  the  Hot  Springs  region, 
though  it  is  still  fairly  abundant  on  the  Tongariro  River  and  tributaries. 

The  other  four  orders— stone -flies,  may-flies,  dragon-flies,  and  caddis- 
flies — are  of  the  greatest  importance  as  trout-food,  and  we  have  to  consider 
them  in  somewhat  greater  detail. 

The  Stone-flies. 

These  insects  confine  themselves  to  running  water,  preferring  rocky 
streams  with  a  fairly  fast  current.  Their  larvae  live  on  rocks  and  stones, 
where  they  wander  freely  in  search  of  food.  The  perfect  insects,  or  imagines, 
are  sluggish,  and  seldom  fly,  preferring  to  sit  about  on  the  vegetation  over¬ 
hanging  the  streams.  Nevertheless  they  frequently  fall  into  the  water, 
and  are  eagerly  seized  by  the  trout.-  Both  larvae  and  imagines  are  soft- 
bodied  insects  with  a  plentiful  supply  of  fat,  and  form  an  ideal  and  easily 
digested  food  for  trout. 

Except  along  the  Tongariro  River  and  its  tributaries,  where  the  stone - 
fly  fauna  is  still  abundant,  these  insects  are  very  rare  in  the  Hot  Springs 
region  ;  and  it  is  very  clear  that  they  have  been  greatly  reduced  in  number 
by  the  trout. 

The  large  green  stone -fly,  Stenoperla  prasina,  generally  abundant 
throughout  New  Zealand,  and  one  of  the  best  of  trout-foods,  was  only  to 
be  found  in  streams  above  high  waterfalls,  where  trout  were  absent.  It 
has  been  almost  completely  annihilated  in  the  Hot  Springs  region. 

The  black  stone -fly,  Austroperla  cyrene ,  the  most  abundant  stone-fly 
throughout  New  Zealand,  has  likewise  been  almost  eliminated  by  the  trout. 
A  colony  of  larvae  was  discovered  at  the  extreme  head  of  one  of  the  small 
streams  at  Hamurana.  There  are  also  a  few  larvae  left  here  and  there  in 
the  Tongariro  River. 

Of  the  slender  stone-flies  (family  Leptoperlidae)  a  number  were  found  on 
the  Tongariro  River  and  its  tributaries.  Some  of  these  are  new  to  science, 
and  will  be  described  later.  But,  generally  speaking,  it  may  be  said  that 
these  valuable  flies,  like  the  rest  of  the  Perlaria,  are  on  the  verge  of 
extinction  in  the  Hot  Springs  region. 

It  would,  I  think,  be  well  within  the  mark  to  estimate  that  more  than 
80  per  cent,  of  the  original  stone-fly  fauna  of  the  region  has  already  been 
destroyed  by  the  trout. 

The  May -flies. 

These  insects  inhabit  both  streams  and  lakes.  In  all  parts  of  the 
world  they  form  one  of  the  most  important  articles  of  diet  for  the  trout. 
Both  the  larvae  and  the  imagines  are  soft-bodied  and  easily  digested.  In 
the  Northern  Hemisphere,  where  the  evolution  of  the  mav-flies  has  taken 
place  alongside  that  of  the  native  trout,  the  larvae  have  resorted  to  many 
cunning  devices  in  order  to  escape  their  rapacious  enemies.  Those  of  the 
larger  species  mostly  burrow  into  the  banks  of  streams,  and  thus  secure 
immunity  from  attack  ;  while  the  smaller  forms  hide  under  rocks  and 
stones,  and  evade  attack  by  their  quick-running  powers.  Thus  the  trout 
only  secure  the  may-flies  in  their  winged  stages  (subimago  and  imago). 
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In  New  Zealand  the  native  may-fly  fauna  has  been  evolved  without 
exposure  to  the  attacks  of  rapacious  fish  such  as  the  trout.  There  is  only 
one  large  species  whose  larva  burrows  into  the  river-bank — viz.,  Ichthybotus 
hudsoni  ;  and  it  is  clear,  for  many  reasons,  that  this  may-fly  did  not  evolve 
this  habit  in  New  Zealand,  but  migrated  thither  long  after  the  adoption 
of  it.  All  the  rest  of  the  large  may-flies,  forming  together  a  magnificent 
fauna  unequalled  in  any  other  part  of  the  world,  have  evolved  little  or  no 
protective  habits  against  such  a  fish  as  the  trout.  The  larvae  of  Onisci- 
gaster,  one  of  the  finest  may-flies  in  the  world,  sit  about  on  rocks  or  on 
the  gravelly  bottoms  of  streams,  and  when  attacked  they  only  wriggle  for¬ 
ward  like  a  shrimp.  Consequently  they  have  become  an  easy  prey  to  the 
introduced  trout,  which  gorged  themselves  for  some  years  on  this  large 
supply  of  choice  food.  This  magnificent  genus  is  now  quite  extinct  through¬ 
out  the  Hot  Springs  region,  and  also  in  the  streams  around  Christchurch, 
though  still  to  be  found  here  and  there  in  out-of-the-way  places  in  both 
Islands.  Another  fine  genus,  Ameletus,  has  larvae  capable  of  quicker  move¬ 
ment,  and  is  therefore  still  fairly  abundant  in  most  parts  of  New  Zealand. 
But  these  larvae  are  also  on  the  verge  of  extinction  in  the  Hot  Springs 
region.  I  did  not  discover  a  single  Ameletus  larva  throughout  my  investi¬ 
gations,  though  I  caught  a  fine  imago  of  a  new  species  belonging  to  this 
genus  above  the  high  waterfall  at  Waihi,  near  Tokaanu,  where  trout  are 
absent.  A  third  may-fly  genus  of  great  importance  is  Coloburiscus.  The 
larvae  have  a  certain  amount  of  protection  against  the  trout,  owing  to  their 
bizarre  form,  their  gills  being  arranged  so  that  they  look  like  a  small  piece 
of  tangled  moss  or  weed.  They  are  very  sluggish,  and  hide  under  rocks 
and  stones  in  running  water.  Coloburiscus  humeralis  is  one  of  the  most 
abundant  may-flies  in  New  Zealand  ;  yet  it  has  been  practically  eliminated 
from  all  parts  of  the  Hot  Springs  region,  except  only  on  the  Tongariro 
River  and  its  tributaries,  and  on  those  small  streams  where  trout  are  absent, 
from  some  cause  or  other,  such  as  the  intervention  of  a  high  waterfall,  as 
at  Wahi. 

Besides  the  larger  may-flies  mentioned  above  there  are  two  genera 
of  smaller  may-flies,  Atalophlebia  and  Deleatidium,  containing  numerous 
species  which  are  very  abundant  all  over  New  Zealand.  The  larvae  live 
under  rocks  and  stones  in  streams  and  lakes,  and  are  fairly  active.  Most 
of  them  are  vegetable-feeders,  but  a  few  are  carnivorous.  A  number  of 
species  of  these  genera  were  collected,  some  of  them  new  to  science.  These 
latter  will  be  described  later.  Throughout  the  Hot  Springs  region  a  very 
considerable  diminution  of  the  supply  of  the  small  may-flies  is  noticeable  ; 
and  this  cannot  fail  to  exercise  a  serious  effect  upon  the  future  of  the 
trout. 

To  sum  up  the  position,  we  may  say  that  the  largest  may-flies,  which 
form  the  very  finest  possible  food  for  trout,  have  been  practically  exter¬ 
minated,  while  the  smaller  forms  have  been  reduced,  at  a  moderate  estimate, 
bv  over  50  per  cent. 

The  Dragon-flies. 

New  Zealand  is  poor  in  species  of  dragon-flies,  but  most  of  them  are 
common.  Seven  species  are  found  very  commonly  throughout  the  Hot 
Springs  region.  Of  these  the  largest  ( Uropetala  carovei)  is  of  no  importance 
as  trout-food,  the  larva  dwelling  in  holes  in  the  moss  and  peat  of  swamps. 
The  larvae  of  the  bright-red  Diplacodes  bipunctata ,  dwelling  in  still  back¬ 
waters,  may  also  be  left  out  of  account.  The  larvae  of  the  other  five  were 
all  found  by  me  in  the  stomachs  of  trout,  the  most  frequently  occurring 
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being  those  of  Procordulia  smithii,  P.  grayi,  and  Xanthocnemis  zelandica. 
No  doubt,  later  on  in  the  season,  the  trout  would  also  feed  upon  the 
imagines,  as  in  Tasmania. 

In  certain  parts  of  New  Zealand  I  found  dragon-fly  larvae  to  be  the 
principal  food  of  the  trout.  In  the  Hot  Springs  region  the  trout  seem  to 
have  considerably  diminished  the  number  of  larvae,  and  they  do  not  form 
so  important  an  article  of  diet,  perhaps  because  they  are  more  protected 
by  their  peculiar  coloration  and  habits  than  are  some  other  aquatic  insect 
larvae,  such  as  those  of  may-flies.  It  seems  clear  that  their  numbers  have 
been  much  decreased  since  the  trout  were  freed  in  these  lakes  and  rivers, 
although  I  am  unable  to  estimate  this  reduction  as  clearly  as  in  the  cases 
of  stone-flies  and  may-flies. 

The  Caddis- flies. 

Observations  in  other  parts  of  the  world,  as  well  as  in  other  parts  of 
New  Zealand,  show  that  caddis-fly  larvae  form  one  of  the  most  important 
-articles  of  diet  for  the  trout.  Most  of  these  larvae  construct  cases  for 
themselves  out  of  weeds,  sticks,  sand,  or  small  pebbles  ;  and  one  would 
imagine  that  such  habits  as  these  would  serve  as  efficient  protection  for 
them.  But  this  is  not  the  case.  The  trout  know  well  the  habits  of  the 
caddis  larvae.  They  watch  carefully  for  any  suspicious  movement  amongst 
the  weeds,  sticks,  &c.,  that  strew  the  bottoms  of  the  lakes  and  streams, 
and  they  pounce  upon  the  larvae  and  swallow  them  whole  in  their  cases. 
The  substance  of  the  case  is  usually  indigestible  ;  but  the  larvae  itself  is 
.a  succulent,  fat  morsel,  and  an  excellent  food  for  the  fish.  Those  most 
sought  after  are  the  elongated,  more  or  less  cylindrical  cases  of  the 
Leptoceridae  and  Sericostomatidae,  the  former  usually  made  from  weeds, 
pieces  of  leaves  or  sticks,  the  latter  from  grains  of  sand  or  a  thin  trans¬ 
parent  substance  secreted  by  the  larva  itself.  In  the  Leptoceridae,  the 
genera  Notanatolica,  Triplectides ,  and  Oecetis  are  abundant  throughout 
New  Zealand  ;  in  the  Sericostomatidae  the  same  is  true  of  Olinga  and 
Pycnocentria.  Throughout  the  Hot  Springs  region  the  trout  have  most 
seriously  diminished  the  number  of  these'  and  other  caddis-flies.  Only 
two  species  now  remain  at  all  common — viz.,  Oecetis  unicolor,  whose  larva 
is  still  common,  feeding  in  the  green  Niiella  beds  in  the  lakes,  and  Hydro- 
psyche  colonica,  whose  larvae  form  fixed  houses  of  small  pebbles  attached 
to  rocks.  This  latter  species  still  exists  in  great  numbers  in  such  places 
as  the  Okere  Rapids,  where  the  rush  of  water  is  too  swift  for  the  trout  to 
search  for  it.  Its  comparative  absence  in  other  parts  is  strong  evidence 
of  the  reduction"  of  the  caddis  fauna,  due  to  the  trout. 

The  most  striking  instance  of  the  almost  complete  loss  of  the  original 
rich  caddis  fauna  is  afforded  by  the  condition  of  Te  Wairoa  Stream, 
flowing  into  Lake  Tarawera.  Except  in  the  rough  water  below  the  falls, 
where  no  trout  exist,  it  is  almost  impossible  to  obtain  any  caddises  in  the 
.stream.  But  a  short  distance  off  there  is  a  much  smaller  stream,  rising 
from  a  hill  near  the  lake.  This  stream  has  been  dammed  off  by  boards, 
and  the  water  drawn  off  close  to  its  exit  into  the  lake  by  a  force-pump. 
No  trout  pass  up  this  small  stream.  On  examining  it  I  found  that  it  was 
swarming  with  caddis  larvae  under  every  stone  and  stick,  and  upon  the 
gravelly  bed  and  sides  of  the  stream  these  little  creatures  were  most 
abundant.  Yet  a  day’s  search  in  Te  Wairoa  Stream  yielded  far  less  than 
I  was  able  to  pick  out  in  the  course  of  ten  minutes  in  this  tiny  stream  a 
mile  away  from  it. 
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It  would  not  be  overestimating  the  depredation  caused  by  the  trout 
amongst  the  caddis  fauna  of  the  Hot  Springs  region  if  the  loss  were  put 
at  90  per  cent,  of  the  orignial  fauna. 

JThe  State  of  the  Insect  Food-supply. 

My  survey  of  the  insects  of  the  Hot  Springs  region  quickly  convinced 
me  that  the  balance  of  nature  has  been  completely  upset  by  the  intro¬ 
duction  of  the  trout.  By  comparison  with  the  state  of  affairs  in  most 

parts  of  the  South  Island,  where  the  fauna,  though  seriously  reduced  in 

many  places,  is  usually  found  to  be  more  abundant  than  it  is  in  this 
region,  it  appears  certain  that  the  rainbow  trout  has  had  a  greater  share 
in  the  eating-out  of  the  insect  fauna  than  has  the  slower  and  less  greedy 
brown  trout.  The  history  of  the  trout-fisheries  of  the  region  may  be 
briefly  stated  as  follows  : — 

(i.)  Before  the  introduction  of  the  trout  the  rivers  of  New  Zealand 
swarmed  with  an  aquatic  insect  fauna  as  abundant  as  that  to 

be  found  in  any  part  of  the  world.  The  lakes  carried  a  less 

abundant  fauna  of  fewer  species. 

(ii.)  The  great  majority  of  these  insects,  having  evolved  to  their  present 
state  without  the  stimulus  of  the  predatory  action  of  any  rapa¬ 
cious  fish,  possessed  no  means  of  defence  against  the  trout  when 
they  were  introduced. 

(iii.)  The  introduced  trout,  and  especially  the  rainbow,  gorged  them¬ 
selves  at  leisure  upon  the  rich  food  ;  so  that,  in  the  course  of 
a  few  years,  trout  of  record  size  were  being  caught,  and  the 
fisheries  obtained  a  world- wide  reputation. 

(iv.)  No  scientific  attempts  have  been  made  to  conserve  or  renew  the 
food-supply.  On  the  contrary,  the  only  idea  seemed  to  be  to 
put  in  more  and  more  fry. 

(v.)  As  soon  as  the  food-supply  began  to  fail  some  of  the  trout  became 
weakened,  “  slabbiness  ”  became  noticeable,  and  disease  in  the 
form  of  thread- worm  and  fungoid  growths  appeared.  There  is 
also  considerable  evidence  of  actual  starvation  of  trout  in  certain 
streams. 

(vi.)  Some  attempts  have  been  made  of  late  years  to  reduce  the  number 
of  trout  by  netting  and  trawling.  These  efforts  may  be  said  to 
have  brought  about  some  slight  improvement  in  the  condition 
of  the  fish.  At  the  same  time,  the  destruction  of  shags  has 
diminished  the  prevalence  of  the  thread- worm  (of  which  the 
shag  is  said  to  be  the  intermediate  host).  But  the  disease  is 
by  no  means  stamped  out,  and  most  certainly  requires  further 
careful  study. 

The  present  position  of  the  trout-fisheries  of  the  Hot  Springs  region  is 
that  there  is,  throughout  most  of  the  region,  not  enough  food  for  the  trout 
present.  Many  of  the  streams,  especially  those  in  which  the  fish  spawn 
regularly,  are  almost  totally  “  eaten  out,”  and  the  amount  of  food  in  the 
lakes  is  woefully  deficient.  The  only  part  of  the  region  in  which  the  state 
of  affairs  can  be  described  as  at  all  hopeful,  so  far  as  my  investigations  go, 
is  the  Tongariro  River  and  its  tributaries,  where  the  supply  of  food  is 
still  fairly  abundant. 

One  might  sum  up  the  position,  somewhat  caustically,  by  comparing  it 
with  that  of  a  grazier  who  put  10,000  head  of  cattle  into  a  very  rich 
1,000-acre  paddock,  left  the  animals  to  feed,  and,  when  the  food-supply 
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began  to  fail,  prepared  to  remedy  it  by  putting  in  a  fresh  supply  of  calves 
every  year,  without  making  any  attempt  to  improve  the  impoverished 
food-supply ! 

Recommendations. 

It  is  clear  that  improvements  in  the  trout-fisheries  of  the  Hot  Springs 
region  can  be  effected  along  two  distinct  lines' — viz.,  improvement  of  the  food- 
supply  and  reduction  in  the  number  of  trout.  No  considerations  of  the 
attractions  to  tourists  or  anglers,  from  a  superabundant  supply  of  trout, 
should  be  allowed  to  cloud  the  main  issue,  which  is  this  :  that,  unless  a 
natural  balance  can  be  brought  about  between  the  introduced  trout  and  the 
food-supply ,  the  fisheries  are  sooner  or  later  doomed  to  failure. 

With  regard  to  the  improvement  of  the  food-supply,  the  position  is  at 
present  a  very  serious  one,  in  so  far  that  the  balance  has  been  so  greatly 
upset  that  no  measures  for  the  introduction  of  fresh  types  of  food  can  be 
expected  to  succeed  unless  such  food  is  most  carefully  protected  until 
it  becomes  well  established.  It  is  therefore  necessary  to  adopt  at  once 
measures  which  will  not  only  help  to  conserve  the  remnant  of  the  food-supply 
still  existing,  but  will  also  give  the  aquatic  fauna  a  chance  of  multiplying 
and  approximating  towards  its  original  abundance.  To  bring  this  about 
I  would  make  the  following  recommendations  : — 

1.  A  badly  impoverished  stream  should  be  selected,  and  should  be 
completely  blocked  by  means  of  specially  designed  trap-nets,  so  as  to 
prevent  any  trout  passing  up  it  to  spawn  ;  also,  any  trout  at  present  in  it 
should  be  taken  out.  Aquatic  insects  should  then  be  introduced  from  neigh¬ 
bouring  small  streams  where  no  trout  exist  ( e.g .,  such  parts  of  streams  as  lie 
above  high  waterfalls),  and  a  careful  record  kept,  by  means  of  annual  or 
biennial  visits,  upon  the  process  of  the  aquatic  insect-life  in  the  stream. 
I  estimate  that  it  will  take  at  least  three  years ,  possibly  five,  for  such  an 
impoverished  stream  to  return  to  its  original  condition.  If  at  the  end  of 
two  or  three  years  it  becomes  evident  that  the  aquatic  fauna  is  increasing, 
steps  should  then  be  taken  to  block  off  in  the  same  way  each  spawning- 
stream  in  turn  ;  so  that,  in  any  given  year,  there  will  be  only  certain 
streams  open  to  the  trout  for  spawning,  while  the  rest  will  be  given  a 
chance  of  recuperation.^ 

For  this  purpose  I  would  recommend  either  of  the  following  two 
streams  : — 

(a.)  Te  Wairoa  Stream,  from  the  waterfall  to  the  outlet  of  Lake 
Tarawera.  (There  is  an  abundant  supply  of  aquatic  insects  in 
the  small  creek  on  the  left-hand  side  of  the  road  leading  down 
to  the  wharf,  about  a  mile  from  Te  Wairoa  Stream.) 

(b.)  Tokaanu  Stream.  (Aquatic  insects  are  abundant  in  the  small 
streams  around  Waihi,  two  miles  away.) 

In  both  cases  the  nature  of  the  river-bed  (pumice)  and  frequency  of 
flood  water  make  it  impossible  to  block  the  stream  by  means  of  stake  or 
pile  nets.  I  would  therefore  recommend  that  the  nets  be  strung  on  strong 
supports  driven  into  the  banks,  and  that  their  lower  ends  should  hang 
freely  into  the  stream,  and  carry  lead  weights  at  short  intervals.  The 
accompanying  diagrams  show  the  type  of  net  to  be  used. 

If  at  the  end  of  three  years  there  is  no  sign  of  the  native  aquatic  insect 
fauna  reasserting  itself  I  would  recommend  that  an  attempt  be  made 
to  introduce  the  English  “  green  drake  ”  may-flv  (Ephemera  danica),  or 
such  other  species  as  are  known  to  be  of  great  value  aj  food  for  trout. 

19 — Science. 
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These  could  be  set  free  in  the  larval  condition  in  the  streams  selected  as  a 
sanctuary  under  recommendation  2  following  this  below. 

2.  It  is  of  the  greatest  importance  that  one  lake,  together  with  the 
streams  flowing  into  it,  should  be  set  aside  as  a  sanctuary  for  the  natural 
food-supply.  Most  unfortunately,  this  aspect  of  the  question  was  not 
considered  when  the  stocking  of  the  streams  with  trout  was  undertaken. 
The  result  is  that  there  is  at  present  no  lake  in  the  Rotorua  district 
which  does  not  contain  trout.  In  the  Taupo  district,  an  undertaking 
was  given  by  the  Government  to  the  Maoris  that  Lake  Roto-Aira  should 
be  kept  free  from  trout.  Unfortunately,  trout  were  surreptitiously  intro¬ 
duced  into  this  lake  two  years  or  more  ago,  and  have  grown  to  a  considerable 
size.  Roto-Aira  is  at  present  the  only  possible  lake  that  could  be  main¬ 
tained  as  a  sanctuary. 


* 


A.  Double  trap-net  with  leaded  bottoms,  suitable  for  river  with  unstable  pumice-bed, 

and  set  so  as  to  catch  trout  running  down-stream. 

B.  The  same  net  set  with  two  extra  pairs  of  steel-rope  braces,  so  as  to  catch  trout 

running  up-stream. 

The  arrows  indicate  the  courses  taken  by  the  trout. 

N.B. — The  nets  should  be  so  designed  that  plenty  of  slack  is  allowed  for  above  the 
leaden  weights,  so  that  if  a  flood  washes  the  pumice  bottom  out  the  slack  will 
allow  the  net  to  sink  without  lifting  the  weights  from  the  bottom. 
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I  would  therefore  recommend  that  this  lake,  together  with  all  streams 
flowing  into  it,  and  the  Pouto  River  flowing  out  of  it,  to  within  a  mile  of 
its  entry  into  the  Tongariro  River  (or  to  such  point  as  will  be  suitable  for 
the  erection  of  nets  to  prevent  access  of  trout),  should  he  proclaimed  as  a 
sanctuary  for  the  native  aquatic  fauna ,  and  that  immediate  steps  should 
be  taken  to  eliminate  from  this  area  any  of  the  trout  that  were  surrepti¬ 
tiously  introduced. 

3.  Following  upon  2,  steps  should  be  taken  to  have  an  exhaustive 
scientific  survey  made  of  the  natural  trout-food  existing  within  the  bounds 
of  the  sanctuary,  and  experiments  made  with  a  view  to  improving  it. 
I  think  this  could  be  done  by  erecting  a  small  biological  station  in  a  con¬ 
venient  locality  near  the  sanctuary  lake,  and  either  placing  it  under,  the 
charge  of  a  competent  biologist,  or  else  affording  facilities  for  leading 
scientists  to  visit  the  station  and  study  the  fauna.  In  this  connection 
I  should  like  to  point  to  the  Cass  Biological  Station,  which  is  under  the 
charge  of  Professor  C.  Chilton,  and  is  owned  by  Canterbury  College,  as 
an  excellent  example  of  what  can  be  accomplished  in  this  direction  at  a 
very  moderate  cost. 

With  respect  to  methods  for  reducing  the  number  of  trout,  I  would 
point  out,  in  particular,  that  oversized  fish  are  a  serious  menace  to  the 
success  of  a  trout-fishery,  because  they  not  only  consume  far  more  food  than 
do  their  equivalent  weights  of  smaller  fish,  but  they  also  take  possession 
of  the  best  feeding-grounds,  prevent  the  younger  fish  from  obtaining  an 
adequate  food-supply,  and  frequently  themselves  make  inroads  upon  the 
smaller  trout.  With  the  maximum  possible  native  food-supply,  a  New 
Zealand  fishery  ought  not  to  be  expected  to  produce  anything  beyond  a  steady 
and  assured  supply  of  reasonable- sized  fish ;  and  it  should  be  one  of  the 
chief  aims  of  a  scientific  directorate  to  produce  this  very  desirable  result. 
Consequently  means  must  be  devised  not  only  for  reducing  the  general 
very  obvious  conditions  of  overstocking  in  the  lakes  which  I  visited,  but 
also  for  removing  “  pirates  ”  and  over-sized  fish  wherever  possible. 

4.  A  more  vigorous  policy  of  netting  the  trout,  either  by  the  use  of 
trawlers  or  small  launches,  on  Lakes  Taupo,  Rotorua,  and  Tarawera  The 
money  realized  by  the  sale  of  such  trout,  either  fresh  or  smoked,  should  be 
devoted  to  objects  which  might  further  the  scientific  study  and  direction 
of  the  fisheries— as,  for  instance,  the  provision  of  a  biological  station 
advocated  under  recommendation  3. 

5.  The  adoption  of  the  regulations  generally  in  use  in  the  South  Island 
concerning  permissible  baits  :  i.e.,  besides  the  artificial  fly,  it  should  be 
allowable  to  take  trout  on  the  natural  fly,  grasshopper,  &c.  I  am  well 
aware  that  all  true  sportsmen  abhor  anything  but  the  artificial  bait ;  but 
it  is  time  that  they  realized  that  every  inducement  must  now  be  offered 
to  get  a  marked  reduction  from  the  present  seriously  overstocked  condition 
of  the  lakes. 

6.  Limitation  of  spawning  to  certain  selected  streams,  which  should  be 
changed  from  year  to  year  when  practicable.  This  has  already  been  dealt 
with  in  connection  with  recommendation  1. 

The  above  recommendations,  if  adopted,  may  be  expected  to  show 
good  results,  in  the  case  of  the  Taupo  fisheries,  within  a  few  years’  time. 
The  fisheries  of  Lakes  Rotorua  and  Tarawera  are  a  more  formidable 
problem,  and  it  would  be  advisable  to  attempt  the  solution,  in  these  cases, 
only  in  the  light  of  the  experience  gained  from  the  treatment  of  the  Taupo 
fisheries. 
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CABLE  SPANS  WITH  SUSPENSION  INSULATORS. 


By  I.  R.  Robinson,  B.E. 


The  following  is  an  attempt  to  derive  a  formula  which  will  give  the  tension, 
for  different  temperatures,  of  the  wire  of  a  high-tension  transmission-line 
with  suspension  insulators.  Although  numerous  formulae  and  methods  have 
been  published  for  determining  the  tension  of  the  wire  when  pin  insulators 
are  used,  so  far  as  the  author  is  aware  no  formula  has  been  published  for 
use  when  suspension  insulators  are  used.  With  this  type  of  insulator  the 
point  of  support  is  not  fixed,  but  is  free  to  move,  owing  to  the  method  of 
suspension,  both  transversely  and  longitudinally  with  respect  to  the  direction 
of  the  line.  The  formulae  derived  for  fixed  spans  with  pin  insulators,  there¬ 
fore,  require  modification  in  important  respects.  The  notation  here  used  is 
the  same  as  that  in  Cable  Spans,  by  Mr.  E.  Parry,*  whose  method  also 
is  closely  followed.  For  all  practical  purposes  the  curve  in  which  the  wire 
hangs  can  be  taken  as  a  parabola,  and  for  most  spans  the  tension  can  be 
taken  as  constant  throughout.*)' 

If  S  be  the  length  of  arc  in  half  the  span  in  feet ;  x,  the  half -span  in 
feet;  P,  the  tension  in  the  span  (pounds  per  square  inch) ;  q,  the  loading- 
ratio  ( i.e .,  ratio  of  total  load  on  wire  to  weight  of  wire) ;  and  S,  the  weight 
per  foot-run  per  square  inch  of  wire  ;  then  we  have  for  any  span 


S, 


x  -f- 


x3q2S2 

¥p_t 

v  q 


Now,  if  the  temperature  changes  by  an  amount  t°  Fahr.,  and  the 
loading-ratio  changes  to  qu  the  insulators  at  each  end  of  the  span  will 
swing  slightly  along  the  line  and  alter  the  span  by  an  amount  2  A  $. 

Then,  for  each  half  of  the  span  we  have,  if  St  denotes  the  new  length  of 
arc  for  the  half -span, 


St  —  x  — (—  A  x  — f- 


{x  -j-  A x)3q12S2 


(2) 


From  (1)  and  (2) 

=  A  x  -{- 


(x  +  A  x)3q1 2S2 
“BP?- 


(3) 


but  we  also  have,  by  considering  the  change  of  length  due  to  elastic  and 
thermal  expansion, 


St 


Sq  (1  -j-  at) 


i  +  h  i  +  Pq 

E  E 


(4) 


where  E  is  the  modulus  of  elasticity  in  pounds  per  square  inch,  a  is 
the  coefficient  of  expansion  per  degree  Fahrenheit,  and  t  is  the  change 
in  temperature. 


*  E.  Parry,  Gable  Spans,  Public  Works  Department  (N.Z.),  1917. 
f  G.  P.  Anderson,  Location  of  Electric  Transmission-lines,  N.Z.  Jour.  Sci.  &  Tech., 
vol.  2,  p.  97,  1919. 
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P  P 

Now,  t ,  -„q ,  at  are  all  small,  and  hence  to  a  first  approximation 
hj  it 


from  (4),  neglecting  small  quantities  of  the  second  degree,  we  have 


and  from  (3)  and  (5) 

X  («•  +  E  +  Pt  —  Pq)  _ 


X 


(am  +  Pt  -  Pq) 

E 


.(5) 


E 


=  Ax 


(: x  +  A  x)3q±2^2  x3q2s2 


6Pt2 


6  Pq2 


..(6) 


Now,  if  pin  insulators  are  used,  the  span  is  of  constant  length,  i.e.,  A  x  =  0, 
and  if  q1  =  1,  this  equation  reduces  to  equation  (9)  of  Mr.  Parry’s 
pamphlet. 

With  suspension  insulators,  anchor-posts  with  strain  insulators  are  put 
in  at  certain  distances,  and  it  can  be  assumed  that  the  point  of  support  at 
the  anchor-post  does  not  move.  Now,  in  any  stretch  between  such  anchor- 
posts,  if  account  is  taken  of  the  sign  of  Ax ,  then 

22a;z  -  0, . . . (7) 

providing  the  summation  extends  over  all  the  spans  comprising  the  stretch 
between  the  anchor-posts.  For  each  span  in  the  stretch  an  equation  of  the 
form  of  (6)  is  obtained,  x  being  the  only  variable. 

Summing  all  these  equations  we  have 

a;E  +  Pt  -  PjSa.  =  3  («  +  Ax)3—  AJ  2*3....(8) 

Now,  2  Ax  =  0,  and  x  is  large,  while  ax  is  small,  so  that  (8)  becomes  to  a 
first  approximation 


(«*E  +  Pt  -  Pq)  2^3?i2S2 


i.e., 


*t8 


+  L2( 


E 

'$x3q2$2 
2^6  Pq2 


2  x3q2&2 
2  x  6  Pt2  2  x  6  Pq2  ’ 


(9) 


Pq  +  cEi]  - 


2s3g1282E 
%x  6 


=  0. 


Writing 


x  = 

2  x 


u3 


+  V  (W - + ~) 


X2gq2S2E 


6  P  2 

q 


=  0  ....(10) 


If  q±  =  1,  this  equation  becomes  the  same  as  equation  (9)  of  Mr.  Parry’s 
pamphlet  for  a  half-span,  X. 

Equation  (10)  gives  the  value  of  the  tension  in  the  stretch  between  two 
.anchor-posts. 

V2  xs 

— —  ,  all  the  equations  and 

•  A  X 

graphs  given  in  Cable  Spans  can  be  used.  . 
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As  regards  tension,  the  stretch  behaves  as  if  it  were  a  span  of  length  2X, 
which  may  be  called  the  equivalent  span  for  the  stretch. 

As  an  example  of  use  of  this  formula  consider  a  transmission-line  of 
copper,  No.  7/12  S.W.G.  size,  with  suspension  insulators  of  weight  691b.. 
and  length  2  ft.  8  Jin.,  maximum  stress  in  the  wire '25,000  lb.  per  square 
inch  under  a  wind  load  of  301b.  per  square  foot  at  a  minimum  tempera¬ 
ture  of  20°  F.,  loading-ratio  q  =  2*24  8  =  3’91.  Let  one. stretch  consist  of 
spans  of  lengths  400  ft.,  600  ft.,  550  ft.,  300  ft.,  750  ft.,  in  that  order.  The 
equivalent  span  is  found  to  be  587  ft.,  as  shown  below : — 


895-3  x  106 


2,600 


587. 


2x  =  2  a/^-3  =  =  V 

22x 

(See  table  below,  columns  1  and  2.) 

To  get  the  tension  when  the  wind  drops  we  can  use  either  the  graphs 
in  Mr.  Parry’s  pamphlet,  using  587  ft.  as  the  length  of  the  span ,  or 
equation  (10)  may  be  used.  Substituting  in  this  equation  we  have 


L3 


+  Pts 


293-52  x  2-242  x  3912  X  16  X  106 
:  6  X  25,000 2 

293'52  X  3-912  X  16  X  106 

r*  ^  5 


25,000 


Pt3 


+  P/  3,200  —  3-51  X  1012  =  0. 


Whence  Pt  =  14,200  lb.  per  square  inch. 

The  changes  in  lengths  of  the  individual  spans  can  be  calculated 
from  equation  (6),  and  hence  the  movements  of  the  insulators.  From 

equation  (6),  neglecting  the  term  71 


6  Pt2 


we  have 


Ax  — 


X2§2 

6 


x 

E 


(11) 


Now,  Ax  and  x  refer  to  the  half -spans.  For  convenience  in  workings 
translating  into  terms  of  the  span  by  substituting  2  Ax  —  A  a  and  2x  —  a 
in  the  above  equation  and  reducing,  we  have 


Aa  =  a3  X  L96  Xl0~9  —  a  X  6*75  X  10~4. 


The  values  of 


A  a  calculated  from  this  equation  are  as  follows : — 


1 

Span. 

Span 3. 

A  a. 

Movement  of  Insulator. 

Feet. 

Feet. 

Inches. 

400 

64-0  x  10 6 

-0-145 

—  0-145 

1-7 

600 

216-0  X  106 

+  0*019 

-0-126 

1-5 

550 

166  4  x  1 06 

-  0-045 

-0-171 

2-0 

300 

27-0  X  10fl 

-0-150 

-0-321 

3-8 

750 

421-9  X  10 6 

+  0-321 

o-ooo 

2  2x  ==  2,600 

S(2x)3  =  895-3  X  106 
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This  is  illustrated  in  the  accompanying  diagram. 


Anchor-- 

Post 


Anchor-  — 
Posh 


Fig.  1. — Diagram  illustrating  movement  of  insulators. 


The  movements  of  the  insulators  are  small,  and  they  generally  will  be 
small.  The  limit  of  swing  is  the  length  of  the  insulator-string,  but  if  the 
movement  approaches  that  length  the  tension  in  the  spans  cannot  be 
considered  constant  owing  to  the  weight  of  the  insulator,  and  the  above 
method  would  have  to  be  modified. 

To  find  the  Tension  in  remaining  Spans  when  the  Wire  in  one  Span 
breaks. — This  is  best  illustrated  by  considering  the  wire  to  break  in  the 
300  ft.  span  when  the  stretch  is  at  a  tension  of  13,5001b.  per  square 
inch.  The  insulators  are  assumed  to  be  vertical  before  the  wire  breaks. 
Consider  the  750  ft.  span  :  the  insulator  will  swing  to  the  right  and  decrease 
the  span  by  an  amount  nearly  equal  to  the  length  of  the  insulator-string — 
i.e.,  2-71  ft. 

Let  2ax  =  —  2' 70  (for  a  trial).  Equation  (6)  becomes 

750  /Pt  —  13,500\  _  1 .  /747-3\  2  3  91 2 

I\  16  X  lO®-’  ~  \  2  /  (Tx  Pt3 


750  ^2  3-91 2 

\~Y  6^<"13,5002  ’ 

which  reduces  to 

Pt3  +  Pt2  7*55  X  104  —  5-69  X  1012  -  0, 

whence  Pt  =  8,2501b.  per  square  inch.  Now,  the  area  of  7/12  wire  is 
•0585  sq.  in.,  so  that  the  pull  in  the  wire  is  ‘0585  X  8,250  =  4831b.  The 
inclination  of  the  insulator  to  the  vertical  is 


483 

tan_1  3l-5  =  86 


so  that  2A£c  =  2"71  cos  86°  =  2*70  (34'51b.  being  one-half  of  the  weight 
of  the  insulator-string). 

For  the  tension  in  the  remaining  spans,  summing  all  the  equations 
obtained  by  substituting  in  equation  (6), 


2 x  (Pt  -  13,500)  „  ,  2 x3  3-91 2 

- — - | - j  =  2 A#  -f - 

16  X  106  -6  Pt2 

Now,  %xz  =  55-3  X  106  and  2*  =  775  X  =  \ 
%ax  =  -  1-35. 


2x3  x  3- 91 2 
6  x  13,500 2 


55-3  X  106 


=  268, 


and 


775 
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By  substituting  in  the  above  we  have 

Pt3  +  Pt2  3'05  x  104  ~  2-94  x  1012  =  0, 

whence  Pt  =  8,6501b.  per  square  inch. 

These  results  show  that  even  with  suspension  insulators  a  considerable 
pull  (along  the  line)  may  come  on  any  post,  due  to  the  breaking  of  a  wire. 
With  steel  flexible  towers  this  is  provided  for  by  a  steel  earth-wire  running 
along  the  top  of  the  poles  and  fastened  securely  to  each. 

To  find  the  Tension  when  the  Spans  are  unequally  loaded. — With  suspen¬ 
sion  insulators  in  country  where  snow  falls  this  is  of  some  importance.  The 
snow  and  ice  collect  on  the  wires  and  greatly  increase  the  sag.  Some  spans, 
however,  clear  themselves,  and  in  them  the  sag  is  small.  Now,  if  the  lines 
are  vertically  above  one  another,  and  in  a  span  the  top  wire  is  ice-covered 
and  the  bottom  one  bare,  the  top  one  may  foul  the  bottom.* 

Returning  to  equation  (6), 

x  (otEi  +  Pt  —  Pq)  _  {x  -j-  A  x)3q12S2  x3q2S2 

B  -  A.x  +  jj-pj: 2  -^2  • 

As  before,  throughout  the  stretch  «,  t,  E,  Pt,  Pq,  8,  and  q  may  be 
considered  constant.  For  each  span,  however,  q1  is  now  variable,  de¬ 
pending  on  whether  the  wire  in  the  span  is  snow-covered  or  not.  Now, 
summing  as  before,  we  get 


L3  +  l2 


q2S2 E  2x3 
6  P„ 2  v  x 


Pq  +  «E  t 


82E  %x3qt 

6  2  £ 


=  0,  ...(12) 


the  solution  of  which  gives  the  tension  in  the  stretch.  The  tension  and  the 
loading  in  each  span  being  known,  the  sags  can  easily  be  determined.  In 
Hydro-electric  Power,  vol.  2,  page  308,  Lyndon  considers  the  case  of  two 
spans  with  ice  load  on  one,  and  the  tension  is  found  by  a  method  which  is 
only  applicable  to  a  stretch  of  two  spans.  The  wire  is  No.  0000  B.  &  S. 
aluminium,  and  -the  spans  are  600  ft.  On  one  span  is  an  ice  load  Jin.  thick, 
and  the  other  span  is  clear.  The  temperature  of  the  wire  is  34°  F.  The 
maximum  stress  is  14,0001b.  per  square  inch  at  a  temperature  of  10°  F., 
with  an  ice  load  of  Jin.  and  a  wind  load  of  101b.  per  square  foot. 


Weight  of  wire  per  foot-run 
Weight  of  ice  per  foot-run 
Wind  load  per  foot-run 
Resultant  load  per  foot-run 
Loading-value,  q 
Loading- value,  q1 
Area  of  wire 

Weight  per  foot-run  per  square  inch 
Coefficient  of  expansion 
Modulus  of  elasticity 


0*195  lb. 

0-632  lb. 

P251  lb. 

1*50  lb. 

7-69 

4-22 

0-1662  sq.  in. 
1-172  lb. 

12-8  X  10-6. 

8  X  106  lb.  per 
square  inch. 


*  Prevention  of  Sleet  Troubles  on  High-tension  Transmission-lines,  Electrical  World, 
10th  March,  1917.  — 
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Now,  we  have 


'%x3q12 

2a? 


See3  __  300 3  +  300 3 
HaT  ~  300  +  300  — 
300 3  x  l2  +  300 3  X  4-22 
600  ~ 


300 2  ; 

-  ==  300 2  x  9-405. 


Substituting  in  equation  (12)  we  have 


pt3  +  pt 


2  /3002  x  7-692  X  1-1722  x  8  x  10f 


6  X  14.0002 

300 2  x  9-41 2  x  1-1722  x  8  x  10« 
~6 


14, 'XX)  +  12-8  x  10_6.X  8  x  106  x  24) 
=  0, 


4.C.. 


Pt3  +  Pt2  38,290  -  1-55  X  1012  =  0 ; 


12 


whence,  Pt  =  5,9501b.  per  square  inch,  which  is  very  close  to  the  approxi¬ 
mations  of  5,962  and  6,023  given  by  Lyndon  (p.  312). 

Returning  to  equation  (11)  we  have 

300 3  x  LI 72 2  /  7-692  4*222  \  ,  /2,460  +  5,950  -  14,000\  _ 

= - e - ViLooo2  -  M502  ' +  V - 8  xTo® - ) 300 

=  -  1*45. 

The  movement  of  the  insulator  is  therefore  2- 90  ft.  As  found  by  the 
formula  given  by  Lyndon  (p.  309)  it  is  2*82  ft. 

The  above  investigation  applies  only  to  suspension  insulators,  giving  the 
wire  free-swinging  points  of  support.  The  case  of  lines  supported  on  pin 
insulators  is  assumed  in  all  standard  works  to  consist  of  a  number  of  fixed 
points  of  support.  This  is,  of  course,  only  approximately  correct,  as  the 
poles  themselves  are  elastic,  and  their  elastic  deflection  corresponds  to  a 
considerable  degree  with  the  swing  of  the  suspension  insulators.  Taking 
this  into  account,  the  formulae  for  cable  spans  would  require  modification. 
The  result  will  apparently  be  intermediate  between  those  obtained  on  the 
usual  assumption  of  fixed  points  of  support  and  those  obtained  above  on 
the  assumption  of  free  points  of  support.  This  po;nt,  however,  will  be  the 
subject  of  a  further  investigation. 


I  wish  to  thank  Mr.  L.  Birks,  Chief  Electrical  Engineer,  Public  Works 
Department,  and  Mr.  A.  C.  Owen,  Electrical  Engineer,  Public  Works 
Department,  for  their  help  and  valuable  suggestions. 
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INDUCTIVE  INTERFERENCE  OF  POWER  CIRCUITS 
WITH  COMMUNICATION  CIRCUITS. 


By  A.  C.  Caldwell,  B.E.,  and  Professor  E.  Marsden,  M.C.,  D.Sc. 


Part  I. — Electrostatic  Interference. 

The  question  of  interference  of  power  circuits  with  telephone  circuits  is 
becoming  more  and  more  important  with  the  probable  increase  in  the 
number  of  high-tension  transmission-lines  throughout  the  Dominion,  especi¬ 
ally  as  many  of  these  will  have  to  be  run  through 
country  containing  a  network  of  telephone  and 
telegraph  lines. 

Calculations  of  the  effects  to  be  expected  in  certain 
simple  cases  were  made  by  Parry  and  published  in  this 
Journal  (vol.  2,  p.  308,  1919).  Since  then  the  following 
measurements  have  been  made  under  the  auspices  of 
the  Public  Works  Electrical  Department  to  test  the 
results  of  these  calculations,  and  although  these  ex¬ 
periments  are  not  yet  finally  concluded  it  appears 
desirable,  because  of  the  pressing  importance  of  the 
question  in  New  Zealand,  to  publish  the  results  that 
have  already  been  obtained. 

It  will  perhaps  be  advisable  to  recapitulate  briefly 
Parry’s  calculations. 

In  Fig.  1,  A  is  the  high-tension  line  ;  A'  its  image  in  the  ground  EE'  ' 
D  is  the  line  whose  induced  voltage  it  is  desired  to  calculate  ;  D'  is  the 
image  of  D. 

Parry  states  that — 

Md  _ 

'd  =  '.x  =  «A  (say). 

Ma  +  cd 


where 

and 


Md  = 


6i 


1)  ^  * 


,  M.= 


a1a2  —  b  J), 


o, 


a- 


t)  ^ 


0i  M'  0  ,  DD7 

«i  =  2  loge - >  a2  =  2  loge  _, 

La  rd 

=  2  loge  h2  =  2  loge  —  •  and 


DA 


AD  ’ 


where  ra,  rd  are  the  radii,  and  vA,  vA  the  potentials  of  A  and  D  respectively. 

By  introducing  two  more  similar  terms  for  the  other  conductors  B  and  C 
of  a  three-phase  system  we  obtain  for  the  total  potential  of  D 

vi  =  VA  +  +  VA- 


In  th  e  case  of  the  Lake  Coleridge  transmission-line  (66,000  volts  between 
phases)  the  R.M.S.  values  assumed  throughout  are 


vA  =  38100, 


«b  =  38100  ( -  i  +  j  v23) ,  »c  =  38100  (-  i  -  j 


the  vector  vA  being  chosen  as  the  vector  of  reference. 
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The  lines  experimented  upon  are  shown  in  fig.  2. 

ABC  and  AjBjCj.  are  the  main  transmission-lines,  sometimes  energized 
singly  and  sometimes  in  parallel.  In  the  latter  case  A  Ax,  B  B1?  &c.,  are 
corresponding  phases.  HDE  and  KFG  are  sections  of  11, 000- volt  three- 
phase  feeders  about  a  mile  long,  temporarily  isolated  for  the  sake  of  the 
experiments.  LM  and  NO  are  the  transmission-line  telephone  circuits. 

Voltages  were  measured  by  electrostatic  voltmeters. 


Data  assumed:  Transmission-line  conductor,  7/T35"  aluminium,  •405"  diameter ; 
11,000-volt  feeder  conductor,  7/14  S.W.G.  aluminium,  ’24"  diameter;  telephone-line 
conductor.  No.  8  S.W.G.  iron,  T6"  diameter. 


It  may  be  useful  to  describe  here  a  voltmeter  used  throughout  these- 
experiments  because  of  its  portability,  ease  of  construction,  small  capacity, 
and  almost  perfect  dead-beatness.  The  voltmeter  is  a  simple  gold-leaf 
electroscope  as  shown  in  fig.  3.  The  case  is  of  thin  sheet  metal,  the  glass 
front  and  back  being  made  airtight.  The  scale,  which  is  easily  read 
to  10  volts,  is  shown  three-quarters  size,  and  the  calibration  is  effected 
by  means  of  an  ordinary  Weston  standard  voltmeter  and  potential 
transformer. 
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The  results  obtained  for  the  wires  D-K  are  tabulated  in  Table  I, 
together  with  values  calculated  from  Parry’s  formula. 


Table  I. 


Wires. 

All  Wires  isolated. 

Others  earthed. 

Observed 

Voltage. 

Calculated 

Observed 

Voltage. 

Voltage. 

Phase  Angle. 

E-earth 

1140 

1182 

/2 1 7  0  17' 

620 

E-earth 

980 

1028 

/213°  16' 

355 

E-earth 

850  • 

847 

/207°  52' 

215 

G-earth 

750 

767 

/207°  24' 

195 

H-earth 

1120 

1153 

/211°  58' 

530 

K-earth 

850 

853 

/205°  41' 

255 

E-E 

130 

172 

/242°  10' 

E-E 

340 

373 

/239°  5' 

E-G 

430 

446 

/234°  25' 

E-H 

100 

112 

/289°  35' 

E-K 

370 

387 

/243°  35' 

E-F 

150 

202 

/236°  28' 

E-G 

250 

277 

/228°  10' 

E-H 

100 

127 

/21°  25' 

E-K 

190 

215 

/244°  45' 

E-G 

<  100 

80 

/212°  20' 

E-H 

300 

314 

/43°  5' 

E-K 

<  100 

33 

/306°  55' 

«  • 

G-H 

390 

393 

/40°  55' 

s  • 

G-K 

<  100 

89 

/10°  35' 

H-K 

300 

1 

319 

7229°  0' 

In  the  case  of  an  isolated  wire  the  agreement  between  theory  and  experi¬ 
ment  is  surprisingly  close,  and,  considering  the  uncertainty  of  the  influence 
of  poles,  &c.,  on  the  capacities  of  the  wires,  is  much  nearer  than  might  be 
expected. 

The  values  with  the  neighbouring  wires  earthed  will  be  seen  to  be  much 
smaller  than  with  all  the  wires  isolated.  This  is  due  to  the  increase  in 
capacity  of  the  wire  under  observation  owing  to  the  presence  of  neighbouring 
earthed  conductors,  which  all  tend  to  lower  its  potential.  Take  the  case 
of  F,  for  example,  for  which  the  reduction  is  greatest.  The  values  of  Ka 
from  the  calculations  are 

M/  _  -*00546 

’  Ma  +  C f~  *00546  -  *0586  ’ 

from  which  it  may  be  seen  that  if  M f  remains  practically  constant,  C/,  or 
the  capacity  of  F  to  earth,  is  the  determining  factor. 

In  general  M f  will  be  small,  and  in  this  case  the  voltage  will  be  roughly 
in  the  inverse  ratio  to  C f. 

From  these  general  considerations  a  method  of  reducing  the  voltage 
of  an  isolated  wire  near  a  transmission-line  is  indicated — namely,  to  intro¬ 
duce  additional  capacity. 
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Examining  this  for  the  above  case  we  have 

Mc  -f  C/  =  *0531  cm.  per  centimetre, 


or  for  one  mile 


•0531  x  5280  x  30*48 
9  XlO5 


•00955  mf. 


The  addition  of  a  capacity  of  \  microfarad  per  mile,  an  amount  not  too 
great  to  affect  speech  very  seriously,  would  decrease  the  voltage  from  847  to 

— =  15  volts,  which  would  probablv  be  considered  quite  safe. 
5-00955 

Such  effects  have  actually  been  observed,  and  the  method  might  prove 
useful  for  portable  telephones  for  linemen. 

Measurements  were  also  made  with  both  transmission-lines  alive,  and 
the  following  results  obtained  : — 


Table  II. 


All  Wires  isolated. 

Others  earthed. 

Wires. 

Observed 

Calculated 

Observed 

Voltage. 

Voltage. 

Phase  Angle. 

Voltage. 

D-earth 

670 

424 

/225°  42' 

450 

E-earth 

565 

176 

/218°  6' 

190 

F-earth 

555 

181 

/21°  19' 

170 

G-earth 

650 

421 

/14°  4' 

420 

H— earth 

730 

302 

/205°  14' 

430 

K-earih 

715 

303 

/34°  27' 

420 

D-E 

250 

• 

250 

/231°  3' 

D-F 

600 

594 

.  /218°  27' 

D-G 

840 

813 

/209°  57' 

D-H 

165 

176 

•  ;/262°  27' 

D-K 

735 

724 

/221°  0' 

•  • 

E-F 

355 

354 

;/209°  36' 

E-G 

585 

586 

/201°  7' 

E-H 

185 

136 

/8°  24° 

E-K 

500 

480 

/215°  51' 

F-G 

220 

242 

/188°  38' 

F-H 

505 

483 

/23°  46' 

F-K 

155 

133 

/232°  26' 

G-H 

725 

719 

/I 8°  44' 

G-K 

165 

. . 

172 

/203°  45' 

H-K 

1 

605 

s ;  i  •')  i  •-  *i  *  Jf)  Pi  •/, 

603 

9  rom  ■  > 

Nt  ,  . , . .  ■  r, ,  . 

/209°  51'  1 

Comparing  these  results  with  Table  I,  it  will  be  seen  that  the  induced 
voltages  are  about  two-thirds  of  those  with  only  one  line  alive.  This  at 
first  sight  seems  surprising,  as  one  might  expect  double  the  effect.  The 
reason  for  the  difference  is  that  the  induced  voltages  due  to  ABC  and 
A'B'C'  are  nearly  opposite  in  phase.  In  fact,  if  the  line  in  question 
were  situated  exactly  centrally  between  ABC  and  A'B'C'  and  at  the 
same  height  above  the  ground  the  induced  voltage  should  be  practically 
zero. 
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Tae  accurate  theoretical  calculation  of  the  effects  to  be  expected  becomes 
increasingly  difficult  with  the  number  of  wires  involved  owing  to  mutual 
electrostatic-capacity  effects. 

Actual  measurements  were  also  made  on  the  telephone-lines  L,  M,  N,  0. 
Lengths  of  24  chains  were  isolated,  and  the  following  are  the  results 
obtained : — 

Table  III. 


State  of 

Transmission-line . 

Wires. 

Observed 

Voltage. 

Calculated 

North  Line. 

South  Line. 

Voltage. 

Phase  Angle. 

North  Line  Telephone. 

Dead 

Alive 

N-earth  .  . 

195 

313 

/187°  20' 

O-earth  .  . 

175 

293 

/I 85°  26' 

N-0 

22 

/212°  17' 

Alive 

Alive 

N-earth  .  . 

1645 

3379 

/311°  20' 

O-earth  . . 

1785 

3531 

/279°  48' 

N-0 

940 

1883 

/30°  1' 

Alive 

Dead 

N-earth  . . 

1697 

3564 

/44°  30' 

O-earth  . . 

1730 

3565 

/75°  3D 

N-0 

920 

1906 

/30°  2' 

,  — : 

South  Line  Telephone. 

Alive 

Dead 

L-earth  .  . 

150 

280 

/54°  54'  _ 

M-earth  . . 

153 

293 

/54°  38' 

_ _ 

L-M 

.  •  • 

13 

/231°  20' 

Alive 

Alive 

L-earth  . . 

1795 

3590 

/338°  45' 

M-earth  . . 

1805 

3375 

/320°  10' 

L-M 

320 

1147 

/48°  26' 

Dead 

Alive 

L-earth  . . 

1850 

3541 

/25°  39/ 

M-earth  . . 

1775 

3411 

/44°  45' 

L-M 

330 

1159 

748°  28' 

Column  5  gives  the  calculated  values,  using  Parry’s  formula  and 
assuming  that  the  capacity  of  L,  say,  is  the  same  per  unit-length  as  for 
an  infinite  isolated  wire  far  removed  from  M.  However,  in  this  case  agree¬ 
ment  between  the  calculated  and  theoretical  values  cannot  be  expected. 
The  influence  of  M  is  undoubtedly  to  increase  the  capacity  of  L,  as  also 
are  the  earth  wires  up  the  poles  and  along  the  arms  AC  and  the  remainder 
of  the  telephone-line  which  continues  from  the  same  transposition  insulators. 
Further,  it  is  well  known  that  the  end  effects  of  a  short  length  of  wire 
such  as  was  used  will  also  increase  the  capacity.  This,  as  has  been  shown 
above,  will  tend  to  produce  a  result  less  than  that  calculated  from  Parry’s 
formula. 

It  is  hoped  in  further  experiments  to  actually  determine  the  various 
electrostatic  capacities  experimentally,  and  to  make  a  more  exacting  com¬ 
parison  between  theory  and  observation. 
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On  the  whole,  these  experiments  amply  verify  Parry’s  methods  of 
calculation,  and  his  formulae  may  therefore  be  used  to  calculate  the 
effects  to  be  expected  in  any  particular  case.  Thus  for  a  long  telegraph- 
wire  of  No.  11  S.W.G.,  18  ft.  above  ground,  and  isolated  at  1  chain 
from  a  66,000-volt  transmission-line,  the  induced  voltage  will  be  as 
tabulated.  For  other  voltages  the  values  will  be  roughly  proportional, 
depending  upon  the  height  and  spacing  and  diameter  of  the  transmission¬ 
line  conductors. 


Transmi  ssion-line. 
Voltage. 

Induced  Voltage  (R.M.S.)  at 

1  Chain. 

2  Chains. 

3  Chains. 

100,000 

200 

52 

21 

66,000 

131 

34 

14 

11,000 

22 

6 

| 

2 

Sndvced  £ / ec/~ros/~a/~/o  Vo/fages  u//fh  one  7~ransrr>/ss/or?„  L/ne  A/ /re 

Fig.  4. 


Fig.  5. 
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Furthermore,  the  quantity  of  electricity  Q  induced  on  the  wires  should 
they  be  earthed  is  roughly  proportional  to  the  voltage  indicated  above, 
so  that  the  energy  of  discharge,  which  is  proportional  to  QY,  will  fall  off 
with  distance  at  a  rate  proportional  to  the  squares  of  the  above  figures. 

In  actual  practice  it  will  seldom  occur  that  a  telephone-wire  will  run 
for  the  whole  of  its  length  parallel  to  a  transmission-line,  so  that  the  effective 
capacity  per  unit-length  concerned  in  the  induction  will  be  increased  by 
an  amount  depending  on  the  length  of  wire  more  remote  from  the 
transmission-line.  This  will  reduce  the  induced  voltage  proportionally. 

In  any  particular  case  where  the  induced  voltage  should  still  prove 
excessive  it  may  be  reduced  either  (1)  by  adding  capacity,  (2)  by  trans¬ 
posing  the  transmission-line,  (3)  by  drainage-coils. 

We  have  so  far  tacitly  assumed  that  the  voltage  of  the  transmission¬ 
lines  are  the  theoretical  R.M.S.  voltage  to  earth — namely,  66,000  -f-  a/  3 
—  38,100  volts.  As  the  Lake  Coleridge  transmission  system  has  delta -delta 
connections  at  the  power-station  and  delta-star  with  grounded  neutral  at 
the  substation,  this  will  be  exactly  the  case  only  if  the  capacities  to  earth 
of  the  three  lines  are  equal.  Since  there  are  no  transpositions  in  the 
system,  this  will  not  obtain,  and  consequently  there  will  be  a  capacity 
unbalance  with  a  consequent  residual  voltage  :  i.e.,  the  sum  of  the  voltages 
of  the  lines  at  any  instant,  instead  of  being  zero  as  for  an  exactly  balanced 
system.,  will  give  a  residual  potential.  This  residual  voltage  will  have  a 
much  larger  effect  relative  to  its  magnitude  than  the  effects  of  the  voltages 
in  the  individual  lines,  since  by  their  phase  relationship  these  will  tend  to 
annul  each  other’s  effects.  In  this  connection  it  may  be  noted  that  for 
lines  separated  by  the  width  of  an  ordinary  highway  the  vertical  type  of 
power  circuit  will,  with  balanced  voltages,  produce  less  interference  than 
the  triangular  type,  owing  to  the  lines  being  more  nearly  equidistant  from 
the  communication  circuit. 

In  the  tests  described  the  effect  of  the  residual  voltage  would  be  to 
increase  the  values  of  the  induced  voltages.  On  the  other  hand,  the 
capacities  of  the  wires  to  earth  will  be  increased  by  the  proximity  of  earth 
wires  on  the  poles,  &c.,  and  this  will  tend  to  reduce  the  induced  voltage. 
Such  relatively  small  disagreement  as  is  shown  by  the  tables  between 
calculated  and  observed  induced  voltages  can  probably  be  traced  to  these 
two  effects. 

Transposition  of  a  power  line  will  have  the  following  effects  in  the 
induced  voltage  in  a  neighbouring  circuit : — - 

(1.)  It  will  equalize  the  capacities  to  earth  of  the  three  lines,  and  thus 
minimize  residual  voltage. 

(2.)  It  will,  by  presenting  different  phases  successively  towards  the 
neighbouring  circuit,  tend  to  annul  the  effects  of  the  ordinary 
balanced  components. 

The  induction  effect  of  a  power  system  may  be  still  further  reduced 
by  suitable  transformer  connections,  such  as  delta-star  at  power-house 
with  delta-star  at  substation,  and  with  earthed  neutral  in  each  case  or  one 
case  only.  In  the  case  of  two  transmission-lines  running  in  parallel  along¬ 
side  one  another  the  residual  voltage,  and  consequently  the  induction  effect, 
may  be  reduced  without  transposing  by  suitable  arrangement  of  correspond¬ 
ing  phases  in  the  two  lines. 

Part  II. — -Current  Interference. 

The  current-disturbances  in  telephone  circuits  manifest  themselves  as 
humming  noises  which  impair  the  intelligibility  of  conversation  and  cause 
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annoyance.  In  telegraph  circuits,  chattering  of  the  relays  is  caused,  the 
intelligibility  of  signals  is  impaired,  and  the  speed  and  ease  of  transmission 
are  reduced.  The  induced  currents  arise  from  two  causes — (1)  electro¬ 
static,  which  is  generally  responsible  for  most  of  the  interference  to  tele¬ 
phone  circuits,  and  (2)  electro-magnetic,  which  is  more  important  from  the 
telegraphic  point  of  view. 

The  electrostatically  induced  current  consists  of  a  charging-current 
across  the  neutral  capacity  of  the  power  circuit  and  communication  circuit, 
and  therefore  roughly  proportional  to  the  induced  electrostatic  voltage  as 
described  in  the  previous  section.  This  current,  being  a  capacity  current, 
will  have  a  magnitude  proportional  to  the  frequency  of  the  transmission 
system.  It  will  not  be  nearly  so  serious  for  an  isolated  metallic  telephone 
circuit  as  for  an  earthed 
telegraphic  circuit,  because 
in  the  former  case  it  will 
onlv  be  a  differential  effect 

a / 

of  the  induced  voltage  on 
the  two  wires.  In  either 
case  it  will  be  considerably 
affected  by  the  magni¬ 
tude  of  the  self-induction 
associated  with  the  com¬ 
munication  circuit. 

In  the  case  of  a  voltage 
wave  (on  the  power  circuit) 
which  is  not  a  pure  sine 
wave,  and  which  therefore 
contains  higher  harmonics, 
these  higher  harmonics  will 
induce  currents  propor¬ 
tional  to  the  product  of 
their  magnitudes  and  fre¬ 
quencies,  so  that  relatively 
they  will  become  more 
important.  Moreover,  not 
only  are  the  higher  har¬ 
monics  relatively  increased 
in  the  communication  cir¬ 
cuit,  but,  up  to  frequencies 
of  1100,  the  intensity  of  sound  produced  by  them  is  not  the  same  for  equal 
induced  currents,  but  increases  with  frequency  at  a  very  rapid  rate. 

For  frequencies  greater  than  1100  the  intensity  of  sound  produced  by 
equal  currents  falls  off  again  with  increased  frequency. 

The  sensitiveness  of  the  average  telephone-receiver  to  the  same  current 
at  different  frequencies  has  been  determined  by  Osborne  ( Proc .  Am.  I.E.E., 
vol.  38,  p.  5,  1919).  Multiplying  each  sensitiveness  by  frequency  a  curve 
(reproduced  in  fig.  6)  is  obtained,  giving  the  relative  amount  of  sound 
interference  caused  by  unit  voltage  of  different  frequencies  present  in  the 
harmonics  of  the  power  circuits. 

To  obtain  a  factor  giving  the  interference  effect  of  several  harmonics 
Osborne  suggests  that  its  value  may  be  obtained  by  taking  the  square  root 
of  the  sum  of  the  squares  of  the  separate  interference  effects.  The  factor 
so  obtained  is  called  the  “  interference  factor  ”  of  a  power  circuit,  and 
when  sufficient  practical  data  is  accumulated  this  factor  may  be  used  as 
an  interference  wave  factor  for  specifications.  In  the  paper  referred  to  a 
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portable  instrument  is  described  for  obtaining  this  factor,  and  the  instru¬ 
ment  is  now  manufactured  by  the  Leeds  and  Northrup  Company.  It  will 
readily  be  seen  that  the  same  devices  and  arrangements  which  reduce 
induced  voltage  will  also  reduce  telephone  interference — e.g.,  transposition 
of  the  power  circuit.  In  addition,  the  value  of  a  pure  sine  wave  will  be 
evident ;  and,  apart  from  the  design  of  the  generators,  the  two  factors 
which  produce  avoidable  harmonics  are — (1)  Suitable  arrangement  of  trans¬ 
former  connections  so  as  to  suppress  the  third  harmonic  and  its  odd 
multiples ;  (2)  avoidance  of  too  large  a  magnetic  flux  density  in  the 
transformers,  as  this  would  produce  a  flat  wave  with  consequent  harmonics 

A  simple  qualitative  method  of  estimating  the  relative  interference 
caused  by  different  harmonics  is  shown  in  fig.  7.  A  telephone-receiver  t 
is  connected  either  directly  to  the  line  (the  interference  in  which  is  to 
be  investigated)  or  through  a  capacity  c  of  about  ^  microfarad  to  a 
lighting  circuit  derived  from  the  power  circuit.  t  is  held  over  a  tube 
resonator,  the  length  of  which  can  be  adjusted  to 
resonate  to  the  different  harmonics.  The  relative 
intensity  of  sounds  produced  by  resonance  to  a  par¬ 
ticular  harmonic  gives  a  qualitative  measure  of  its 
interference  effect.  The  frequency  can  be  calculated 

V 

from  the  formula  n  =  -  .  /7  , — — ,  where  n  is  the  fre- 

4A  (l  -J-  -3 a) 

quency  and  V  the  velocity  of  sound  =  330  -j-  *6£° 

(centigrade)  metres  per  second.  Care  must  be  taken 
that  the  resonance  tube  is  giving  its  fundamental  note. 

This  can  be  confirmed  by  reference  to  a  musical  instru¬ 
ment. 

Electro-magnetic  Effects. 

Currents  in  a  communication  circuit  due  to  electro¬ 
magnetic  induction  from  a  power  circuit  are  relatively 
less  important  as  they  are  proportional  to  the  current 
in  the  power  line  and  not  to  voltage.  Moreover,  in  the 
case  of  twin  telegraph  or  telephone  circuits  the  induced  Fig.  7. 

E.M.F.  on  one  wire  will  tend  to  balance  that  in  the 

other,  especially  if  the  circuit  is  transposed.  The  interference  becomes 
serious  only  in  the  case  of  an  earthed  telegraph  circuit,  and  in  this  case  it  is 
induction  due  to  the  fundamental  frequency  which  is  more  likely  to  affect 
the  instruments  owing  to  the  inertia  of  the  moving  parts. 

As  in  the  case  of  electrostatic  induction,  the  resultant  effect  is  equal 
to  the  vector  sum  of  the  effects  of  the  three  lines,  and  in  the  hypothetical 
case  of  balanced  currents  equidistant  from  the  communication  circuit  will 
add  up  to  zero.  Calculations  of  the  effects  in  practice  have  been  made  by 
Parry  (this  Journal ,  vol.  2,  p.  308,  1919). 

With  unbalanced  circuits  due  to  unsymmetrical  loads  or  unequal  leakages 
to  earth  from  the  lines  there  will  be  a  residual  current  which  will  be 
relatively  much  more  important  as  regards  interference.  The  effect  of 
this  residual  current,  as  in  the  case  of  electrostatic  induction  from  residual 
voltage,  will  not  be  eliminated  by  simple  transposition  of  the  power  circuit 
without  co-ordinated  transposition  of  the  communication  circuit.  It  is 
therefore  necessary  to  keep  the  current  in  the  various  lines  at  the  same 
value  and  the  same  phase  relationship  (120°). 

Question  of  Transposition. 

We  have  so  far  attempted  to  give  only  a  few  of  the  underlying  principles 
governing  interference.  It  will  be  obvious  that  the  main  essentials  are 
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high-grade  machinery  and  care  in  the  working-conditions.  An  extremely 
valuable  and  complete  account  of  the  whole  subject  from  both  the  practical 
and  theoretical  points  of  view  is  given  in  a  report  issued  by  the  Railroad 
Commission  of  the  State  of  California  on  Inductive  Interference  between 
Electric  Power  and  Communication  Circuits  This  book,  the  investigation 
for  which  cost  $100,000,  must  be  consulted  by  all  who  are  actually  designing 
transmission-lines.  The  question  as  to  whether  in  any  particular  case 
transpositions  of  the  power  circuit  are  advisable  is  given  and  answered  by 
a  consultation  of  the  curves  given  on  pages  1131,  1138,  1140,  &c.,  of  the 
report. 

With  regard  to  breakdowns  of  the  power  circuits,  these  generally  pro¬ 
duce  to  an  acute  degree  the  unbalanced  conditions  which,  as  we  have  seen, 
are  so  productive  of  interference.  No  means  are  available  for  preventing 
this  type  of  interference,  hence  the  importance  of  minimizing  such  occur¬ 
rences  by  high  standards  of  construction,  operation,  and  maintenance. 

In  conclusion,  we  -wish  to  thank  the  various  members  of  the  Government 
Electrical  Department  for  their  kind  and  helpful  interest  in  our  experiments. 


STONE-SHANKED  MAORI  FISH-HOOKS. 

By  Elsdom  Best,  Dominion  Museum. 

The  accompanying  illustration'  (fig.  1)  shows  the  stone  shank  often 
employed  by  the  Maori  in  former  times  in  constructing  his  fish-hooks. 
The  specimen  has  been  carefully  formed  from  a  piece  of  slate  stone,  and 
all  its  surfaces  have  been  smoothly  ground.  Its  length  is  2f  in.,  and  it 
is  of  the  usual  canoe-like  form.  The  square-cut  end  has  been  reduced  in 
order  to  accommodate  the'  lashing  that  secures  the  barbed  point,  which 
lashing  also  contains  the  feathers  used  as  a  lure.  The  line  is  passed 
through  a  hole  in  the  other  end,  which  is  formed  like  the  prow  of  a  canoe. 
As  ■  this  form  of  hook  has  not  been  used  by  the  Maori  for  many  years, 
these  stone  shanks  have  puzzled  many  persons.  The  specimen  illustrated 
was  mounted  by  a  Nukutaurua  native. 

These  curiously  formed  stone  shanks  for  fish-hooks  formerly  employed 
by  the  Maori  in  his  sea-fishing  operations  were  often  carefully  fashioned 
and  finished,  the  surfaces  being  ground  smooth.  Many  of  them  were  made 
from  a  kind  of  slate,  but  other  forms  of  stone  were  employed.  The  use 
of  these  implements  must  have  been  fairly  universal  throughout  both 
Islands,  inasmuch  as  they  have  been  found  at  many  places  from  the  North 
Cape  southward  to  Eoveaux  Strait.  Occasionally  one  formed  of  green¬ 
stone  (nephrite)  has  been  found,  but  these  are  rare,  as  also  are  greenstone 
points  or  barbs.  It  is  of  some  interest  to  note  that  many  natives  of  the 
present  day  are  quite  ignorant  of  their  use  :  some  assert  that  they  were 
employed  in  certain  ritual  performances,  and  one,  aged  seventy  or  there¬ 
abouts,  had  the  hardihood  to  assure  me  that  they  are  ear-pendants  ! 

The  shank  shown  in  fig.  2  is  from  Otago.  It  is  an  unusually  large  one, 
being  54  in.  in  length,  the  material  being  a  reddish  mudstone.  The 
native  from  whom  it  was  obtained  by  Mr.  Milligan,  of  Wellington,  did 
not  know  the  use  of  the  implement.  In  cross-section  it  is  of  the  usual 
triangular  form,  with  the  sides  rounded.  The  flatter  side  is  but  slightly 
convex  traversely,  but  markedly  so  longitudinally,  an  unusual  feature. 
The  pointed  end,  to  which  the  line  was  attached,  is,  as  usual,  formed  like 
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the  prow  of  a  canoe.  The  keel  is  slightly  concave  longitudinally,  and  at 
the  square -cut  end,  where  the  barb  was  lashed  on,  it  has  been  flattened  for 
|  in .  to  accommodate  the  lashing.  With  the  same  view  three  grooves  have 
been  formed  across  the  flat  side  of  this  end,  and  a  notch  looks  like  the 
commencement  of  a  fourth  groove.  The  two  peculiar  lugs  near  the  other 
end  of  the  shank  do  not  show  out  well :  a  side  view  would  have  made  them 
clearer.  The  X-like  grooves  would  apparently  serve  no  useful  end,  as 


Fig.  1. 


Fig.  1. — Stone-shanked  fish-hook,  fitted  with  line,  barb,  and  feather  lure.  (Actual  size.) 
Fig.  2. — A  stone  fish-hook  shank  from  Otago.  The  cross-section  is  shown  at  the  right. 


in  securing  the  line  to  the  shank  no  lashing  was  passed  round  the  shank. 
Presumably  this  implement  is  in  an  unfinished  condition,  as  well-finished 
specimens  are  usually  provided  with  a  hole  pierced  through  the  pointed 
end  for  the  purpose  of  securing  the  hook  to  the  line.  The  width  of 
the  flat  side  shown  in  the  illustration,  at  its  widest  part,  is  1  in.  The 
thickness  of  the  object  near  the  lugs  is  also  1  in.,  decreasing  to  §  in.  at  the 
squared  end.  Its  weight  is  somewhat  over  2J  oz.,  and  all  surfaces  are 
ground  smooth. 


Fig.  2. 
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DEPARTMENTAL  REPORT. 

Tangarakau  Coalfield,  North  Taranaki. 

By  P.  G.  Morgan,  Director,  N.Z.  Geological  Survey. 

In  accordance  with  instructions,  I  left  Wellington  for  North  Taranaki  on 
the  4th  October  last.  I  reached  Tahora  next  night,  and  spent  the  6th, 
7th,  and  8th  examining  coal-outcrops  and  other  points  of  interest  in  the 
Tangarakau  Valley.  On  the  11th  I  returned  to  Wellington. 

Access. 

At  the  present  time  the  Stratford-Okahukura  Railway  is  open  for 
ordinary  traffic  as  far  as  Kohuratahi,  forty-three  miles  from  Stratford  and 
seventy-three  miles  from  New  Plymouth.  Rails  have  been  laid  for  another 
four  miles  to  Tahora,  to  which  a  Public  Works  Department  train  runs  twice 
a  week  each  way.  Beyond  Tahora  the  line  is  being  continued  down  the 
Raekohua  Valley,  but  little  progress  has  yet  been  made  with  the  construc¬ 
tion.  Three  miles  from  Tahora  the  line  will  cross  the  Tangarakau  River,  and 
thence  is  to  be  continued  in  a  general  easterly  direction  through  very  broken 
country  to  the  Heao  Valley,  where  it  will  turn  northward,  ultimately 
reaching  Ohura.  Originally  the  railway  was  intended  to  tap  the  Tanga¬ 
rakau  Valley  about  two  miles  north  of  Tahora,  and  thence  to  follow  the 
Tangarakau  Gorge  for  about  eight  miles,  until  Paparata  Stream  was  reached  ; 
but  this  route  has  now  been  definitely  abandoned.  From  Tahora  a  road 
runs  northward  over  a  somewhat  high  saddle  (the  Moki  saddle),  and  thence 
follows  the  Tangarakau  Gorge  to  Paparata  Stream,  up  which  it  continues 
to  another  saddle,  whence  it  drops  into  the  Ohura  Valley.  No  part  of 
this  road  has  been  macadamized,  and  in  winter-time  portions  are  almost 
impassable. 

Character  of  Country,  Nature  of  Rocks,  etc. 

The  district  round  Tahora  contains  some  ploughable  land,  but  consists 
mainly  of  a  succession  of  irregular  steep-sided  ridges,  not  very  high, 
separating  a  series  of  narrow  valleys.  Many  of  these  valleys  are  somewhat 
U-shaped  in  cross-section,  and  the  streams  they  contain  run  in  shallow 
gorges  cut  in  the  bottom  of  the  U.  Hence  during  a  comparatively  recent 
period  some  cause,  such  as  a  slight  uplift  of  the  land  or  the  cutting-away 
of  a  barrier,  has  enabled  the  Tangarakau  and  its  tributaries  to  deepen  their 
valleys.  The  prevailing  rock  is  a  fine-grained  argillaceous  sandstone  of 
marine  origin.  In  some  places  this  grades  into  claystone,  in  other  places 
into  a  shelly  rock  not  high  enough  in  carbonate-of-lime  content  to  be  called 
a  limestone.  In  the  Tangarakau  Gorge  the  cliff's  are  formed  of  a  fine¬ 
grained  sandstone,  of  bluish  colour  when  unaltered,  but  weathering  to  a 
light  brown.  In  places,  notably  in  the  area  surrounding  Pukemiro  (height, 
1,685  ft.),  a  band  or  bands  of  conglomerate  appear.  Nearly  everywhere 
the  strata  are  almost  undisturbed  and  nearly  horizontal.  Faults  were 
seen  in  only  two  places — one  in  the  railway-cutting  north  of  Tahora 
Railway-station,  and  the  other  in  a  cutting  on  the  branch  road  under 
construction  up  the  Upper  Tangarakau  Valley.  Both  these  faults  seem 
to  trend  in  an  east-north-east  direction.  Dr.  Henderson  informs  me  that 
an  important  fault  with  north-and-south  trend  occurs  a  short  distance 
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east  of  Coal  Creek  (tributary  of  Paparata  Stream),  which  was  the  farthest 
point  reached  by  me.  The  downthrow  of  this  fault  is  to  the  east. 

Age  and  Correlation. 

The  coal-seams  of  Tangarakau  Gorge  appear  to  •  correspond  almost 
exactly  with  those  of  the  Mokau  Kiver  both  in  character  and  age.  From 
the  shelly  sandstone  of  the  Raekohua  Valley  near  Tahora  I  collected  the 
following  fossils  (identified  by  Mr.  J.  Marwick)  :  Glycymeris  sp.  (probably 
new),  *Dosinia  greyi  Zitt.,  Lima  colorata  Hutt.,  Pecten  burnetti  Zitt.,  Pecten 
huttoni  (Park),  Conus  sp.  cf.  fusellinus  Suter,  Verconella  nodosa  ziiteli  (Suter). 

The  horizon  of  the  Mokau  coal  -  seams  is  believed  to  be  Pareoran 
(Awamoan),  an  age-determination  with  which  the  fossils  named  above  are 
in  accordance. 

Coal-outcrops. 

On  Section  2,  Block  VII,  Pouatu  Survey  District,  a  small  seam  of 
brown  coal  outcrops  almost  at  water-level  on  the  bank  of  a  little  creek 
less  than  20  chains  from  the  road  and  railway  now  under  construction 
through  the  Raekohua  Valley.  The  seam  is  nearly  horizontal,  and  from 
14  in.  to  18  in.  thick.  To  the  south-westward  it  abruptly  thins  out,  but 
can  be  traced  for  a  few  yards  in  the  opposite  direction  (up-stream).  Fine¬ 
grained  bluish  sandstone  forms  both  roof  and  floor.  The  coal  is  bright, 
hard,  and  clean,  but  the  seam  is  too  small  to  be  of  any  value.  The 
horizon  is  probably  several  hundred  feet  at  least  above  that  of  the  seams 
in  the  Tangarakau  Gorge. 

About  two  miles  to  the  north-east  an  insignificant  seam  of  coal  (4  in.  or 
5  in.  thick)  outcrops  in  the  bed  of  a  small  creek,  a  little  above  a  conglomerate 
band.  This  outcrop  is  in  the  south-east  part  of  Section  9,  Block  VII, 
Pouatu  Survey  District  (owned  by  Messrs.  Kerr  and  G william).  Somewhere 
in  the  northern  part  of  the  same  section  (or  just  outside  its  boundary)  an 
outcrop  of  coal,  said  to  be  5  ft.  of  6  ft.  thick,  occurs  in  a  small  creek  near 
the  summit  of  Pukemiro.  This  spot,  however,  was  not  visited  by  me. 

The  most  important  coal-outcrops  known  to  exist  in  the  district  occur 
in  the  Tangarakau  Gorge,  and  are  all  close  to  the  Stratford-Ohura  Road. 
Messrs.  Herbert  Pittmans  and  Charles  McCarty,  of  Tahora,  kindly  accom¬ 
panied  me  on  my  visit  to  these  outcrops,  and  explained  what  was  known 
concerning  them.  Near  the  57 -mile  post  (distance  measured  from  Strat¬ 
ford),  and  five  miles  by  road  from  Tahora,  a  thin,  almost  horizontal  seam 
outcrops  on  the  cliff-face  about  20  ft.  above  the  road.  A  little  farther  on 
a  seam,  said  to  be  3J  ft.  thick,  including  6  in.  of  stone,  outcrops  below  the 
road  and  a  few  feet  above  the  river.  The  ground  above  the  outcrop  has 
lately  slipped,  and  at  present  no  coal  is  visible  in  situ.  Several  bags  of 
coal  extracted  from  the  seam  were  stacked  on  the  road  at  the  time  of  my 
visit.  Some  of  the  coal  at  least  was  not  of  very  good  quality.  This, 
however,  is  only  what  might  be  expected  in  the  case  of  outcropping  brown 
coal,  which  is  always  more  or  less  weathered.  Coal  outcrops  across  the 
river  nearly  opposite  the  place  just  mentioned,  but  I  was  not  able  to  see 
this.  I  am  informed  on  reliable  authority  that  the  seam  is  here  about 
5  ft.  thick. 

A  few  chains  from  the  59-mile  post  hard,  clean  brown  coal  outcrops 
just  off  the  road  in  a  little  gully  :  3  ft.  of  coal,  without  a  floor,  is  visible. 
Mr.  Pittmans  informed  me  that  thirteen  or  fourteen  years  ago  he 
“  jumped  ”  a  hole  down  here,  or  close  by,  and  found  6  ft.  of  coal. 
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A  chain  or  two  farther  on  a  small  seam  of  coal,  not  more  than  18  in.  thick, 
outcrops  in  the  cliff  above  the  road.  It  seems  to  dip  gently  towards  the 
last-mentioned  outcrop. 

Near  the  63-mile  post  coal  outcrops  on  both  sides  of  the  Tangarakau 
River.  At  one  place  on  the  right  bank  of  the  river  a  little  coal  has  been 
mined.  The  seam  here  is  at  least  3J  ft.  thick,  and  dips  gently  down-stream. 
I  have  been  informed  by  Mr.  Hugh  McLeod,  of  Tahora  Road,  that  a  large 
outcrop  occurs  a  little  down  the  river  from  this  spot  on  its  right  bank.  Coal 
has  also  been  found  a  few  chains  up  a  small  creek  that  joins  the  Tangarakau 
from  the  north  near  the  63-mile  post. 

A  quarter  of  a  mile  past  the  63-mile  post  the  Tangarakau  River  turns 
to  the  north,  and  the  main  road,  now  leaving  the  Tangarakau  Gorge, 
continues  eastward  up  the  valley  of  the  Paparata  Stream.  About  30  chains 
beyond  the  64-mile  post  a  small  stream,  known  as  Coal  Creek,  comes  from 
the  south  to  join  Paparata  Stream.  Just  where  the  road  crosses,  hard 
clean  coal  outcrops  in  the  bed  and  banks  of  the  creek.  The  seam  lies 
nearly  flat,  and  is  a  little  over  3  ft.  thick.  Several  tons  of  coal  have  been 
quarried  here  by  settlers  for  household  use.  Not  far  away,  in  Paparata 
Stream,  there  is  another  outcrop,  said  to  be  thicker  than  that  in  Coal 
Creek.  This,  however,  I  did  not  see. 

Coal  outcrops  in  two  or  three  places  along  the  branch  road  now  being 
made  up  the  left  bank  of  the  Tangarakau  River  from  the  point  on  the 
main  road  between  the  63-mile  and  64-mile  posts  where  it  leaves  the 
Tangarakau.  At  one  place  a  thin  seam  outcrops  below  the  road,  and  a 
chain  or  two  away  another  outcrop  is  visible  on  the  west  side  of  the 
river.  There  are  presumably  two  seams.  The  larger  is  about  3  ft.  thick. 
The  strata  of  this  locality  have  variable  dips,  and  seem  to  be  somewhat 
disturbed.  About  15  chains  from  the  main  road  a  well-marked  fault  is 
seen  in  one  of  the  road-cuttings.  The  only  rocks  other  than  coal  to  be 
seen  in  place  are  sandstone  and  a  little  shale,  but  large  boulders  of  con¬ 
glomerate  are  common,  and  therefore  a  band  of  that  rock  must  also  occur 
(probably  above  the  coal  horizon). 

Roadmaking  Material. 

A  thick  band  of  conglomerate  outcrops  in  the  south-east  part  of 
Section  9,  Block  VII,  Pouatu  Survey  District  (Kerr  and  G william’s 
land).  As  seen  on  the  west  side  of  a  small  creek  flowing  southward  to  the 
Tangarakau  it  is  20  ft.  or  more  in  thickness,  and  consists  mainly  of  medium¬ 
sized  pebbles  of  somewhat  altered  greywacke  loosely  set  in  a  decidedly 
clayey  base.  In  the  creek-bed,  however,  the  conglomerate,  not  having  been 
affected  by  weathering,  is  hard  and  solid.  Many  of  the  greywacke  pebbles 
are  seamed  with  quartz.  Conglomerate  also  appears  in  the  Tangarakau 
Gorge  two  miles  to  the  north  of  the  outcrop  just  mentioned.  Here  it  is 
more  or  less  shelly.  The  conglomerate,  however,  is  probably  not  continuous 
throughout  this  part  of  the  district,  but  occurs  in  lenses.  Many  thousand 
cubic  yards  can  be  easily  quarried  on  Kerr  and  Gwilliam’s  land,  and  it 
will  undoubtedly  be  of  great  value  for  roadmaking  in  the  Tahora  district, 
which,  like  other  parts  of  North  Taranaki,  is  very  poorly  supplied  with  hard 
rock  suitable  for  that  purpose. 

The  soft  sandstone  of  the  Tangarakau  Gorge  as  seen  from  the  56-mile 
post  onwards  makes  a  fairly  good  road  for  light  traffic.  In  the  Raekohua 
Valley,  near  Tahora,  some  shell  rock,  wdiich  will  be  useful  for  roadmaking, 
occurs. 
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Conclusion. 

The  principal  object  of  my  visit  was  to  inspect  and  report  upon  the 
coal-outcrops  in  the  Tangarakau  Gorge.  These,  so  far  as  examined,  are 
decidedly  disappointing.  The  coal  is  thin,  and  access  is  bad.  The  cost 
of  working  a  3  ft.  to  3J  ft.  seam  of  brown  coal  will  be  very  great,  and  trans¬ 
port  to  the  railroad  will  be  expensive.  Hence  it  is  unlikely  that  the 
Tangarakau  coal  can  compete  successfully  with  other  coals  outside  the 
district  in  which  it  occurs.  It  must  be  remembered  that  two  large  mines 
are  about  to  be  opened  in  the  neighbourhood  of  Huntly,  and  if  these 
and  the  other  mines  of  the  Waikato  district  are  operated  at  fall  capacity 
they  will  be  able  to  supply  Taranaki  as  well  as  Auckland.  Coal  is  scarce 
in  New  Zealand  markets  at  present,  but  the  scarcity  is  due  to  want  of 
miners,  not  to  want  of  coal.  The  fact  that  miners,  if  available,  could  be 
more  profitably  employed  in  the  mines  of  the  Waikato,  Westport,  Grey- 
mouth,  and  Otago  districts  than  in  the  Tangarakau  Gorge  needs  to  be 
emphasized.  Again,  when  the  branch  railway  from  Okahukura  reaches 
Ohura  the  opening  of  the  Waite whena  coalfield  will  be  feasible.  In  a  few 
years’  time  it  is  hoped  that  the  railway  now  ending  at  Tahora  will  be 
extended  to  Ohura.  Once  the  connection  with  Ohura  is  made,  the  Tanga¬ 
rakau  Gorge  coal  will  be  hopelessly  unable  to  compete  with  the  Waitewhena 
coal.  Further,  as  the  railway  is  extended  from  Tahora  into  the  Heao 
Valley,  it  is  possible  that  better  seams  than  those  of  the  Tangarakau  Gorge 
will  be  found  close  to  the  railway.  In  fact,  Dr.  Henderson*  has  already 
reported  that  a  seam  at  least  5  ft.  thick  outcrops  about  a  mile  north-west 
of  Tatu  Village  (Upper  Heao  Valley). 

The  Tangarakau  Gorge  seams,  however,  deserve  a  certain  amount  of 
prospecting.  The  main  seam  is  probably  5  ft.  or  6  ft.  thick  in  places,  and, 
if  so,  a  small  mine  could  be  opened  in  it  to  supply  Tahora,  Whangamomona, 
and  other  townships  as  far  south  as  Stratford.  The  coal  will  probably  have 
to  be  carted  over  a  bad  road  to  Tahora  at  considerable  expense.  The  cost 
of  a  special  tram-line  will  hardly  be  justified,  but  the  gorge  may  possibly 
be  tapped  in  the  near  future  by  a  timber  tram,  and,  if  so,  fairly  cheap 
transport  for  small  quantities  of  coal  will  be  available. 

If  mining-rights  are  granted  over  areas  in  the  Tangarakau  Gorge,  special 
conditions  ought  to  be  inserted  in  the  leases,  in  order  to  prevent  the  coal 
from  being  wastefully  mined,  and  especially  in  order  to  obviate  the  danger 
of  fires  starting  in  the  mines.  Conditions  sufficiently  stringent  to  prevent 
the  destruction  of  the  forest  scenery  by  indiscriminate  felling  of  the  bush 
are  also  desirable. 

Detailed  geological  survey  of  the  Tangarakau  and  adjoining  districts 
is  advisable,  and  steps  are  now  being  taken  to  begin  such  a  survey.  Apart 
from  the  work  of  the  geologist,  a  little  surface  prospecting  is  desirable.  This 
should  be  done  by  one  or  two  men  specially  appointed  for  the  work.  They 
could  act  under  the  direction  of  the  geologist  in  charge  of  the  survey  ;  but 
it  should  be  understood  that  an  ordinary  geological-survey  party  cannot 
undertake  the  digging  and  driving  involved  in  serious  prospecting.  This 
is  a  class  of  work  distinct  from  geological  survey. 

The  natural  outlet  for  any  coal  mined  beyond,  say,  the  61-mile  post 
in  the  Tangarakau  Gorge  will  be  towards  Tatu,  in  the  Upper  Heao  Valley, 
rather  than  towards  Tahora  (the  present  rail-head).  Hence,  until  the 
railway  reaches  Tatu,  which  will  not  be  for  six  or  seven  years  at  least,  any 
proposal  to  mine  coal  on  a  large  scale  from  the  seam  or  seams  outcropping 
at  63  m.  and  64  m.  30  ch.  (Coal  Creek)  must  be  considered  premature. 


*  N.Z.  Jour.  Sci.  Tech.,  vol.  2,  No.  (3,  p.  398,  1919. 
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Appendix  I. — Goal-analyses. 


(1.) 

(2.) 

(3.) 

Fixed  carbon 

50-14 

42-6 

37-60 

Volatile  hydrocarbons 

27-72 

38-3 

38-65 

Water 

15-01 

13-6 

14-85 

Ash 

7-13 

5-5 

8-90 

100-00 

100-0 

100-00 

Sulphur,  per  cent. 

.  . 

0-6 

3-6 

(1.)  Sample  from  Tangarakau  River,  forwarded  by  Government  Geologist 
(Alex.  McKay).  33rd  Ann.  Rep.  Col .  Lab.,  p.  6,  1900.  See  also  McKay’s 
report  of  1899  (mentioned  in  Appendix  II),  pp.  29-30. 

(2.)  Sample  from  outcrop  near  63  m.  on  Stratford-Oliura  Road,  taken 
by  District  Engineer,  Public  Works  Department.  Analysis  made  in 
Dominion  Laboratory,  August,  1919. 

(3.)  Sample  from  outcrop  of  small  seam  on  Section  2,  Block  VII,  Pouatu 
Survey  District.  Analysis  made  in  Dominion  Laboratory,  October,  1919. 

Appendix  II. — Previous  Geological  Reports. 

In  1886,  and  again  in  1887,  Professor  James  Park  visited  northern 
Taranaki,  but  did  not  penetrate  into  Pouatu  Survey  District  on  either 
occasion.  He  wrote  two  reports  dealing  with  his  field-work  in  those  years, 
entitled, — 

(1.)  “  On  the  Geology  of  the  Western  Part  of  Wellington  Provincial 
District,  and  Part  of  Taranaki.”  Rep.  Geol.  Explor.  during 
1886-87,  No.  18,  pp.  24-73,  1887.  The  Tangarakau  River  is 
mentioned  on  pp.  65,  72,  and  73 ;  the  Ohura  and  Heao  Rivers  on 
pp.  72  and  73.  Park  quotes  reports  to  the  effect  that  an  8  ft. 
seam  outcrops  in  the  Tangarakau,  a  4-5  ft.  seam  at  the  head  of 
the  Heao  (probably  that  seen  by  Dr.  Henderson  in  1917),  and  a 
3  ft.  seam  near  the  mouth  of  the  Ohura. 

(2.)  “  On  the  Upper  Wanganui  and  King-country.”  Same  volume  as 
above,  pp.  167-82.  The  Tangarakau  River  is  mentioned  on 
pp.  172,  181  ;  the  Heao  and  Ohura  Rivers  on  p.  173. 

In  April,  1889,  Mr.  Alexander  McKay  inspected  the  proposed  railway 
route  from  Stratford  to  the  Tangarakau  River.  He  wrote  a  report  entitled 
“  Report  on  the  District  between  Stratford  and  the  Tangarakau  River.” 
Pari.  Paper  C.-9,  pp.  28-30,  1899  (bound  in  Mines  Report  for  that  year). 
McKay  succeeded  in  reaching  the  Tangarakau  River  at  a  point  twelve 
miles,  he  says,  from  the  nearest  coal-outcrop,  and  followed  its  right  bank 
for  some  distance,  but  did  not  find  any  coal-outcrops.  He  obtained  a  sample 
of  coal  from  some  unknown  source,  and  the  analysis  of  this  is  quoted  above. 

In  or  about  1909  Mr.  E.  Phillips  Turner  (then  of  the  Lands  and  Survey 
Department)  made  a  careful  search  for  an  outcrop  of  coal  said  to  exist  near 
the  mouth  of  the  Ohura  River,  but  found  loose  coal  only  in  the  locality. 
He  then  went  some  miles  up  the  Ohura  in  search  of  another  reputed  outcrop, 
but  failed  to  find  it.  His  manuscript  report  is  now  attached  to  a  Mines 
Department  file. 

In  1917  Dr.  J.  Henderson  traversed  the  Tangarakau  Gorge.  His 
observations  are  contained  in  a  report  entitled  “  The  Taranaki  Coalfield,” 
and  published  in  the  N.Z.  Journal  of  Science  and  Technology,  vob  2,  No.  6, 
pp.  393-99,  1919  (see  especially  p.  398). 
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NATURAL  -  HISTORY  NOTES. 

A  New  Species  of  Drosophilid  Fly,  by  David  Miller. 

Upon  going  through  a  collection  of  various  species  of  Agaric,  Mr.  E.  H. 
Atkinson,  of  the  Government  Biological  Laboratories,  found  several  speci¬ 
mens  infested  by  dipterous  larvae,  which  he  handed  to  me  for  identification. 
On  these  larvae  being  bred  out  it  was  found  that  they  belonged  to  a  new 
but  common  species  of  the  genus  Leucophenga  (fam.  Drosophilidae) ;  this 
species  is  herewith  named  after  Mr.  Atkinson. 

Leucophenga  atkinsoni  n.  sp. 

A  small  brownish-yellow  fly  with  pinkish  eyes  when  alive,  and  several 
transverse  yellowish  bands  alternated  with  brown  ones  across  the  abdomen. 


Fig.  1. — Leucophenga  atkinsoni  ;  head  and  thorax  (side  view). 


Eyes  broadly  dichoptic,  minutely  haired,  pinkish-red  when  alive  but 
becoming  dull  red  after  death  ;  1st  and  2nd  antennal  joints  yellowish- 
brown  and  bristly  ;  3rd  joint  blackish-brown  and  pubescent ;  arista  feathered 
with  long  hairs  above  and  below  and  with  a  row  of  very  short  ones 
above  (fig.  1);  front  and  vertex  yellowish-brown,  chaetotaxy  as  shown  in 
fig.  2  ;  face,  narrow  parafacials,  and  epistoma  tawny  ;  clypeus  distinct, 
yellowish-brown  but  somewhat  silvery  at  times  and  with  two  narrow  trans¬ 
verse  darker  bands  ;  cheeks,  oral  margin,  and  occiput  yellowish-brown  but 
with  silvery  reflections  ;  oral  vibrissae  present,  the  remaining  vestiture 
shown  in  fig.  1  ;  proboscis  pale  yellowish-brown  with  long  and  short  delicate 
hairs  on  lower  side,  labella  clothed  with  delicate  hairs  ;  palpi  clavate, 
brownish-yellow,  and  bristly  at  apex  and  on  lower  side  distally. 

Thorax  brown  clothed  with  numerous  rows  of  very  small  black  bristles 
on  the  dorsum,  the  chaetotaxy  of  which  is  shown  in  figs.  3  and  1  ;  sterno- 
pleurae  with  three  large  bristles  above  and  delicate  ones  below  (fig.  1)  ; 
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halteres  pale  yellow.  Legs  tawny  and  bristly  ;  large  bristles  distally  on 
anterior  femora  ;  all  the  tibiae  with  apical  bristles  ;  coxae  with  long  bristles  ; 
posterior  protarsus  a  little  longer  than  the  following  joint.  Wings  clear, 
vein  Ed  very  short  appearing  as  vein  Sc  and  meeting  the  costa  considerably 
before  the  middle  ;  costa  ends  at  vein  R4+5  ;  vein  Sc  rudimentary  and 
evanescent  distally  ;  cells  M  and  1st  M2  confluent  ;  cell  Cu  present. 

Abdomen  bristly,  the  bristles  longer  along  posterior  margins  of  the 
segments  ;  each  segment  tawny  but  with  black  areas  as  shown  in  fig.  4. 

Length  of  S  and  $  3  mm. 

Syntypes  No.  1240. 


Fig.  2. — Leucophenga  atkinsoni  ;  chaetotaxy  of  head  (dorsal  view). 
Fig.  3. — Leucophenga  atkinsoni  ;  chaetotaxy  of  dorsum  of  thorax. 
Fig.  4. — Leucophenga  atkinsoni  ;  abdomen. 


Habitat. — A  very  common  fly,  particularly  during  the  autumn  ;  it  may 
be  found  in  large  numbers  in  shaded  and  moist  places.  The  larvae,  which 
breed  in  various  species  of  Agaric ,  are  pearl-white  with  a  shiny  black  head  ; 
on  the  underside  of  the  abdominal  segments  is  a  transverse  cup-like  ridge 
armed  with  minute  curved  black  spines,  acting  as  locomotory  organs  ; 
the  posterior  and  anterior  “  lip  ”  of  the  posterior  and  anterior  “  prolegs  ” 
respectively  is  unarmed.  The  larva  when  fully  grown  is  elongate  and 
narrow,  and  measures  up  to  8  mm.  in  length.  Pupation  occurs  in  the  ground 
amongst  decaying  vegetation. 


The  Occurrence  of  Cylichnella  arachis  (Q.  &  G.)  in  New  Zealand 

Waters,  by  Miss  M.  K.  Mestayer,  Dominion  Museum. 

In  the  type  molluscan  collection  at  the  Dominion  Museum  there  are  four 
specimens  of  Cylichnella  marked  as  types  of  T.  W.  Kirk’s  Cylichna  zea- 
landica.  These  were  recently  examined  by  Mr.  C.  Hedley,  who  identified 
the  three  smallest  as  Cylichnella  thetidis  (Hedley),  and  the  largest  as 
Cylichnella  arachis  (Q.  &  G-.).  The  latter  proves  by  measurement  to  be 
the  type  of  Cylichna  zealandica  T.  W.  Kirk.*  All  four  specimens  were 
obtained  at  Waikanae. 

Suter  states  that  Cylichnella  arachis  (Q.  &  Gr.)f  does  not  occur  in  New 
Zealand  waters  ;  but  this  is  a  mistake,  as  a  careful  examination  of  material 


*  Trans .  N.Z.  Inst.,  voL  12,  p.  307,  1880. 
f  Man.  N.Z.  Moll.,  p.  520,  1913. 
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obtained  from  dredgings  off  Cuvier  Island,  off  the  Hen  and  Chickens 
Islands,  and  in  Hauraki  Gulf,  at  depths  ranging  from  26  to  40  fathoms, 
resulted  in  the  securing  of  over  fifty  specimens  of  C.  arachis  (Q.  &  G.), 
some  of  which  are  in  the  Dominion  Museum.  I  also  have  one  obtained  in 
beach-drift  at  Titahi  Bay,  Cook  Strait.  As  Suter  had  some  of  the  same 
dredgings  from  which  I  obtained  these  specimens,  he  probably  placed  his 
specimens  as  C.  thetidis  (Hedley). 


REVIEWS  AND  ABSTRACTS. 

Report  on  Australian  Opossums  in  New  Zealand,  by  Professor  H.  B.  Kirk. 
N.Z.  Pari.  Paper  H.-28 ,  12  pp.,  1920. 

Professor  H.  B.  Kirk  was  delegated  by  the  Governors  of  the  New 
Zealand  Institute  to  investigate  certain  aspects  of  the  remarkably  success¬ 
ful  acclimatization  of  the  Australian  opossum  in  New  Zealand.  In  his 
report  to  the  Hon.  the  Minister  of  Internal  Affairs  he  treats  his  subject 
in  a  masterly  fashion,  and  judicially  weighs  the  pros  and  cons  of  the 
opossum  question. 

Concise  information  as  to  the  damage  done  to  orchards,  plantations, 
gardens,  forests,  and  plant  sanctuaries  is  recorded,  followed  by  articles  on 
the  habits  of  this  animal  in  its  new  environment.  The  economic  value 
of  the  fur  trade  is  discussed,  and  regulation's  for  control  are  suggested,  even 
to  specifying  what  kind  of  traps  shall  be  used.  It  is  surprising  to  learn 
that  the  present  value  of  opossum-skins  exported  from  New  Zealand 
annually  is  not  less  than  £15,000,  and  probably  a  great  deal  more. 

In  summarized  form  the  author  recommends  a  perpetual  open  season 
in  what  he  terms  “  fruit  districts/ 5  with  a  restricted  open  season — governed 
by  various  factors — in  other  districts  where  the  opossum  is  found.  Another 
recommendation  is  the  stocking  of  the  Great  Alpine  Range  with  a  new 
brood  of  Tasmanian  brown  opossums.  It  is  considered  that  the  damage 
done  to  New  Zealand  forests  is  negligible  and  is  far  outweighed  by  the 
advantage  that  already  accrues  to  the  community. 

Professor  Kirk  has  chosen  his  words  carefully,  and  deals  with  the 
evidence  in  a  way  that  spells  thoroughness.  It  is  to  be  hoped -that  all 
acclimatization  societies  and  the  community  likely  to  be  affected  will  have 
an  opportunity  of  consulting  this  report.  H.  H. 

Report  on  the  Mosquito  Investigation  earned  out  in  the  North  Auckland 
Peninsula  of  New  Zealand  during  the  Summer  of  1918-19,  Part  I, 
by  David  Miller,  Government  Entomologist.  Department  oj  Health 
Publication  No.  3,  38  pp.,  7  maps,  33  figs. 

The  subject-matter  of  this  bulletin  is  the  less  technical  portion  of  the 
results  gained  in  a  detailed  exploration  of  the  North  Auckland  Peninsula, 
conducted  under  the  auspices  of  the  Department  of  Health  by  Mr.  D. 
Miller,  the  Government  Entomologist,  a  well-known  authority  on  the 
Diptera.  The  prevalence  of  mosquitoes  which  act  as  intermediate  hosts  of 
malaria  and  yellow-fever  organisms  in  countries  similarly  situated,  and  the 
return  to  the  Dominion  of  numerous  soldier  malaria  patents  liable  to  a 
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recurrence  of  the  disease,  rendered  it  imperative  that  our  scanty  knowledge 
of  New  Zealand  mosquitoes  should  be  reinforced  by  definite  data  concerning 
the  presence  or  absence  of  disease-carrying  Culicidae  in  this  country,  and 
the  suitability  of  North  Auckland  as  a  breeding-area  should  such  forms 
be  accidentally  introduced. 

Previous  to  this  investigation  only  five  species  of  mosquitoes  had  been 
recorded  from  New  Zealand,  and  of  these  practically  nothing  was  known. 
The  report  adds  to  the  list  several  others,  of  which  one  is  of  extreme  and, 
one  may  say,  of  painful  interest,  since  it  departs  from  the  oft-quoted  rule 
that  only  the  female  bites.  This  is  a  large  littoral  species,  of  which  the 
intermediate  stages  are  passed  in  shallow  rock-pools,  and  which  possesses 
in  addition  so  many  structural  peculiarities  as  probably  to  warrant  the 
erection  of  a  new  subfamily. 

A  common  white-striped  species '  from  Auckland  City  bears  a  superficial 
resemblance  to  the  yellow-fever  mosquito  ( Aedes  calojms),  from  which, 
however,  the  excellent  figures  enable  one  readily  to  distinguish  it. 

Most  of  the  figures  are  original,  and  all  are  to  be  commended  for  the 
clearness  of  detail  displayed.  The  differences  in  mouth-parts  between 
the  sexes,  and  the  modification  of  the  dipterous  trophi  to  form  piercing 
and  sucking  organs,  have  been  described  again  and  again,  but  never 
figured  with  greater  clearness  than  now. 

In  a  similarly  lucid  manner  are  indicated  the  outstanding  points  of 
difference  between  the  Culicines,  comprising  the  common  mosquitoes  and 
the  yellow-fever  species,  and  the  Anophelines,  to  which  belong  the  carriers 
of  malaria.  All  the  species  studied  belong  to  the  former  group,  although 
a  little  doubt  remains  regarding  the  presence  of  an  Anopheline,  a  species 
of  which  was  seen,  but  not  captured.  Whether  this  is  a  malaria-carrier 
or  not  remains,  therefore,  uncertain. 

The  habitats  of  mosquitoes,  especially  during  their  preparatory  stages,  are 
described  in  considerable  detail.  One  learns  that  practically  any  accumu¬ 
lation  of  water  may  support  mosquitoes,  provided  it  be  not  too  large,  in 
which  case — as,  for  example,  a  lake — the  number  of  fish,  predaceous  insects, 
and  other  enemies  renders  existence  impossible,  even  were  other  conditions 
favourable.  The  knowledge  of  this  important  point  simplifies  considerably 
the  problem  of  control,  and  incidentally  demonstrates  the  futility  of  intro¬ 
ducing  fish  and  the  larger  carnivorous  insects  which  require  a  large  body 
of  water.  It  is  shown  that  breeding  localities  may  be  permanent,  or,  on 
the  other  hand,  that  the  pest  may  be  totally  dependent  on  temporary 
accommodations  of  water,  such  as  fill  the  discarded  household  receptacles 
of  the  rubbish-heap,  or  the  hoof-prints  of  stock  in  marshy  pastures.  New 
and  unexpected  breeding-places  are  described  in  the  axils  and  leaf-bases 
of  forest  epiphytes,  and  in  the  hollows  of  logs  and  tree-fern  stumps. 
Rapid  streams,  too  turbulent  in  the  main,  for  Culicid  larvae,  may  still 
support  their  quota  of  the  pest  in  potholes  eroded  out  of  the  river-bed. 

Of  the  measures  of  control  recommended,  the  use  of  very  dilute  copper- 
sulphate  solution,  or  of  an  oil  film  such  as  that  formed  by  kerosene  or  by 
the  Panama  carbolic-resin  emulsion,  is  applicable  to  bodies  of  water  which 
cannot  be  eliminated.  Swamps  should  be  drained,  and  watercourses 
cleared  of  weeds  and  debris. 

The  territory  investigated  is  described  in  detail,  geographically  and 
topographically,  and  the  whole  area  divided  into  eight  natural  provinces. 
Under  the  account  of  each  district  the  permanent,  temporary,  and  artificial 
breeding  locations  all  receive  detailed  notice,  and  at  the  same  time  the 
methods  of  control  most  easily  applicable  locally  are  indicated. 
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It  is  noteworthy  that  in  the  two  largest  centres  of  population  dealt  with 
— namely,  Auckland  City  and  Whangarei — both  of  which  suffer  heavy  infesta¬ 
tion,  large  permanent  breeding-grounds  are  absent,  and  the  difficulties  of 
control  are  commensurately  reduced.  The  locations  in  both  these  areas 
are  streams,  catch-basins,  gully-traps,  and  artificial  receptacles  of  all  kinds. 
It  would  be  a  task  of  comparative  ease  to  clear  the  courses  of  the  streams, 
apply  oil  or  copper  sulphate  to  catch-basins  and  artificial  ponds,  and  to 
collect  and  destroy  the  discarded  pots  and  pans,  thus  effecting  a  very 
material  reduction  in  the  numbers  of  mosquitoes. 

A  very  striking  feature  is  the  presence  of  eight  maps  illustrating  the 
boundaries  of  the  areas  studied,  and  supplying  a  surprising  quantity  of 
topographical  information. 

It  appears,  then,  as  a  result  of  the  investigation,  that  the  yellow-fever 
mosquito  is  almost  certainly  absent,  and  the  Anophelines  only  very  doubt¬ 
fully  represented  ;  but  that,  while  there  is  thus  no  need  for  great  anxiety 
regarding  the  spread  of  malaria  in  this  country,  there  yet  remain  many 
other  reasons  for  suppressing  the  mosquito  pest  as  much  as  possible.  The 
report  shows,  furthermore,  that  the  checking  of  mosquito-breeding  is  not 
only  within  our  power,  but  is  eminently  practicable. 

It  is  no  exaggeration  to  say  that  the  report  here  reviewed  marks  the 
inception  of  a  new  era  in  the  progress  of  applied  entomology  in  the 
Dominion.  The  elimination  of  yellow  fever  and  of  malaria  was  the  first 
tremendous  contribution  of  economic  entomology  to  the  welfare  of  humanity. 
It  is  therefore  a  matter  for  satisfaction  that  this  country,  by  investigating 
the  same  subject,  is  now  falling  into  line  with  countries  in  which  the  study 
of  the  humanistic  relationships  of  insects  is  already  a  powerful  factor  in  the 
prosperity  of  the  community.  J.  G.  M. 

A  Name-list  of  the  Birds  of  New  Zealand,  by  Gregory  M.  Mathews  and 

Tom  Iredale.  Austral  Avian  Record ,  vol.  4,  p.  49,  1920. 

Although  this  list  contains  only  names,  it  is  of  special  interest  to  New 
Zealand  ornithologists,  as  giving  the  matured  opinion  of  the  authors  on  the 
nomenclature  to  he  applied  to  the  birds  of  New  Zealand,  and  on  a  classifi¬ 
cation  in  accordance  with  both  superficial  and  anatomical  characters  (see 
the  following  review  on  “  Avian  Taxonomy”). 

Perhaps  the  chief  feature  of  the  list  is  the  omission  of  trinomial  names, 
thus  emphasizing  the  specific  groups,  a  welcome  reversion  to  the  Linnean 
principles  of  nomenclature.  The  present  list  includes  the  names  of  211 
species  of  birds,  of  which  thirty-six  (excluding  petrels)  have  occurred  three 
times  or  fewer  in  the  New  Zealand  area  as  covered  by  the  list,  which 
includes  the  Subantarctic  Islands  and  the  Kermadecs. 

In  a  previous  “  Eeference  List  of  the  Birds  of  New  Zealand,”  published 
by  Mathews  and  Iredale  in  the  Ibis  for  1913,  trinomials  are  used,  and  full 
references  and  distribution  given.  An  abstract  of  this  list  was  given  by 
Benham  in  Trans.  N.Z.  Inst.,  vol.  46,  p.  188.  The  present  list  differs 
from  the  Eeference  List  mainly  in  restoring  to  specific  rank  a  few  forms 
formerly  given  as  subspecific  only,  as  in  the  genera  Eudyptes,  Haematopus, 
and  Hemiphaga,  and  in  changing  several  generic  and  a  few  specific  names. 
Heterolocha  is  used  in  place  of  N eomorpha,  and  Hydroprogne  caspia  instead 
of  H.  ts che grava.  The  reason  for  these  changes  is  not  obvious,  as  the  less 
familiar  names  were  used  in  the  Eeference  List  on  account  of  priority  of 
publication  (page  precedence). 

The  authors  promise  a  handbook  of  the  birds  of  New  Zealand,  dealing 
systematically  with  all  the  species.  W.  E.  B.  0. 
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Avian  Taxonomy,  by  Gregory  M.  Mathews  and  Tom  Iredale.  Austral 

Avian  Record ,  vol.  4,  p.  29,  1920. 

In  this  paper  the  authors  propose  a  new  classification  of  Recent  species 
of  birds,  and  give  a  list  of  the  families  and  higher  groups.  Former 
attempts  at  classification  are  referred  to,  especially  those  of  Stejneger, 
Sharpe,  and  Shufeldt.  The  present  authors  claim  their  essay  as  “  an 
attempt  to  deal  broadly  with  the  subject  from  a  knowledge  of  the  birds 
themselves,  due  consideration  being  given  to  the  anatomy  and  osteology.” 
The  class  Aves  is  divided  into  three  subclasses,  comprising  twenty-nine 
orders,  which  are  recognized  as  groups  of  little  value  in  comparison  with 
mammalian  or  reptilian  orders.  The  orders  are  again  subdivided  into 
numerous  suborders,  superfamilies,  and  223  families. 

The  division  of  birds  into  Carinatae  and  Ratitae  is  considered  indefen¬ 
sible,  while  the  three  subclasses,  Dromaeornithes,  Impennes,  and  Euornithes, 
are  accepted  as  a  reasonable  compromise. 

Dromaeornithes  includes  the  orders  Struthiones,  Rheae,  and  Casuarii 
only,  and  of  these  the  authors  anticipate,  at  a  later  stage,  dispersal  among 
the  Euornithes.  Apteryges  and  Tinami,  which  usually  find  a  place  in  this 
subclass,  are  placed  by  Mathews  and  Iredale  among  the  Euornithes,  next 
to  Ralli. 

The  subclass  Impennes  includes  only  the  order  Sphenisci,  or  penguins, 
which  are  considered  to  differ  in  toto  from  all  existing  birds. 

The  remaining  existing  birds  are  placed  in  the  subclass  Euornithes, 
divided  into  the  following  twenty-five  orders  :  Procellariae  (petrels,  alba¬ 
trosses),  Fregati  (frigate-bird),  Pelicani  (shags,  gannets),  Lari  (tropic-bird, 
gulls,  terns,  skuas,  plovers,  divers),  Psophii,  Ralli  (rails,  wekas,  grebes), 
Apteryges  (kiwi),  Tinami,  Galli  (quail),  Syrrhaptes,  Columbae  (pigeons), 
Anates  (ducks),  Phoenicopteri,  Herodiones  (herons,  ibis),  Falcones  (hawks), 
Striges  (owls),  Psittaci  (parrots),  Cuculi  (cuckoos),  Coraciae,  Halcyones 
(kingfishers),  Pici,  Trogoni,  Macrochires  (swifts),  Menurae,  Passeres  (perch¬ 
ing  birds). 

Notable  features  in  this  classification  are  (1)  the  splitting-up  of  Stegano- 
podes  by  placing  Fregatidae  in  a  separate  order  and  uniting  Phaethonidae 
with  the  Lari ;  (2)  the  grebes  and  divers  are  divided,  the  former  being 
included  in  the  Ralli  and  the  latter  in  the  Lari ;  (3)  Apteryges  is  considered 
a  very  distinct  group,  of  Rail  me  affinity ;  (4)  the  Tinami  are  stated  to  have 
Galline  and  Ralline  relations  and,  like  the  Apteryges,  cannot  be  placed 
near  the  Ratitae. 

Some  remarks  of  interest  on  the  relative  value  of  the  groups  into  which 
birds  are'  divided  are  made  when  dealing  with  the  “  Pico-Passerines,”  or 
last  seven  orders.  Together  they  are  considered  scarcely  equal  in  value 
to  one  of  the  preceding  orders,  and  the  order  Passeres  is  given  the  rank  of 
family  by  ornithologists  attempting  logically  to  subdivide  birds  into  groups 
of  equal  value.  Mathews  and  Iredale  accept  eighty  families  in  this  order. 
Altogether  the  tendency  of  systematists  at  the  present  day  is  to  subdivide 
groups  as  their  study  becomes  more  intensive,  and  this  has  resulted  in  the 
multiplication  of  families  instead  of  merely  dividing  them  and  giving  names 
of  lower  rank  to  the  divisions.  Thus  each  new  classification  usually  con¬ 
tains  more  family  names  than  the  one  preceding  it.  The  present  list  well 
illustrates  this,  and  in  this-  respect  is  similar  to  the  other  published  work 
of  Mathews  and  Iredale.  W.  R.  B.  0. 
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CORRESPONDENCE. 

Frogs  in  New  Zealand. 

Sir, — In  the  interesting  paper  by  A.  S.  Thomson,  M.D.  (N.Z.  Journal  of 
Science,  vol.  3,  p.  220),  mention  is  made  of  the  New  Zealand  frogs.  Possibly 
the  following  confirmatory  note  on  the  subject  may  be  of  interest.  In  the 
earth  “  sixties  ”  I  was  one  of  the  four  Government  surveyors  attached  to 
the  Native  Land  Purchase  Department  at  Auckland.  On  the  24th  June, 
1862,  I  received  instructions  to  proceed  to  Coromandel  to  define  the 
boundaries  of  the  Tokatea  Block,  which  His  Excellency  Sir  George  Grey 
had  recently  arranged  to  lease  from  the  Maori  owners  for  gold-digging 
purposes.  On  the  same  day  I  accompanied  Mr.  (afterwards  Sir)  Donald 
McLean,  Chief  Land  Purchase  Commissioner,  on  board  PI.M.S.  “  Harrier/’ 
Captain  Sir  Malcolm  McGregor,  and  we  steamed  down  to  Kopu-tauake,  a 
bay  a  little  to  the  north  of  Coromandel,  where  we  found  all  the  Maoris  of 
the  district  assembled  to  receive  payment  of  £1,200,  being  two  years’  rent 
at  £500  a  year  and  £200  for  some  outside  claims.  The  money,  in  sovereigns, 
was  placed  in  squares  on  a  mat,  and  then  handed  over  to  Riria,  a  fine  old 
Maori  woman,  who  was  the  principal  owner  of  the  land  leased. 

Accompanied  by  my  cadet,  Mr.  Charles  Godfrey  Knight,  and  a  party 
of  local  Maoris,  I  commenced  the  survey  on  the  8th  July,  and  carried  the 
boundary-line  of  the  lease  along  the  main  dividing  range  of  the  Coromandel 
Peninsula,  passing  the  massive  Tokatea  rock  of  white  quartz  situated  on 
the  summit  of  the  range,  and  which  afterwards  gave  its  name  to  the  famous 
gold-mine.  On  the  15th  July,  while  examining  the  loose  stones  on  the 
crest  of  the  range,  moss-covered  and  damp  from  the  elevation,  to  my 
great  surprise  I  discovered  under  these  stones  several  little  frogs,  which 
were  about  1  in.  in  length  and  J  in.  in  width.  They  were  green  and 
golden-brown  in  colour,  and  very  pretty  little  objects.  I  asked  my  Maoris 
about  them,  but  they  had  never  seen  them  before,  nor  could  they  give  me 
a  name  for  them,  beyond  saying  they  were  jporaJca,  which  would  be  their 
pronunciation  of  the  English  word  “  frog,”  thus  clearly  demonstrating 
that  they  had  heard  of  the  discovery  related  in  Dr.  Thomson’s  paper. 

I  secured  two  of  these  little  frogs,  and  placed  them  in  a  tin  match-box, 
and  on  my  return  to  Auckland  a  month  later  presented  them  to  Sir  George 
Grey — a  fact  which  he  reminded  me  of  some  twenty  years  afterwards. 

Though  I  have  been  on  nearly  every  mountain  and  range  in  the  North 
Island,  the  above  was  the  only  occasion  when  I  ever  saw  or  heard  of  any 
frogs.  Probably  they  are  confined  to  the  particular  range  of  mountains 
which  terminates  in  Cape  Colville.  g  Percy  Smith. 

[According  to  information  supplied  to  me  by  Mr.  Curtis,  of  Collingwood, 
the  native  frog  is  confined  to  the  upper  slopes  of  Mount  Moehau,  near 
the  north  end  of  the  Hauraki  Peninsula,  and  lives  in  the  moss  there  so 
abundant.  I  repeatedly  searched  for  it  around  Coromandel  and  Opitonui 
during  a  residence  of  some  months  at  the  latter  place,  but  never  obtained 
a  specimen.  A  second  species  of  New  Zealand  native  frog  was  recently 
discovered  on  Stephen  Island  (see  A.  It.  McCulloch,  “  A  New  Discoglossoid 
Frog  from  New  Zealand,”  Trans.  N.Z.  Inst.,  vol.  51,  1919,  pp.  447-49).  It 
seems  quite  possible  that  other  species  may  yet  be  discovered. — J.  A.  T.] 


1921.] 


Index. 


309 


INDEX. 


Absorption  spectrum  of  novae  (Gifford), 

115. 

Adams,  C.  E.,  Observations  of  southern 
variable  stars,  216. 

Adams,  C.  E.,  and  Marsden,  E.,  The 
Samoan  Observatory,  157. 

Andersen,  J.  C.,  Maori  string  games,  81, 
139,  197. 

Andrew,  R.  L.,  126. 

Arapuni  dam  site  :  Engineering  survey 
(Sealy),  72. 

Archey,  G.,  Record  of  a  fish  new  to  New 
Zealand,  223. 

Astronomical  notes,  115,  119,  216. 

Aubel,  V.  W.,  127. 

Auckland  Institute,  59. 

Australasian  Association  meeting  at  Ho¬ 
bart,  228. 

Australian  coot  in  New  Zealand  (Philpott), 
55. 

Avian  haematozoa  observed  in  New  Zea¬ 
land  (Do  re),  10. 

Avoca,  or  Whatarama,  district :  Mount 
Torlesse  Collieries,  &c.  (Morgan),  172. 
Bacteriology  in  relation  to  commercial 
meat  products  (Wright),  209. 

Best,  E. — 

A  toki  titaha,  or  stone  axe,  from  Tara¬ 
naki,  168. 

Huru,  or  ngahuru  :  Notes  on  a  wide¬ 
spread  word  denoting  ten,  and  its 
many  variant  forms  in  use  throughout 
the  Pacific  and  Indian  Ocean  regions, 
248. 

Stone-shanked  Maori  fish-hooks,  295. 
Two  greenstone  pendants,  169. 

Birks,  L.,  and  Ferguson,  G.  F.,  Notes  on 
high-tension  insulators,  177. 

Broken  River  coal  area  :  Geological 
features  (Speight),  93,  148. 

Burnett,  A.,  Occultations  of  a  star  by  the 
planet  Jupiter  in  1920,  119. 

Cable  spans  with  suspension  insulators 
(Robinson),  280. 

Calcium-carbonate  content  of  some  soils 
from  Canterbury  and  Southland  (Wild 
and  Neal),  70. 

Calculating  occultations  of  stars  by  the 
moon  (Westland),  217. 

Caldwell,  A.  C.,  and  Marsden,  E.,  Inductive 
interference  of  power  circuits  with  com¬ 
munication  circuits,  286. 

Cawthron  Institute,  65. 

Chilton,  C.,  Notes  on  two  northern  cirri - 
pedes  recorded  from  New  Zealand,  53. 
Cockayne,  L.,  Yellow  -  leaf  disease  in 
Phormium  tenax,  190. 

Cominella  quoyi  Kiener  (Hedley),  55. 
Correspondence,  308. 

Cotton,  C.  A.,  For  how  long  will  Welling¬ 
ton  escape  destruction  by  earthquake, 
229. 


Cushman,  J.  A.,  125. 

Departmental  reports,  172,  224,  297. 
Deposition  of  ice  by  a  glacier  spring 
(Hardcastle),  26. 

Design  of  laminated  springs  (Jenkinson), 

16. 

Discovery  of  a  frog  in  New  Zealand 
(Thomson),  220. 

Dominion  Museum,  175. 

Dore,  A.  B. — 

Notes  on  some  avian  haematozoa 
observed  in  New  Zealand,  10. 

The  occurrence  of  malaria  in  the  native 
ground-lark,  118. 

Editorial,  65. 

Elliot,  M.  A.,  Position  and  prospects  of 
the  frozen-meat  trade,  67. 
Entomological  news  (Hudson),  56. 
Ethnographical  explorations,  175. 

Farr,  C.  Coleridge,  Relativity,  232. 

Fenton,  Miss  E.  W.  J.,  and  Marsden,  E., 
The  relative  efficiency  of  coal,  gas, 
and  electricity  for  domestic  purposes, 
257. 

Ferguson,  G.  F.,  and  Birks,  L.  J.,  Notes  on 
high-tension  insulators,  177. 

Fletcher,  H.  J.,  63. 

Forestry,  rate  of  growth  of  trees  in  relation 
to  (Hutchins),  1. 

For  how  long  will  Wellington  escape 
destruction  by  earthquake  ?  (Cotton), 
229. 

Fossil  localities  in  Maitai  rocks,  two  new 
(Speight),  105. 

Frogs  in  New  Zealand  (Smith),  308. 
Geological  features  disclosed  by  excava¬ 
tions  at  the  proposed  dam  site  at  Ara¬ 
puni,  Wakato  River  (Henderson),  224. 
Gifford,  A.  C. — 

The  absorption  spectum  of  the  novae, 

115. 

The  origin  of  new  stars  :  the  dynamics 
of  celestial  encounters,  33. 

Habit  of  the  chiton  Cryptoconchus  porcsus 
(Burrow),  note  on  (Mestayer),  117. 
Hardcastle,  J.,  Deposition  of  ice  by  a 
glacier  spring,  26. 

Hedley,  C. — 

A  revised  name  for  a  New  Zealand 
trochoid,  54. 

On  Siphonalia  dilatata  of  Suter’s  Manual, 
54. 

Henderson,  J. — 

A  mineral  new  to  New  Zealand — 
pilolite,  79. 

Geological  features  disclosed  by  excava¬ 
tions  at  the  proposed  dam  site  at 
Arapuni,  Waikato  River,  224. 

Heskett,  J.  A.,  Smelting  the  titaniferous 
ironsands  of  New  Zealand,  111. 

Hog  ben,  G.,  The  interpretation  of  a 
typical  seismogram,  106. 


21 — Science. 


310 


The  N.Z.  Journal  of  Science  and  Technology. 


[Jan. 


Hudson,  G.  V. — 

Entomological  news,  56. 

Notes  on  the  “  hosts  ”  of  certain  para¬ 
sitic  Hymenoptera,  222. 

Huru,  or  ngahuru  :  Notes  on  a  wide¬ 
spread  word  denoting  ten,  and  its 
many  variant  forms  in  use  throughout 
the  Pacific  and  Indian  Ocean  regions 
(Best),  248. 

Hutchins,  Sir  D.  E.,  Rate  of  growth  of 
trees  in  relation  to  forestry  :  A  criticism 
of  Mr.  E.  Maxwell’s  paper,  1. 

Inductive  interference  of  power  circuits 
with  communication  circuits  (Caldwell 
and  Marsden),  286. 

Ironsands  of  New  Zealand,  smelting 
titaniferous  (Heskett),  111. 

Jaggar,  T.  A.,  A  New  Zealand  Department 
of  Volcano  Research,  162. 

Jenkinson,  S.  H.,  Design  of  laminated 
springs,  16. 

Jenness,  D.,  Proposals  for  ethnological 
research  in  New  Zealand,  213. 

Jubilee  of  Otago  Institute,  120. 

Jubilee  of  Otago  University,  121. 

Kirk,  H.  B.,  304. 

Landau,  D.,  and  Parr,  P.  H.,  60. 

Malaria  in  native  ground-lark,  occurrence 
of  (Dore),  118. 

Manures,  nitrogenous,  in  New  Zealand 
(Parry),  129. 

Maori  string  games  (Andersen),  81,  139, 
197. 

Marsden,  E.,  and  Adams,  C.  E.,  The 
Samoan  Observatory,  157. 

Marsden,  E.,  and  Caldwell,  A.  C.,  Induc¬ 
tive  interference  of  power  circuits  with 
communication  circuits,  286. 

Marsden,  E.,  and  Fenton,  Miss  E.  W.  J., 
The  relative  efficiency  of  coal,  gas,  and 
electricity  for  domestic  purposes,  257. 
Matthews,  G.  M.,  and  Iredale,  T.,  306,  307. 
Mestayer,  M.  K. — 

A  note  on  Pleurobranchaea  novae- 
zelandiae  Cheeseman,  170. 

Note  on  a  habit  of  the  chiton  Crypto- 
conchus  porosus  (Burrow),  117. 

Note  on  the  spawn-coils  of  Kerguelenia 
obliquata  (Sowerby),  171. 

The  occurrence  of  Cylichnella  arachis 
(Q.  &  G.)  in  New  Zealand  waters,  303. 
Metamorphosis  of  the  fly  Exaireta  spiniger 
Schiner  (Myers),  117. 

MiUer,  D.,  304. 

Miller,  D.,  A  new  species  of  drosophilid 
fly,  302. 

Moa-bones  from  Martin  borough,  156. 
Morgan,  P.  G. — 

Avoca,  or  Whatarama,  district :  Mount 
Torlesse  Collieries,  &c.,  172. 
Tangarakau  coalfield,  North  Taranaki, 
297. 

The  Tertiary  beds  of  Central  Otago,  29. 
Myers,  J.  G. — 

Metamorphosis  of  the  fly  Exaireta 
spiniger  Schiner,  117. 


Myers,  J.  G.—  continued. 

The  pupation  of  Nyviphostola  galactina 
Felder,  53. 

Natural-history  notes,  53,  117,  170,  220, 
302. 

Neal,  N.  P.,  and  Wild,  L.  J.,  The  calcium- 
carbonate  content  of  some  soils  from 
Canterbury  and  Southland,  70. 
Neuropteroid  insects  of  the  Hot  Spiings 
region,  New  Zealand,  in  relation  to  the 
problem  of  trout-food  (Tillyard),  271. 
New  species  of  drosophilid  fly  (Miller), 
302. 

New  Zealand  Institute  Science  Congress, 
227. 

Note  on  Pleurobranchaea  novae- zelandiae 
Cheeseman  (Mestayer),  170. 

Notes  on  high-tension  insulators  (Birks 
and  Ferguson),  177. 

Notes  on  the  “  hosts  ”  of  certain  parasitic 
Hymenoptera  (Hudson),  222. 
Observations  of  southern  variable  stars 
(Adams),  216. 

Occupations  of  a  star  by  planet  Jupiter 
(Burnett),  119. 

Occurrence  of  Cylichnella  arachis  (Q.  &  G.) 

in  New  Zealand  waters  (Mestayer),  303. 
On  Siphonalia  dilatata  of  Suter’s  Manual 
(Hedley),  54. 

Origin  of  new  stars  (Gifford),  33. 
Parasitism  in  New  Zealand  spiders  (Smith), 
13. 

Parr,  P.  H.,-  and  Landau,  D.,  60. 

Parry,  E.,  Nitrogenous  manures  in  New 
Zealand  :  The  proposed  utilization  of 
the  West  Coast  sounds  for  their  manu¬ 
facture,  129. 

Pendants,  two  greenstone  (Best),  169. 
Philpott,  A.,  On  the  occurrence  of  the 
Australian  coot  in  New  Zealand,  55. 
Pilolite,  a  mineral  new  to  New  Zealand 
(Henderson),  79. 

Position  and  prospects  of  frozen-meat 
trade  (Elliot),  67. 

Proposals  for  ethnological  research  in 
New  Zealand  (Jenness),  213. 

Pupation  of  Nymphostola  galactina  Felder 
(Myers),  53. 

Record  of  a  fish  new  to  New  Zealand 
(Archey),  223. 

Relative  efficiency  of  coal,  gas,  and 
electricity  for  domestic  purposes  (Mars¬ 
den  and  Fenton),  257. 

Relativity  (Farr),  232. 

Reviews  and  abstracts,  60,  125,  304. 
Revised  name  for  a  New  Zealand  trochoid 
(Hedley),  54. 

Robinson,  I.  R.,  Cable  spans  with  sus¬ 
pension  insulators,  280. 

Samoan  Observatorv  (Marsden  and  Adams), 
157. 

Science  Institute  for  Wellington  (Stout),  7 
Scientific  research  in  naval  matters,  1 24. 
Sealy,  C.  B.,  Some  notes  on  the  engineering 
survey  of  the  proposed  Arapuni  dam 
site,  72. 


1921.1 


Index. 


311 


Seismogram,  interpretation  of  a  typical 
(Hogben),  106. 

Skinner,  H.  D„,  62. 

Smith,  S.  Percy,  Frogs  in  New  Zealand 
( corresp .),  308. 

Smith,  W.  W.,  Parasitism  in  New  Zealand 
spiders,  13. 

Soils  from  Canterbury  and  Southland, 
calcium-carbonate  content  of  (Neal  and 
Wild),  70. 

Spawn-coils  of  Kerguelenia  obliquata,  note 
on  (Mestayer),  171. 

Speight,  R. — 

The  geological  features  of  the  Broken 
River  coal  area,  93,  148. 

Two  new  fossil  localities  in  Maitai 
rocks,  105. 

Stone  axe,  or  toki  tit, aha,  from  Taranaki 
(Best),  168, 

Stone-shanked  Maori  fish-hooks  (Best), 
295. 

Stout,  Sir  R.;  A  Science  Institute  for  Wel¬ 
lington,  7. 

Tangarakau  coalfield,  North  Taranaki 
(Morgan),  297. 

Tertiary  beds  of  Central  Otago  (Morgan), 
29. 


Thomson,  A.  S.,  On  the  discovery  of  a 
frog  in  New  Zealand,  220. 

Tillyard,  R.  J.,  Neuropteroid  insects  of 
the  Hot  Springs  region,  New  Zealand, 
in  relation  to  the  problem  of  trout-feed, 
271. 

Two  northern  cirripedes  recorded  from 
New  Zealand  (Chilton),  53. 

University  and  scientific  news,  58,  120, 
175,  227. 

Verconella  adusta  :  a  correction,  170. 

Volcano  Research,  New  Zealand  Depart¬ 
ment  of  ( Jaggar),  162. 

Walker,  M.,  63. 

Wellington  Philosophical  Society,  60,  123. 

Westland,  C.  J.,  A  brief  method  of  calcu¬ 
lating  occultations  of  stars  by  the 
moon,  217. 

Wild,  L.  J.,  and  Neal,  N.  P.,  The  calcium- 
carbonate  content  of  some  soils  from 
Canterbury  and  Southland,  70. 

Williams,  H.  W.,  62. 

Wright,  A.  M.,  Bacteriology  in  relation  to 
commercial  meat  jDroducts,  209. 

Yellow-leaf  disease  in  Phormium  tenax 
(Cockayne),  190. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 

1,800/11/20-18523 


SCIENTIFIC  PUBLICATIONS — continued. 

HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrln.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  I  Os. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  hoards,  £2. 

INDIGENOUS  GRASSES  OF.  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s.  ( 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  1.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  THE  BIRDS'OF  NEW  ZEALAND.  By  Walter  L.  Buller,  C.M.G.,  Sc.D., 
F.R.S.  Illustrated.  Royal  8vo.  Cloth  boards,  10s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  i.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW,  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2:  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3:  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of. the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6:  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  7  :  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish=remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  6d. 

REPORT  OF  THE  RECENT  SEISMIC  DISTURBANCES  WITHIN  THE  CHEVIOT 
COUNTY,  AND  AMURI  DISTRICT  OF  NELSON.  November  and  December,  1901. 
v  Illustrated.  By.  Alex-and.er  McKay,  F.G.S.  Paper  covers.  Is.  / 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW* ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F;L.S.  Crown  4to.  Cloth,  10s. 

TOWN-PLANNING  :  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  5s. 

WAIPOUA  KAURI  FOREST:  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d. 

Orders  should  be  addressed  to— 

GOVERNMENT  PRINTER, 

WELLINGTON. 


BOARD  OF  SCIENCE  AND  ART  BULLETIN  No.  I  :  New  Zealand  Brown  Coals. 
By  H.  Rands,  M.A.,  B.Sc.,  and  W.  O.  R.  Gilling,  M.A.,  B.Sc.  2s. 

BOARD  OF  SCIENCE  AND  ART  MANUAL  No.  1  :  New  Zealand  Plants  and  their 
Story.  By  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S.  2nd  edition,  rewritten  and  enlarged. 

99  photographs,  14  text-figures.  Full  cloth,  7s.  6d. ;  paper  covers,  5s. 

-  • 

Orders  should  be  addressed  to— 


THE  DIRECTOR,  DOMINION  MUSEUM, 


Or  any  Bookseller. 


THE  NEW  ZEALAND 

RNAL  OF  SCIENCE 

AND 

TECHNOLOGY. 


CONTENTS.  ■ 


ARTICLES 

C.  A.  COTTON.  For  how  long  will  Wellington  escape  Destruction  by 
Earthquake?  ...  ..  .  ^  ..  .. 

C.  COLERIDGE  FARR.  Relativity  ... 

E.  BEST.  Huru,  or  Ngahuru  Notes  on  a  Widespread  Word  denoting  Ten, 
and  its  many  Variant  Forms  in  Use  throughout  the  Pacific  and  Indian 
Ocean  Regions  . .  . .  . .  . . 

E.  MARSDEN  and  E.  W.  J.  FENTON.  The  Relative  Efficiency  of  Coal, 
Gas,  and  Electricity  for  Domestic  Purposes 

R.  J.  TILLYARD.  Neuropteroid  Insects  of  the  Hot  Springs  Region,  New 
Zealand,  in  Relation  to  the  Problem  of  Trout=food  ,  .  ..  .. 

I.  R.  ROBINSON.  Cable  Spans  with  Suspension  Insulators  ..  .. 

A.  C.  CALDWELL  and  E.  MARSDEN.  Inductive  Interference  of  Power 
Circuits  with  Communication  Circuits 

E.  BEST.  Stone=shanked  Maori  Fish-hooks  . .  . . 

DEPARTMENTAL  REPORT 

P.  G.  MORGAN.  Tangarakau  Coalfield,  North  Taranaki 


229 

232 

248 

257 

271 

280 

286 

295 

297 


NATURAL  HISTORY  NOTES 

A  New  Species  of  Drosophilid  Fly.  The  Occurrence  of  Cylichnella  arachis 

(Q.  &  G.)  in  New  Zealand  Waters  ..  ..  ..  ..  302 

REVIEWS  AND  ABSTRACTS 

Report  on  Australian  Opossums  in  New  Zealand.  Report  on  the  Mosquito 
Investigation  carried  out  in  the  North  Auckland  Peninsula  of  New  Zea= 
land  during  the  Summer  of  1918-19,  Part  I.  A  Name=Iist  of  the 
Birds  of  New  Zealand.  Avian  Taxonomy  . .  . .  . .  . .  304 

CORRESPONDENCE:— 

Frogs  in  New  Zealand  . .  . .  . .  . .  . .  . .  308 

INDEX  TO  VOLUME  HI  ..  ..  .'.  ..  309 


NOTICES. 

SUBSCRIPTIONS. — The  Journal  will  be  issued  six  times  a  year.  Subscription,  payable 
in  advance  and  including  postage,  6s.  per  annum  ;  single  copy,  Is.  6d.  Subscriptions 
should  be  forwarded  by  money=order  to  the  Director,  Dominion  Museum,  Wellington. 
Subscribers  are  requested  to  furnish  their  full  names  and  addresses. 

CORRESPONDENCE.  —  All  communications  relative  to  the  Journal  should  be 
addressed  to  the  Editor,  Dominion  Museum,  Wellington. 


THE  NEW  ZEALAND  BOARD  OF  SCIENCE  AND  ART. 


THE 

NEW  ZEALAND 

JOURNAL  OF  SCIENCE 

AND 

TECHNOLOGY. 


VOLUME  IV. 

Edited  by 

Dr.  J.  ALLAN  THOMSON; 

Assisted  by 

Professor  C.  A.  COTTON,  Mr.  S.  H.  JENKINSON,  and 
Professor  E.  MARSDEN,  Wellington. 

Professor  A.  P.  W.  THOMAS,  Auckland, 

Professors  C.  CHILTON  and  R.  J.  SCOTT,  Christchurch, 

and 

Professor  W.  B.  BENHAM,  Dunedin. 


Issued  under  the  authority  of  the  Hon.  W.  DOWNIE  STEWART, 

Minister  of  Internal  Affairs. 


WELLINGTON,  N.Z. 

By  Authority  :  Marcus  F.  Marks,  Government  Printer. 


1922. 


CONTENTS 


VOLUME  IV,  1921-22. 


No.  1. — March,  1921. 

Page 

Mangahao  Hydro-electric  Scheme  :  The  Structure  of  Mangahao  No.  1  Gorge,  and 

its  Bearing  on  the  Construction  of  the  Proposed  Dam.  By  G.  L.  Adkin  . .  1 

Note  on  a  Peculiar  Dagger-like  Weapon  used  by  the  Maori  in  Former  Times.  By 


E.  Best  . .  . .  . .  . .  . .  . .  . .  . .  5 

Astronomical  Notes  .  .  .  .  .  .  . .  . .  . .  . .  6 

Mean  Hourly  Values  of  the  Magnetic  Declination  and  the  Horizontal  Magnetic 


Force.  By  H.  F.  Skey 

•  • 

13 

Reefton  Coalfield.  By  J.  Henderson 

.  . 

18 

Notes  to  accompany  a  Geological  Map  of  the  Cheviot  District. 

By  J.  Henderson 

24 

The  New  Zealand  Institute  Science  Congress 

.  . 

31 

Reviews  and  Abstracts  . . 

*  .  . 

45 

No.  2. — April. 

The  Geology  of  Western  Samoa.  By  J.  A.  Thomson  . .  . .  . .  49 

Polynesian  Mnemonics  :  Notes  on  the  Use  of  the  Quipus  in  Polynesia  in  Former 
Times  ;  also  some  Account  of  the  Introduction  of  the  Art  of  Writing.  By 


E.  Best  . .  . .  .  .  . .  . .  . .  . .  67 

Chemical  Technology  of  the  Frozen-meat  Industry.  By  A.  M.  Wright  . .  74 

Notes  on  the  Habits  and  Uses  of  the  Toheroa.  By  M.  K.  Mestayer  . .  . .  84 

A  Mystery  of  Fiordland  :  A  Vanished  Maori  Tribe.  By  H.  Beattie  . .  . .  86 

Astronomical  Notes  . .  . .  . .  . .  . .  . .  91 

Natural-history  Notes  . .  . .  . .  . .  . .  . .  96 

Correspondence  . .  . .  . .  . .  . .  . .  . .  96 


No.  3. — June. 

Chemical  Technology  of  the  Frozen-meat  Industry  (Part  II).  By  A.  M.  Wright  97 
The  Failure  of  High-tension  Insulators  in  a  Damp  Atmosphere.  By  E.  Marsden 


and  G.  F.  Ferguson  . .  . .  . .  . .  .  .  . .  . .  108 

Electric  Power  for  Milking-plants.  By  L.  Birks  . .  . .  . .  110 

Notes  on  the  Edible  Fishes  of  New  Zealand,  with  a  Record  of  Fishes  exposed  for 

Sale  in  Wellington  during  1918.  By  W.  J.  Phillipps  . .  .  .  .  .  114 

Notes  on  Malarial  Infection  in  the  Imported  Skylark.  By  A.  B.  Dore  . .  126 

Thornhill’s  Sodium-sulphide  Process  for  the  Recovery  of  Mercury,  as  applied  to 

Cinnabar-ore  from  Puhipubi.  By  W.  Donovan. .  . .  . .  . .  129 

Astronomical  Notes  . .  . .  .  .  . .  '  .  .  . .  . .  135 

Natural-history  Notes  . .  . .  . .  . .  . .  . .  139 

Reviews  and  Abstracts  . .  . .  . .  . .  . .  . .  . .  142 

Correspondence  .,  ..  ..  ..  ..  ..  ,.  144 


IV 


The  N.Z.  Journal  op  Sciej^de  .  and  Technology. 

‘  0  *  5* 

-I  * 


No.  4. — August. 

Page 

Maori  String-games  (Second  Series),  with.  Illustrations  by  J.  McDonald.  By  J.  C. 

Andersen  . .  . .  . .  . .  . .  . .  . .  . .  145 

Chemical  Technology  of  the  Frozen-meat  Industry  (Part  III).  By  A.  M.  Wright  155 
The  Use  of  Impoun ding-dams  for  Multiple  Functions.  By  A.  D.  Mead  . .  165 

Annual  Rainfall  Fluctuations.  By  L.  Birks  and  D.  C.  Bates  . .  . .  173 

Electric  Power  for  Milking-plants  :  Addendum.  By  L.  Birks  .  .  .  .  179 

Electric-power  Load-curves.  By  L.  Birks  . .  .  .  . .  .  .  . .  180 

Effects  of  the  Recent  Aurora  on  Telegraph-lines,  Telephone-lines,  and  Wireless 

Stations.  By  A.  Gibbs  . .  _  . .  . .  .  .  . .  . .  183 

Some  Tropical  Heat-insulators.  By  E.  Marsden  . .  .  .  . .  188 

Astronomical  Notes  . .  . .  . .  .  .  .  .  . .  . .  191 

Some  Results  from  the  Preliminary  Discussion  of  the  Annual  Variation  of 

Horizontal  Magnetic  Force  at  Christchurch.  By  H.  F.  Skey  . .  . .  195 

The  Recent  Magnetic  Storm,  14th  to  17th  May,  1921.  By  H.  F.  Skey  . .  197 

The  Magnetic  Storm  of  May  13-14,  1921  ;  Observations  at  the  Samoa  Observatory. 

By  G.  Angenheister  and  C.  J.  Westland  . .  . .  . .  . .  201 

Natural-history  Notes  . .  . .  . .  . .  . .  . .  . .  203 

University  and  Scientific  News  . .  . .  . .  . .  . .  . .  205 

Correspondence  . .  . .  . .  . .  . .  . .  . .  . .  207 


No.  5. — November. 

A  Study  of  Pacific  Earthquakes.  By  G.  Angenheister  . .  . .  . .  209 

Maori  String-games  (Second  Series),  with  Illustrations  by  J.  McDonald — continued. 

By  J.  C.  Andersen  . .  . .  . .  . .  . .  . .  . .  232 

On  the  Variations  in  Size  of  a  Comet’s  Head.  By  A.  C.  Gifford  . .  . .  248 

The  Status  of  Areal  Geological  Mapping  in  New  Zealand.  By  P.  G.  Morgan  . .  254 

A  New  Tortricid  Moth.  By  M.  N.  Watt  . .  . .  . .  . .  . .  257 

Notes  on  the  Port  Waikato  Mesozoic  Flora.  By  J.  A.  Bartrum  . .  . .  258 

Voltage-drop  in  Alternating-current  Overhead  Distribution  Circuits.  By  I.  R. 

Robinson  . .  . .  .  .  . .  . .  . .  . .  . .  259 

Natural-bistory  Notes  . .  . .  . .  . .  . .  . .  . .  263 

University  and  Scientific  News  . .  . .  . .  . .  . .  . .  266 

Reviews  and  Abstracts  . .  . .  . .  . .  . .  . .  . .  267 

No.  6. — January,  1922. 


Some  Changes  in  the  Fauna  and  Flora  of  Otago  in  the  last  Sixty  Years.  By 
A.  Bathgate 

Little  Barrier  Island  Bird-sanctuary.  By  W.  R.  B.  Oliver 

The  Future  Development  of  the  Locomotive  in  New  Zealand.  By  S.  H.  Jenldnson 

The  Operiki  Pa,  Koriniti,  Whanganui  River.  By  E.  Best 

Ti  Rakau,  an  Old  Maori  Pastime.  By  E.  Best 

Divinatory  Rites  of  the  Maori.  By  E.  Best 

International  Geological  Congress 

Australasian  Association  for  the  Advancement  of  Science  Congress 

On  the  Geological  Survey  of  the  Whangarei  and  Bay  of  Islands  Subdivision. 
By  H.  T.  Ferrar 

Natural-history  Notes 
Reviews  and  Abstracts 
Index  to  Volume  IV 


273 

284 

291 

303 

306 

307 
310 

310 

311 

318 

319 
321 


r,." ,  . 

Registered  at  G.P.O.,  Wellington,  as  a  Magazine. 


Edited  by 

Dr.  J.  ALLAN  THOMSON; 

Assisted  by 

Dr.  C.  A.  COTTON,  Mr.  S.  H.  JEN  KIN  SON,  and  Professor  E.  MARSDEN, 

.Wellington, 


Professor  A.  P.  W.  THOMAS,  Auckland, 

Professors  C.  CHILTON  and  R.  J.  SCOTT,  Christchurch, 

and 

Professor  W.  B.  BENHAM,  Dunedin. 


Issued  under  the  authority  of  the  Hon.  W\  DOWNIE  STEWART, 
Minister  of  Internal  Affairs.  * 


e , 

IwKmmw? 

VOL.  IV  -No.  I. 


March,  1921. 


WELLINGTON,  N.Z. 

By  Authority:  Marcus  F.  Marks,  Government  Printer. 

1921. 


ANNUAL  SUBSCRIPTION,  6s.  SINGLE  COPY,  Is.  6d. 

CONTENTS  ON  PAGE  4  OP  COVER. 


SCIENTIFIC  PUBLICATIONS. 


■The 


following  Scientific  Works,  published  undei  the  authority  of 
the  New  Zealand  Government,  are  now  on  sale  at  the  Stationery 
Department,  Wellington,  and  will  be  transmitted  at  the  published 
price  to  any  address  in  the  Dominion.  /  ;  c 


BIOLOGICAL  EXERCISES.  (I  and  2  out  of  print.)  3.  The  Anatomy  of  the  Common 
Mussels.  4.  The  Skeleton  of  the  New  Zealand  Crayfishes,  ffc.  each: 

DICTIONARY  OF  THE  MAORI  LANGUAGE.  By  Herfe%.c4Yiliiams,  M.A.  Cloth 
boards,  20s.  •  .  ■  .  .?•* 

ECONOMIC  MINERALS  IN  NEW  ZEALAND,  and  other  Papers.  '  By  Frank  Reed. 
M.Inst.M.E.  6d. 

GEOGRAPHICAL  REPORT  ON  THE  FRANZ  JOSEF  GLACIER.  By  J.  M.  Bell.  Is. 

GEOLOGICAL  BULLETIN  No.  I  :  The  Geology  of  the  Hokitika  Sheet,  North  Westland 
Quadrangle.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  2  :  The  Geology  of  the  Area  covered  by  the  Alexandra 
Sheet,  Central  Otago  Division.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  3  :  The  Geology  of  the  Parapara  Subdivision,  Karamea,' 
Nelson.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  4  :  The  Geology  of  the  Coromandel  Subdivision,  Auck¬ 
land.  By  Colin  Fraser,  assisted  by  J.  H.  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  5  :  The  Geology  of  the  Cromwell  Subdivision,  Western 
Otago.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  6  :  The  Geology  of  the  Mikonui  Subdivision,  North  West- 
land.  By  P.  G.  Morgan.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  8  :  The  Geology  of  the  Whangaroa  Subdivision, 
Hokianga  Division.  By  J.  M.  Bell  and  E.  de  C.  Clarke.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  9  :  The  Geology  of  the  Whatatutu  Subdivision,  Rau-  L 
kumara  Division,  Poverty  Bay.  By  James  Henry  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  10  :  The  Geology  of  the  Thames  Subdivision,  Hauraki, 
Auckland.  By  Colin  Fraser.  2s.  6d. 


Auckland.  By  Colin  Fraser.  2s.  6d 

GEOLOGICAL  BULLETIN  No.  11  :  The  Geology  of  the  Mount  Radiant  Subdivision, 
Westport  Division.  By  Ernest  John  Herbert  Webb.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  12  :  The  Geology  of  the  Dun  Mountain  Subdivision, 
/  Motupiko  Division,  Nelson.  By  J.  M:  Bell,  E.  de  C.  Clarke,  and  P.  Marshall. 
2s.  6d. 


GEOLOGICAL  BULLETIN  No.  13  :  The  Geology  of  the  Greymoiith  Subdivision,  North 
Westland  Division,  Westland.  By  P.  G.  Morgan.  2s.  6d.  > 


GEOLOGICAL  BULLETIN  No.  14:  The  Geology  of  the  New  Plymouth  Subdivision, 
Taranaki  Division.  By  E.  de  C.  Clarke.  2s.  6d. 


GEOLOGICAL  BULLETIN  No.  15  :  The  Geology  of  the  Waihi-Tairua  Subdivision, 
Hauraki  Division.  By  J.  M.  Bell  and  C.  Fraser.  2s.  6d. 


GEOLOGICAL  BULLETIN  No.  16:  The  Geology  of  the  Aroha  Subdivision,  Haiiraki. 
By  J.  Henderson,  assisted  by  j.  A.  Bartrum.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  17:  The  Geology  and  Mineral  Resources  of  the 
Bulier-Mokihinui  Subdivision,  Westport  Division.  By  P.  G.  Morgan  and  J.  A. 
Bartrum.  5s.  * 


GEOLOGICAL  BULLETIN  No,  18  :  The  Geology  and  Mineral  Resources  of  the  Reefton 
Subdivision,  Westport  and  North  Westland.  By  J.  Henderson.  5s.  * 


GEOLOGICAL  BULLETIN  No.  19 :  The  Geology  of  the  Tuapeka  District,  Central 
Otago  Division.  By  P.  Marshall.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  20:  The  Geology  of  the  Oamaru  District,  North 


Otago  (Eastern  Otago  Division).,^  By  James  Park.  2s.  6d. 


GEOLOGICAL  BULLETIN  No.  21  :  The  Geology  of  the  Gisborne  and  Whatatutu  Sub= 
divisions,  Raukumara  Division.  By  J.  Henderson  and  M.  Ongley.  5s. 

GEOLOGICAL  BULLETIN  No.  22:  The  Limestone  and  Phosphate  Resources  of  New 
Zealand  (considered  Principally  in  Relation  to  Agriculture).  Part  I  Limestone. 

By  P.  G.  Morgan  and  others.  ( Out  cf  print.) 

GEOLOGICAL  SURVEY  OF  NEW  ZEALAND.  Reports  for  1881,  1882,  1887-88. 
1888  89,  and  1892-93.  Royal  8vo.  2s.  6d.  each.  Later  reports  are  contained  in 
Mining  Reports  each  year.  *'  1  j 

GEOLOGY  OF  'NEW  ZEALAND.  By  P.  Marshall,  D.Sc.,  &c.  Demy  8vo.  Cloth  ^ 
boards,  4s. 

GOLD  DEPOSITS  OF  NEW  ZEALAND.  By  A.  McKay,  F.G.S.  6d. 


THE  pW  ZEALAND 


AL  OF  SCIENCE 

AND 

HNOLOGY. 


Vol.  IV.  Wellington,  March,  1921. 


No.  1. 


MANGAHAO  HYDRO-ELECTRIC  SCHEME. 

The  Structure  of  Mangahao  No.  i  Gorge,  and  its  Bearing 
on  the  Construction  of  the  Proposed  Dam. 

fit 

By  G.  Leslie  Adkin. 

Those  who  have  made  themselves  conversant  with  the  details  of  the 
Mangahao  hydro-electric  scheme,  and  who  are  familiar  with  the  topo¬ 
graphy  of  the  area  in  which  the  proposed  works  are  to  be  situated,  will  be 
aware  that  the  Mangahao  Biver  furnishes  the  principal  supply  for  the  high- 
level  reservoirs,  and  also  that  the  construction  of  an  effective  dam  across 
that  river  is  one  of  the  principal  features  of  the  scheme.  The  delivery  of 
the  available  “  head  ”  of  water  to  the  power-house,  which  is  to  be  located 
near  the  inner  margin  of  the  Horowdienua  lowland,  involves  the  construc¬ 
tion  of  two  reservoirs  and  a  surge-chamber — all  of  high  and  practically 
similar  elevation — and  the  piercing  of  two  lengthy  tunnels  ;  but  the  whole 
scheme  hinges  on  the  resistance  of  the  dam  to  be  located  at  the  spot  known 
as  No.  1  Gorge  to  the  sudden  and  powerful  floodings  of  the  Mangahao 
River. 

The  Mangahao  is  one  of  the  larger  tributaries  of  the  Manawatu  River. 
It  rises  in  the  principal  hydrographic  centre  of  the  Tararua  Range,  and 
pursues  a  north-easterly  course  for  a  distance  of  about  forty  miles  before 
]oining  its  trunk  river  at  the  upper  end  of  the  Manawatu  Gorge.  The  upper, 
intermontane  course  of  the  Mangahao  occupies  a  valley  which  is  for  the 
most  part  longitudinal,  but  in  part  transverse,  to  the  longitudinal  ridges 
of  the  Tararua  Range.  Erratic  courses  of  this  character  are  common  to, 
and  are  the  most  striking  feature  of,  all  the  Tararua  river- valleys  :  the 
transverse  reaches  are  invariably  narrow,  rock-bound  gorges,  while  the 
longitudinal  stretches  are  in  a  more  advanced  stage  of  development,  and  are 
for  this  reason  more  widely  opened,  having  flat  shingly  bottoms.  Short 
lengths  of  rock-bound  gorge  may  be  found  here  and  there  in  the  longitudinal 
parts  of  these  river-valleys,  their  origin  in  such  circumstances  being  due  to  a 
comparatively  recent  lateral  shift  of  the  river-course  at  the  places  where 
they  occur.  Mangahao  No.  1  Gorge  belongs  to  this  class. 

At  No.  1  Gorge  the  Mangahao  Rivej?  flows  through  a  steep-sided,  rock- 
bound  trench  some  8  chains  in  length,  15  yards  to  20  yards  in  width,  and 
about  50  ft.  in  depth.  The  formation  is  strong  greywacke  intersected  by 
wide-spaced  joints,  and  as  a  dam-site  the  spot  is  at  first  sight  ideal.  On 
its  eastern  side  the  gorge  is  surmounted  by  a  fragment  of  high-level  terrace 
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the  top  of  which  is  60-80  ft.  above  the  normal  level  of  the  river  in  the  gorge, 
and  as  the  crest  of  the  proposed  dam  is  to  go  still  higher  its  eastern  wing 
will  extend  across  the  top  of  the  terrace  to  the  steep  valley-side.  The  high- 
level  terrace  presents  a  face  of  solid  rock  to  the  gorge,  but  notwithstanding 
this  fact  the  terrace  is  a  built  feature,  and  marks  the  site  at  this  point  of 
the  ancient  valley  of  the  Mangahao — an  old  gorge  which  was  subsequently 
filled  up  with  shingle,  boulders,  and  other  river-borne  detritus  (fig.  2). 

This  unexpected  structure  of  the  Mangahao  Valiev  at  No.  1  Gorge  was 
determined  by  the  writer  during  a  visit  to  the  spot  on  the  11th  January, 
1920,  when  the  accompanying  sections  (figs.  3,  a ,  b,  c,  d )  were  worked  out. 
At  that  time  the  dense  virgin  bush,  which  came  down  to  the  margin  of  the 
narrow  river-bed  and  overhung  the  rocky  gorge,  was  untouched  by  the 
bushmams  axe,  so  that  the  extent  of  the  high-level  terrace  could  be  only 


Fig.  1. — The  Mangahao  No.  I  Gorge,  with  bush  cleared  and  other  preliminary  works 
preparatory  to  the  construction  of  the  dam  in  progress.  View  looking  down¬ 
stream.  High-level  terrace  on  right. 

inferred.  On  the  evidence,  however,  of  an  exposure  of  high-level  shingle 
and  boulders  on  the  right  bank  of  the  Mangahao  immediately  above  No.  1 
Gorge,  and  a  knowledge  of  certain  valley-structures  in  other  Tararua  river- 
valleys,  where  considerable  recent  changes  in  the  river-courses  have  taken 
place,  revealing  detritus-filled  ancient  valleys,  it  seemed  certain  that  a 
similar  change  had  taken  place  at  the  present  Mangahao  No.  1  Gorge,  and 
that  it  diverged  from  and  converged  with  the  ancient  valley  of  the  river 
at  its  upper  and  lower  ends  respectively. 

The  validity  of  the  above  conclusions  as  to  the  structure  of  the 
Mangahao  Valiev  at  No  1  Gorge  was  substantiated  on  a  subsequent  visit 
to  the  locality  on  the  12th  December,  1920.  The  clearing  of  the  bush 
preparatory  to  the  construction  of  the  dam  had  revealed  the  extent  of  the 
high-level  terrace,  and  a  series  of  test  shafts  along  the  line  of  the  proposed 
dam  its  composition  of  detritus,  not  solid  rock.  One  of  the  test  pits, 
located  on  the  terrace-top  near  the  middle  of  the  ancient  valley,  had  been 
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sunk,  up  to  the  above  date,  to  a  depth  of  52  ft.  through  shingle  and 
boulders  with  no  appearance  of  an  approach  to  rock  bottom. 

It  may  be  of  interest  to  give  a  resume  of  the  physiographic  events 
responsible  for  the  occurrence  of  such  valley  forms  and  structure  as  are  to 
be  found  at  Mangahao  No.  1  Gorge  (fig.  1)  and  at  numerous  other  places 
in  the  Tararua  river-valley.  The  primary  valley  of  the  Mangahao,  in 
common  with  the  other  principal  river-valleys  of  the  Tararua  Range, 
dates  from  the  breaking-up  of  the  pre-Miocene  peneplain*  by  the 
block  -  faulting  and,  in  the  Tararua  area,  the  accompanying  complex 
warping  of  the  Kaikoura  deformation,  and  from  the  resultant  inaugu¬ 
ration  of  the  river-svstems  of  the  penultimate  and  present  erosion  cycles. 
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Fig.  2. — Section  of  Mangahao  Valley  at  No.  1  Gorge,  showing  relationship  of  the  present 
channel  to  the  primary  valley  of  the  Mangahao  River.  F.L.  =  Flood-level 
of  8th  December,  1920,  18^  ft.  above  normal. 


Fig.  3. — The  evolution  of  No.  1  Gorge,  Mangahao  Valley,  a.  The  Mangahao  Valley 
in  the  late  Tertiary  period.  b.  The  valley  partly  filled  with  a  deposit  of 
shingle,  &c.,  in  the  early  Pleistocene,  c.  The  valley-plain  widened  by  lateral 
corrasion  in  the  early  Pleistocene  at  a  later  stage.  d.  By  rejuvenation  in 
more  recent  times,  the  river  cut  its  present  channel  into  the  rock  floor 
instead  of  into  the  valley-fill  of  the  primary  valley. 


*  J.  M.  Bell,  1910,  Trans.  N.Z.  Inst,  vol.  42,  p.  538;  and  J.  Hendeeson,  1911, 
Trans.  N.Z.  Inst.,  vol.  43,  pp.  312-13 
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The  primary  valley  of  the  Mangahao  was  acutely  Y-shaped  in  its  trans¬ 
verse  portions,  while  its  longitudinal  portions,  though  also  V-shaped, 
were  more  widely  opened.  In  the  earlier  stages  of  the  epeirogenic  uplift 
of  the  country  in  the  early  Pleistocene  the  Mangahao  Valley  was  pro¬ 
bably  still  further  deepened  (fig.  2,  a),  but  later,  during  the  climax  of 
elevation,  in  the  period  generally  termed  the  Glacier  Period — a  period  in 
which  the  North  Island  is  now  known  to  have  participated* — extensive 
alluviationf  of  the  Tararua  river- valleys  took  place  (fig.  2,  b).  A  super¬ 
abundance  of  coarse  debris  derived  from  the  very  extensive  areas  lying 
between  the  timber-line  and  the  mountain-summits  during  the  Glacier 
Period  was  delivered  to  the  main  valleys  by  their  headwaters  and  laterals, 
filling  them  to  a  considerable  depth.  The  alluviation  ceased  when  an 
adjustment  of  load  to  volume  and  gradient  had  been  effected.  Then 
lateral  corrasion  became  predominant,  and  parts  of  the  valley-slopes  were 
shorn  away,  especially  where  a  shoulder  of  the  valley-side  projected  into 
the  convex  side  of  a  bend  in  the  valley.  This  process  produced  rock 
floorst  of  equal  grade  and  elevation  to  the  surface  of  the  valley-fill  of  the 
primary  valley  (fig.  2,  c).  In  the  final  rejuvenation  of,  and  downcutting 
by,  the  larger  rivers — e.g.,  the  Mangahao — the  present  trench,  at  such 
spots  as  No.  1  Gorge,  was  cut  in  the  rock  floor  formed  by  the  lateral  corrasion 
instead  of  into  the  detritus  of  the  partially-filled  primay  valley  (fig.  2,  d). 
Above  No.  1  Gorge  the  ancient  and  modern  channels  of  the  Mangahao 
coincide  ;  at  the  upper  and  lower  ends  of  the  gorge  they  diverge  and  con¬ 
verge  respectively  ;  at  the  gorge  itself  they  are  separated  by  a  narrow  wall 
of  rock,  and  the  line  of  the  ancient  channel  is  marked  by  the  high-level 
terrace. 

The  interesting  but- — from  an  engineering  point  of  view — unfortunate 
physiographic  structure  of  Mangahao  No.  1  Gorge  will  entail  the  expendi¬ 
ture  of  much  additional  labour  and  capital  in  connection  with  the  con¬ 
struction  of  the  dam.  In  view  of  the  enormous  pressure  of  the  impounded 
waters  and  of  the  periodic  devastating  floods,  a  solid-rock  bottom  for  the 
foundations  of  the  dam  will  probably  be  deemed  a  necessity.  If  the  high- 
level  terrace  had  been  cut  in  solid  rock,  instead  of  being  merely  faced  with 
that  material,  the  foundations  of  the  eastern  wing  of  the  dam  could  have 
rested  on  its  upper  surface.  The  presence  of  the  old  filled  channel  will 
necessitate,  if  a  solid-rock  foundation  is  considered  indispensable,  the  exca¬ 
vation  of  a  trench  across  the  high-level  terrace — a  trench  some  3  chains  or 
4  chains  in  length,  about  25  ft.  in  width,  and  of  perhaps  100  ft.  in  depth  ; 
and  when  this  has  been  done  the  trench  wall  require  to  be  filled  with  concrete 
before  the  eastern  wing  of  the  dam  appears  above  the  present  ground- 
surface.  The  high-level  terrace  stands  at  a  height  of  60-80  ft.  above  the 
present  river-level,  and,  as  the  ancient  channel  was  probably  excavated 
to  a  rather  greater  depth  than  the  present  one,  the  estimate  of  the  depth 
of  rock-bottom  in  the  middle  of  the  ancient  channel  at  100  ft.  below  the 
terrace-top  is  probably  not  excessive. 

Although  the  structure  of  the  Mangahao  Valley  at  No.  1  Gorge  is  less 
favourable  for  the  construction  of  the  future  dam  than  was  perhaps  at 
first  anticipated,  the  impossibility  of  avoiding  the  old  detritus-filled  valley 
should  be  borne  in  mind,  and  thus  it  is  doubtful  if  a  better  spot  than  No.  1 
Gorge  could  have  been  found  for  the  damming  of  the  Mangahao  River  in 
connection  with  the  proposed  hydro-electric  scheme. 


*  G.  L.  Adkix,  1912,  The  Discovery  and  Extent  of  Former  Glaciation  in  the 
Tararua  Range,  Tracis.  N.Z.  Inst.,  vol.  44,  pp.  308-16. 

f  See  also  A  max,  1920,  Trans.  N.Z.  Inst.,  vol.  52,  p.  188. 

t  See  also  Adktn,  1911,  Trans.  N.Z.  Inst.,  vol.  43,  p.  516,  and  plate  xix, 
section  C-D  ;  and  1919,  Trans.  N.Z.  Inst.,  vol.  51,  pp.  112-13. 
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NOTE  ON  A  PECULIAR  DAGGER-LIKE  WEAPON 
USED  BY  THE  MAORI  IN  FORMER  TIMES. 

By  Elsdon  Best,  Dominion  Museum. 

During  a  recent  visit  to  the  Waikato  district  a  valued  native  correspondent, 
Karaka  Tarawhiti,  of  Huntly,  presented  the  writer  with  a  model  or  replica 
of  a  curious  form  of  short  stabbing- weapon  used  by  the  tribes  of  that 
district  in  former  times.  It  is  a  short  wooden  dagger 
made  of  hardwood,  with  a  sharply  pointed  blade,  and  the 
small  hand-grip  so  frequently  noted  in  native  weapons. 

Its  total  length  is  but  8  in.,  of  which  4J  in.  form  the 
blade,  above  which  is  a  grooved  boss  that  would  tend 
to  prevent  the  hand  of  the  wielder  slipping  when  de¬ 
livering  a  blow.  The  hand-grip  is  grooved  in  a  similar 
manner,  thus  giving  a  firmer  grasp,  and  an  additional 
shock-absorber  would  be  the  curved  thumb  over  the 
butt  end,  as  a  bowie-knife  is  gripped.  The  wood  is 
apparently  maire. 

These  weapons  are  termed  tete  by  Waikato  natives, 
but  seem  to  have  been  known  as  oka  farther  north. 

Angas  mentions  them  in  his  work  on  New  Zealand,  as 
also  does  Polack.  The  Bay  of  Islands  natives  have 
preserved  a  story  of  a  warrior  of  former  generations 
who  was  famed  for  the  number  of  persons  he  had  slain 
with  an  oka.  It  does  not,  however,  seem  to  have  been 
a  weapon  commonly  used  or  carried  in  any  district,  and 
the  writer  has  not  heard  of  its  use  south  of  Taupo.  In 
some  districts  the  name  tete  is  applied  to  a  form  of  spear 
— perhaps  only  to  such  as  have  a  detachable  point. 

On  page  251  of  volume  13  of  the  J ournal  of  the  Poly¬ 
nesian  Society  is  an  account,  written  by  Colonel  Gudgeon, 
of  an  old-time  chief  named  Nga  Toko  warn,  who  carried 
a  bone  dagger.  When  captured  by  enemies,  in  a  last 
desperate  struggle,  he  drew  the  dagger  from  his  girdle 
and  slew  Te  Putu,  chief  of  his  captors.  At  once  he 
smeared  the  blood  of  the  stricken  man  over  his  own  head 
and  body,  thus  saving  them  from  the  degradation  of 
the  oven.  Tarawhiti  tells  me  that,  as  Nga  Tokowaru 
dealt  the  stroke  with  his  tete ,  he  cried  out,  “  Tena  te  huka  A  tete,  or  wooden 
a  Nga  Tokowaru!  Tena  e  rangona !  Tena  e  rangona!  ”  dagger,  Waikato 

(Behold  the  last  man  slain  by  Nga  Tokowaru  !  It  will  district, 

be  heard  of  down  the  changing  years.)  And  it  assuredly  Odalf  natural  size.) 
has  been. 

The  wooden  dagger  was  fashioned  by  Hone  Pera  Tiawhere,  who  is 
acquainted  with  the  various  implements  used  by  his  people  in  pre- 
European  days. 
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ASTRONOMICAL  NOTES. 

The  Initial  Radiation  from  a  Nova. 

By  A.  C.  Gifford. 

The  third  body  resulting  from  a  collision  between  two  stars  is  initially 
at  a  temperature  of  several  million  degrees  centigrade.  It  is  important  to 
inquire  into  the  character  of  the  radiation  emitted  by  such  a  body  during 
its  first  few  hours,  as  this  stage  in  the  life-history  of  a  nova  has  not  yet 
been  observed. 

Let  us  assume  that  the  accepted  laws  of  radiation  still  hold  at  the 
exceedingly  high  temperatures  involved,  and  see  what  conclusions  follow. 

1.  First,  the  wave-length  of  the  rays  which  carry  the  maximum  energy 
will  be  extremely  short — that  is,  the  bulk  of  the  radiation  will  be  far  up  in 
the  ultra-violet,  and  therefore  quite  invisible.  According  to  Wien’s  displace¬ 
ment  law, 

0Xm  =  a  constant, 

where  0  is  the  absolute  temperature  and  Am  the  length  of  the  waves  carrying 
the  maximum  energy.  If  the  wave-length  is  measured  in  centimetres  the 
constant  is  approximately  *29  ;  if  measured  in  angstroms  it  is  29,000,000. 
This  leads  to  the  following  wave-lengths  for  the  rays  of  maximum  energy 
for  different  temperatures  : — 


Red  just  visible  . . 

773° 

absolute 

37,516  A. 

Dull  red 

973° 

99 

29,804  A. 

Orange 

1,373° 

9  9 

21,041  A. 

White 

1,573° 

99 

18,436  A. 

Dazzling  white  . . 

1,773° 

9  9 

16,356  ,A. 

The  Sun 

6,000° 

9  9 

4,833  A. 

10,000° 

9  9 

2,900  A. 

100,000° 

9  9 

290  A. 

1,000,000° 

9  9 

29  A. 

6,000,000° 

9  9 

5  A. 

10,000,000° 

9  9 

3  A. 

30,000,000° 

99 

1  A. 

These  results  are  plotted  in  fig.  1.  The  wave-lengths  of  visible  light  range 
from  about  4,000  angstroms  in  the  violet  to  beyond  7,000  angstroms  in  the 
red. 

The  table  and  diagram  show  that,  even  when  a  body  is  heated  to  so  high 
a  temperature  that  its  light  appears  dazzlingly  white,  the  waves  carrying 
the  maximum  energy  are  far  down  in  the  infra-red. 

In  sunlight  alone  of  all  ordinary  light  sources  due  to  heat  the  maximum 
is  within  the  visible  spectrum. 

For  all  temperatures  higher  than  7,500°  the  maximum  is  in  the  ultra¬ 
violet. 

The  shortest  ordinary  waves  studied  photographically  have  a  wave¬ 
length  of  about  1,000  angstroms. 

If  the  maximum  energy  were  emitted  at  this  wave-length  the  tempera¬ 
ture  of  the  body  would  be  about  29,000°  C. 
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The  energy  radiated  from  a  nova  during  the  first  exceedingly  brief  stage, 
before  it  has  had  time  to  expand  appreciably  or  to  become  surrounded  by 
an  extensive  atmosphere,  is  carried  chiefly  by  waves  only  a  few  angstroms 
in  length — that  is,  practically  the  same  as  X  rays. 

At  6,000,000°  the  waves  carrying  maximum  energy  have  a  length  of 
under  5  angstroms,  or  about  of  that  of  the  shortest  known  waves  in  the 
ultra-violet.  X  rays  have  wave-lengths  of  from  to  10  angstroms. 

It  is  possible,  though  very  unlikely,  that  an  observing-station  at  a  very 
high  altitude  might  detect  the  outburst  of  a  nova  by  electrical  means  before 
its  visible  light  became  noticeable. 


2.  Next,  according  to  Stefan’s  law,  the  total  energy  of  all  wave-lengths 
radiated  into  space  is  given  by  the  formula 

E  H  k0\ 


where  k  =  5-3  X  10-5  in  ergs  per  square  centimetre  per  second. 

At  a  temperature  of  6,000°  absolute  E  —  6-869  X  1010  ergs  per  square 
centimetre  per  second  =  1,645  calories  per  square  centimetre  per  second. 

According  to  Abbot,  the  solar  constant  (that  is,  the  energy  received  per 
square  centimetre  per  minute  at  the  distance  of  the  Earth)  is  1‘95.  This 
implies  that  about  89,700  calories  are  radiated  from  each  square  centimetre 
of  the  Sun’s  surface  per  minute,  or  1,495  per  second.  This  corresponds, 
according  to  Stefan’s  law,  to  an  effective  temperature  of  5,806°  absolute 
for  the  Sun’s  surface. 

Assuming  that  the  Sun  gives  out  1,500  calories  per  square  centimetre 
per  second  from  its  surface,  the  average  amount  of  energy  which  each  gramme 
of  its  mass  parts  with  per  second  is 


1500  X  6-0987  x  10!2 


—  4-6443  X  10~8  calories. 


1*96975  X  lO"8 
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At  this  rate  each  gramme  would  lose  a  calorie  in  2T53  X  107  second — 
that  is,  in  249  days.  This  loss  amounts  to  1-46  calories  per  year. 

If  the  third  body  at  the  stage  when  its  volume  is  equal  to  that  of  the  Sun 
has  a  temperature  of  6,000,000°  absolute,  its  total  radiation  should  be  a 
billion  (1012)  times  as  great  as  the  solar.  At  this  rate,  supposing  its  mass 
equal  to  that  of  the  Sun,  an  average  of  some  46,000  calories  would  be  radiated 
from  each  gramme  per  second.  It  is  clear  that  even  the  vast  store  of  energy 
a  nova  possesses  could  not  stand  such  prodigal  expenditure  for  more  than 
a  very  brief  time.  In  fact,  if  this  output  could  continue  the  energy  would 
be  dissipated  in  less  than  half  an  hour.  The  mass  being  probably  less  than 
that  of  the  Sun  accentuates  the  case.  For  instance,  if  its  mass  were  only 

9 

8 

7 

6 

S' 

4 

3 

Z 

/ 


o 

Fig.  2. 

one-tenth  of  that  of  the  Sun  the  radiation  per  gramme,  for  the  same  tempera¬ 
ture,  would  be  ten  times  as  great.  This  does  not  imply  that  radiation  of 
this  explosive  type  actually  persists  for  any  appreciable  time.  If  Stefan’s 
law  holds  at  such  extremely  high  temperatures,  it  appears  as  if  radiation 
must  prevent  the  maintenance,  and  possibly  even  the  establishment,  in  the 
outer  layers  of  a  nova,  of  temperature  of  many  millions  of  degrees,  such 
as  must  be  found  within  it.  Further,  it  is  only  during  the  first  brief  stage, 
before  atmospheric  envelopes  have  developed,  that  the  nova  approximates 
to  a  full  radiator. 

3.  We  have  seen  that  the  radiation  emitted  by  a  nova  during  the  first 
stage  is  mostly  invisible  ;  we  must  now  consider  what  may  be  expected 
in  the  visible  part  of  the  spectrum  at  the  same  time.  To  do  so  we  must 
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use  Planck’s  formula  for  the  energy  from  unit  area  radiated  by  a  particular 
wave-length,  A  : — 


(7/V-j 

where  C  =  *353  in  ergs  per  square  centimetre  per  second, 
a  =  1-445  centimetre  degrees,  and 
0  is  the  absolute  temperature, 

Plotting  the  values  for  E\  with  respect  to  A  for  the  three  temperatures 
1,500°,  6,000°,  and  6,000,000°  absolute,  we  get  the  curves  shown  in  fig.  2. 
The  curves  are  necessarily  drawn  to  different  scales.  The  values  of  the 
ordinates  read  from  the  diagram  must  be  multiplied  by  1014,  1018,  and 
1023  respectively. 

By  counting  the  squares  it  appears  that  between  A  4,000  and  A  7,000 
angstroms  the  area  below  the  6,000,000°  curve  is  one-quarter  of  that 
below  the  6,000°  one.  This  implies  that  the  actual  energy  in  the  visible 
part  of  the  spectrum  at  6,000,000°  is  25,000  times  that  at  6,000°.  If 
40  per  cent,  of  the  radiation  from  the  Sun  falls  within  the  visible  spectrum, 
the  visible  radiation  from  the  nova  is  about  10,000  times  the  total  radiation 
from  the  Sun.  The  total  radiation  from  the  nova  being  a  billion  (1012) 
times  the  solar,  it  follows  that  only  of  the  latter  radiation  is  visible. 
It  appears  also  that  at  this  stage  the  visible  light  from  the  nova  must 
be  very  blue,  as  the  blue  and  violet  end  of  the  spectrum  is  very  much 
stronger  than  the  red  end.  If,  therefore,  during  observation  at  any  time 
an  unfamiliar  star  should  attract  attention  by  the  exceptionally  blue  colour 
of  its  light,  it  would  be  well  to  examine  it  carefully  in  case  it  should  be  a 
nova  at  an  earlier  stage  than  has  yet  been  observed.  During  this  stage 
also  the  photographic  magnitude  of  the  nova  must  be  much  greater  than 
the  visual,  and  this  fact  may  play  some  part  in  enabling  so  many  small 
novae  to  be  detected  by  photography. 


The  Great  Velocities  of  the  Planetary  Nebulae. 

By  A.  C.  Gtfford. 


In  Publications  of  the  Lick  Observatory ,  vol.  13,  1918,  the  following  table 
is  given  showing  the  velocities  in  space  of  stars  and  nebulae  : — 


Diffuse  nebulosities 


Class  B  stars 
5?  A  ,, 

F 

5  9  9  9 

n 


99 

99 


K 

M 


99 

99 


Planetary  nebulae 
Spiral  nebulae 


Velocities  low — almost  at  rest  relativelv  to  the 

*/ 

galaxy. 

Average  velocities  12  km.  (8  miles)  per  second. 
,,  21  km.  (13  miles)  ., 

,,  29  km.  (18  miles)  ,, 

,,  32  km.  (20  miles)  ,, 

,,  34  km.  (21  miles)  ,, 

,,  34  km.  (21  miles)  ,, 

,,  77  km.  (45  miles)  ,, 

,,  770  km.  (480  miles)  ,, 


The  high  average  velocity  of  planetary  nebulae  makes  it  difficult,  as 
Curtis  points  out,  to  adjust  them  to  a  position  in  the  gamut  of  stellar 
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progression.  If,  however,  the  planetary  nebulae  are  third  bodies  produced 
by  stellar  grazes  these  velocities  are  easily  explained. 

In  the  case  of  the  partial  collision  of  two  stars  of  equal  mass  and 
volume  the  third  body  is,  of  course,  left  without  any  motion  of  translation 
except  that  due  to  original  proper  motion  of  one  or  both  of  the  stars. 
There  is,  however,  rapid  rotation  even  in  this  case.  If  the  bodies  are  of  equal 
volume  but  different  densities  there  is  still  no  resultant  velocity  of  trans¬ 
lation. 

For  example,  if  one  of  the  colliding  suns,  which  we  may  call  A,  is  nine 
times  as  dense  as  the  other,  B,  then  B  has  T%  and  A  has  ^  of  the  relative 
velocity,  which  we  shall  suppose  is  400  miles  per  second.  Thus  B  is 
moving  360  miles  per  second  and  A  40  miles  per  second. 

But,  the  diameters  being  equal,  the  volume  struck  from  A  is  equal  to 
that  struck  from  B.  The  mass  from  A  is  therefore  nine  times  that  struck 
from  B.  The  momenta  of  the  two  portions  are  equal,  and  the  third  body 
is  left  spinning  in  space  without  appreciable  velocity  of  translation,  whilst 
A  leaves  it  with  an  initial  velocity  of  almost  40  miles  per  second,  and  B 
starts  away  with  a  velocity  of  about  360  miles  per  second. 


Fig.  1. 


If,  however,  the  diameters  of  the  stars  differ  appreciably,  the  trans¬ 
lational  motion  will  be  considerable.  It  is  indeed  surprising  what  a  large 
velocity  results  from  an  exceedingly  small  irregularity  in  size. 

As  soon  as  there  is  any  inequality  in  the  diameters  of  the  bodies  their 
density  also  becomes  of  great  importance  in  determining  the  final  velocity 
of  the  third  body.  With  stars  of  given  volume  the  relative  velocity  of 
impact  is  directly  proportional  to  their  density,  and  the  initial  velocity 
of  the  third  body  varies  in  the  same  ratio. 

If  we  make  a  numerical  estimate  of  the  velocities  to  be  expected  in  the 
case  of  encounters  of  stars  like  our  Sun  it  will  be  easy  to  allow  for  variations 
in  volume  and  density. 

When  unequal  stars  collide  the  limpet-like  portions  struck  from  the 
two  have  the  same  maximum  area  of  cross-section  APBQ  (fig.  1),  but 
their  lengths  are  different,  being  equal  respectively  to  2AK  and  2BL. 

Let  us  assume  as  a  rough  approximation,  which  is  quite  close  enough 
for  our  purpose,  that  the  respective  volumes  of  the  limpets  are  in  the  ratio 
of  these  lengths. 

Let  M1?  M2  be  the  masses  of  the  stars;  d1,  d2  their  diameters;  v±,  v2 
the  velocities  with  which  they  meet ;  m1,  m2  the  masses  of  the  portions 
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struck  of! ;  and  t  the  thickness  AB  of  the  maximum  section.  Also,  let  the 
relative  velocity 

vi  +  v2  =  v. 

Then,  dt3  1 

M2  d2  3 

—  =  AK  =  VAB]AC  =  =  V*E?  approximately. 

m2  BL  AB.BD  BD  d2-t 

Neglecting,  for  the  time,  the  effects  of  original  proper  motion  in  one  or 
both  of  the  stars,  we  have 

Mi  —  M2v2  ; 

Mj  _d / 

M2  d23  ’ 

Mo 

Vl""Mi  +  M~  * 


The  velocity  of  the  third  body  produced  by  the  impact  (if  we  neglect 
the  loss  of  energy  expended  in  shearing  the  stars,  which  is  an  infinitesimal 
part  of  that  available)  is  given  by  the  formula 


m2v2  —  m1v1 
m1  +  m2 


v2  ~ 


m. 

m. 


V  ; 


—  +  l 
m0 


Numerical  Illustration. — Let  us  take  the  diameter  of  the  smaller  star  as 
unity,  and  consider  the  resultant  velocity  of  the  third  body  when  different 
diameters  are  given  to  the  larger  star. 

Let  the  densities  of  the  stars  be  equal,  and  the  total  mass  such  that 
the  relative  velocity  at  the  moment  of  impact  is  400  miles  per  second,  and 
let  the  impact  penetrate  to  of  the  diameter  of  the  smaller.  Then  we- 
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have  the  following  results,  the  resultant  velocity  of  the  third  body  being 
V  miles  per  second  : — 


di 

do 

m2 

m1 

m2 

vi 

V‘2 

V. 

VO 

1-000 

1-000 

200 

200 

0 

1-1 

1-331 

1-054 

171-6 

228-4 

25 

1*2 

1-728 

1-106 

146-6 

253-4 

43 

1-3 

2-197 

1-155 

125-1 

274-8 

60 

1-4 

2-744 

1-202 

106-9 

293-1 

75 

1-5 

3-375 

1-247 

91-4 

308-6  . 

86 

1-6 

4-096 

1-291 

78-5 

321-5 

96 

1-7 

4-913 

1-333 

67-6 

332-4 

104 

1-8 

5-832 

1-374 

58-5 

341-5 

110 

1-9 

6-859 

1-414 

50-9 

349-1 

115 

2-0 

•8-000 

1-453 

44-4 

355-6 

119 

2-5 

15-625 

1-630 

24-1 

375-9 

128 

3-0 

27-000 

1-800 

14-3 

385-7 

129 

3-5 

42-875 

1-940 

9-1 

391-9 

127 

4-0 

64-000 

2-080 

6-2 

393-8 

124 

4-5 

91-125 

2-210 

4-3 

395-7 

121 

5-0 

125-000 

2-330 

3-2 

396-8 

117 

6-0 

216-000 

2-560 

1-8 

398-2 

111 

7-0 

343-000 

2-770 

1-2 

398-8 

105 

8-0 

512-000 

2-960 

0-8 

399-2 

100 

9-0 

729-000 

3-150 

0-6 

399-4 

96 

10-0 

1000-000 

3-320 

0-4 

399-6 

92 

Variation  in  the  depth  of  penetration  in  moderate  grazes  has  only  a 
slight  effect  on  the  velocity  of  the  third  body.  Thus  when 


the  velocity  has  the  following  values  : — 


Depth  of  Penetration. 

V. 

0-05 

23-4 

0-1 

23-1 

0-15 

22-8 

0-2 

22-5 

Thus  we  see  that  if  the  stars  are  about  the  size  of  our  Sun  and  have 
diameters  which  differ  only  in  the  ratio  of  IT  to  1  the  resultant  velocity 
of  the  third  body  is  over  23  miles  per  second,  and  that  by  increasing 
the  inequality  of  the  diameters  up  to  a  ratio  of  2  to  1  a  velocity  of  nearly 
120  miles  per  second  is  attained. 

It  is  highly  improbable  that  the  colliding  stars  should  have  exactly 
equal  diameters,  and  so  in  most  cases  the  third  body  will  have  considerable 
velocity  of  translation.  In  the  case  of  denser  bodies  the  velocities  will  be 
proportionally  higher. 

If,  then,  the  planetary  nebulae  are  third  bodies  produced  by  the  impact 
of  stars  of  very  great  mass  and  volume,  the  observed  velocities,  which 
average  about  48  miles  per  second,  are  easily  accounted  for. 
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DEPARTMENTAL  REPORTS. 

Mean  Hourly  Values  of  the  Magnetic  Declination  and  the 

Horizontal  Magnetic  Force. 


By  H.  F.  Skey,  B.Sc.,  Director  of  the  Magnetic  Observatory. 
(Communicated  by  the  Surveyor-General.) 


Christchurch  Observatory.  (Latitude,  43°  3T*8  S. ;  longitude,  172°  37'*2  E.) 

Magnetic  Declination ,  E.  16°  +  Tabular  Minutes  of  Arc. 

Year  1917. 


G.M.T. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Means. 

h. 

/ 

, 

P 

P 

/ 

P 

p 

/ 

f 

' 

P 

0 

52-8 

52*8 

51-5 

52*5 

53*1 

54*0 

53*8 

54*7 

53*4 

55*3 

56*2 

55*3 

53*8 

1 

54-3 

54-8 

54-3 

54*7 

54*9 

55*0 

55*0 

56*0 

55*5 

57*5 

53*6 

58*2 

55*7 

2 

55-0 

56-1 

56-3 

56*2 

56*3 

55*9 

56*2 

57*4 

57*8 

59*0 

60*2 

59*4 

57*1 

3 

55‘2 

56-2 

56-5 

56*8 

56*6 

56*2 

57*0 

57*9 

58*6 

59*2 

59*8 

59*8 

57*5 

4 

54-6 

55-3 

56-0 

56*0 

55*7 

55*9 

56*4 

57*5 

58*2 

58*4 

58*7 

58*8 

56*8 

5 

54-0 

54*1 

54-8 

55*0 

54*6 

54*7 

55*0 

56*0 

57*0 

57*2 

57*0 

57*4 

55*6 

6 

53-1 

52-7 

53-3 

53*9 

53*5 

54*2 

54*2 

54*3 

55*7 

55*4 

55*4 

55*5 

54*3 

7 

52-5 

52-2 

52-9 

53*2 

52*9 

53*7 

54*4 

55*2 

55*1 

55*0 

54*7 

54*3 

53*8 

8 

51-9 

51*8 

52*2 

52*7 

52*5 

53*5 

53*8 

53*7 

54*5 

54*0 

53*9 

54*2 

53*2 

9 

51*4 

51-7 

51-6 

51*7 

51*6 

52*8 

53*0 

53*4 

54*0 

53*3 

53*8 

53*1 

52*6 

10 

50-6 

50-8 

51T 

51*5 

51*6 

52*4 

52*6 

52*3 

53*1 

52*4 

52*8 

52*4 

52*0 

11 

50-5 

50-5 

51-3 

51*3 

51*1 

52*3 

52*2 

52*8 

52*5 

52*3 

52*7 

52*5 

51*8 

Noon 

50*2 

50-8 

51T 

51T 

51*7 

52*3 

52*2 

52*3 

51*7 

52*0 

52*8 

52*1 

51*7 

1 

49-9 

51-0 

51*2 

51*1 

52*7 

52*7 

51*8 

52*9 

52*6 

52*5 

53*0 

52*6 

52*0 

2 

50*1 

51-2 

51*5 

51*9 

52*7 

52*8 

52*5 

52*2 

53*0 

53*1 

52*6 

52*8 

52*2 

3 

503 

50-8 

51*3 

52*2 

53*1 

53*3 

52*2 

53*0 

53*3 

53*5 

52*9 

53*1 

52*4 

4 

50"6 

51-2 

51*5 

52*6 

53*2 

53*6 

53*2 

53*5 

53*6 

53*3 

53*0 

52*4 

52*6 

5 

50-2 

50-9 

51*5 

52*3 

53*0 

53*4 

53*8 

54*1 

54*0 

53*3 

53*0 

51*8 

52*6 

6 

49-5 

50-3 

51*8 

52*3 

52*9 

53*4 

53*6 

54*0 

53*6 

52*9 

51*7 

50*4 

52*2 

7 

48-4 

48-9 

50*3 

51*8 

52*9 

53*2 

53*6 

54*3 

52*8 

51*4 

49*7 

48*5 

52*1 

8 

46-6 

47-2 

48*2 

51*0 

52*6 

53*3 

53*4 

53*2 

51*0 

49*8 

48*2 

47*6 

50*2 

9 

46-0 

46-3 

46*7 

49*7 

51*5 

52*7 

52*4 

51*8 

49*4 

48*4 

47*8 

47*2 

49*2 

10 

47-4 

47-6 

46*5 

49*1 

51*2 

52*6 

51*8 

51*0 

48*8 

49*4 

48*8 

48*9 

49*4 

11 

49-3 

50-3 

48*3 

49*7 

51*4 

52*6 

51*9 

51*8 

49*8 

51*6 

51*8 

51*5 

50*8 

Monthly 

means 

51-0 

51-5 

51*7 

52*5 

53*1 

53*6 

53*6 

54*0 

53*7 

53*8 

53*7 

53*3 

53*0 

The  mean  value  of  the  magnetic  declination  for  the  year  1917  is 
E.  16°  53' 
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Horizontal  Magnetic  Force ,  0-22000  O.G.S.  Unit  +  Tabular  y. 


Year  1917. 


G.M.T. 

Jan. 

Feb.. 

Mar. 

April . 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

Means. 

h. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

0 

310 

310 

306 

314 

317 

326 

321 

284 

295 

296 

297 

294 

306 

1 

315 

317 

310 

316 

314 

321 

316 

286 

297 

303 

308 

301 

309 

2 

325 

325 

318 

321 

317 

320 

317 

290 

302 

311 

323 

314 

315 

3 

331 

333 

328 

327 

323 

323 

321 

294 

312 

319 

337 

327 

331 

4 

339 

339 

335 

334 

330 

331 

327 

303 

323 

329 

343 

337 

331 

5 

345 

341 

341 

332 

333 

333 

332 

311 

327 

333 

341 

341 

334 

6 

345 

338 

343 

331 

336 

333 

333 

311 

328 

331 

338 

339 

334 

7 

346 

337 

342 

334 

335 

334 

332 

314 

332 

330 

334 

336 

334 

8 

348 

341 

342 

336 

340 

335 

332 

312 

333 

330 

336 

334 

335 

9 

347 

342 

344 

338 

340 

337 

336 

313 

333 

328 

335 

336 

336 

10 

348 

344 

346 

338 

338 

338 

333 

312 

330 

328 

333 

335 

335 

11 

348 

343 

344 

340 

340 

338 

333 

313 

330 

329 

333 

335 

335 

Noon 

346 

343 

345 

339 

340 

338 

334 

313 

328 

328 

331 

333 

335 

1 

345 

341 

344 

340 

338 

338 

332 

312 

328 

325 

331 

328 

333 

2 

342 

344 

345 

339 

340 

337 

333 

313 

325 

325 

330 

331 

333 

3 

340 

341 

343 

341 

339 

339 

332 

314 

326 

327 

329 

326 

333 

4 

341 

339 

343 

341 

340 

338 

332 

313 

328 

328 

330 

325 

333 

5 

343 

340 

343 

344 

340 

339 

334 

315 

329 

331 

329 

325 

334 

6 

343 

341 

343 

345 

341 

341 

334 

317 

331 

332 

329 

321 

335 

7 

338 

338 

340 

344 

341 

342 

335 

316 

331 

329 

325 

315 

333 

8 

328 

327 

333 

339 

343 

343 

337 

313 

329 

322 

320 

307 

328 

9 

316 

317 

322 

330 

337 

341 

337 

311 

325 

313 

307 

293 

321 

10 

310 

304 

313 

323 

331 

340 

336 

304 

315 

302 

298 

286 

314 

11 

305 

302 

306 

317 

322 

334 

330 

294 

302 

297 

293 

289 

316 

Monthly 

means 

335 

333 

334 

334 

334 

335 

331 

307 

322 

322 

325 

321 

328 

The  mean  value  of  the  horizontal  magnetic  force  for  the  year  1917  is 
0-22328  C.G.S.  unit. 
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Fig.  3.—' Vector  diagram  for  winter  months,  1917. 


Fig.  4. — ’Vector  diagram  for  the  year  1917.  N-S,  geographical  meridian  ; 

M-M,  magnetic  meridian.  Mean  diurnal  horizontal  disturbing 
forces  at  Christchurch  (all  days).  Oh.  =  Greenwich  midnight. 


Vertical  divisions,  10  y  of  horizontal  force 


16 


The  N.Z.  Journal  of  Science  and  Technology.  [Mar. 


0 U  GM.CT<^  i2h 


2.^- 


Fig.  5. — -Mean  monthly  curves  of  magnetic  declination,  1917. 


Vertical  divisions,  10  y  of  horizontal  force  -f- 
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Fig.  6. — Mean  monthly  curves  of  magnetic  horizontal  force,  1917. 


2 — Science. 
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Reefton  Coalfield.* 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  N.Z,  Geological  Survey. 

The  outcrop  portion  of  the  Beef  ton  Coalfield  consists  of  a  strip  of 
coal-measures  extending  from  south  of  Beefton  to  north  of  Capleston,  and 
resting  on  the  flanks  of  the  hills  that  form  the  eastern  side  of  the  great  struc¬ 
tural  depression  between  the  Paparoa  and  Victoria  Banges.  The  measures 
dip  westward  at  angles  that  vary  between  1  in  2  and  1  in  8,  and  disappear 
beneath  the  gravels  of  the  floor  of  the  valley.  The  streams  draining  from 
the  eastern  uplands  have  cut  their  valleys  through  the  coal-measures,  and 
the  coalfield  as  exposed  consists  of  a  series  of  small  blocks  of  coal- 
measures  separated  by  gravel-filled  valleys  of  greater  or  less  width.  At 
one  time  the  coal-measures  formed  part  of  an  ancient  land  surface  that 
was  later  smothered  by  thick  deposits  of  stream-gravels.  These,  though 
now  in  great  part  removed,  still  form  the  tops  of  the  interfluvial  ridges 
and  terraces.  Thus  the  outcrops  of  the  seams  are  confined  for  the  most 
part  to  the  lower  slopes  of  the  valleys,  and  the  area  occupied  by  any  seam 
in  a  spur  is  largely  a  matter  of  inference  and  not  of  measurement. 

The  most  northerly  known  coal-outcrop  belonging  to  this  coalfield  is 
near  the  junction  of  Italian  Gully  and  Baglan  Creek,  where  coal  mixed 
with  clay  and  sandstone  occurs  in  a  crush-zone.  Involved  in  the  same 
fault,  thick  outcrops  of  crushed  coal  appear  in  Howell’s  sluicing  claim 
and  in  Burk  Creek  (of  which  Baglan  Creek  is  a  branch).  In  Coal  Creek, 
another  branch  of  Burk  Creek,  a  21  ft.  seam  is  reported,  and  in  a  small 
eastern  branch  of  Coal  Creek  a  large  outcrop  is  exposed.  Near  the  saddle 
between  Coal  and  Little  Boatman  Creeks  Mr.  F.  W.  Archer  has  worked 
two  seams  for  many  years.  Becently  he  has  driven  a  tunnel  from  Little 
Boatman  Creek  at  a  point  about  250  ft.  above  the  Township  of  Capleston. 
In  this  locality  at  least  four  workable  seams  are  known.  The  lowest,  20  ft. 
thick  or  more,  rests  on  micaceous  claystones,  and  is  12  ft.  above  a  thin 
coal-seam  1  ft.  to  2  ft.  thick,  which  in  turn  is  separated  from  the  basal 
grevwackes  by  about  100  ft.  of  coarse  grit  and  fine  quartz-conglomerate. 
The  roof  of  the  large  seam  consists  of  about  1  ft.  of  carbonaceous  shale 
succeeded  by  30  ft.  of  fine  sandstone.  Next  follows  a  5  ft.  seam  of 
coal  contained  in  thin  layers  of  carbonaceous  shale;  then  50ft.  of  grit 
and  sandstone  ;  a  coal-seam  12  ft.  to  16  ft.  thick  ;  50  ft.  of  grit,  sandstone, 
and  shale  ;  and  a  coal-seam  10  ft.  to  12  ft.  thick,  overlain  by  massive  layers 
of  grit  and  fine  conglomerate.  The  coal-outcrops  to  the  north  of  this 
locality  already  mentioned  must  belong  to  one  or  more  of  these  four  seams, 
but  enough  work  has  not '-been  done  to  allow  of  any  safe  correlations. 
A  powerful  fault,  striking  north-west,  separates  ther  ancient  rocks  from 
the  coal-measures  along  the  north-eastern  side  of  the  Burk  Creek  valley, 
and  has  caused  the  steep  dips  and  shattered  condition  of  the  coal-seams 
of  that  locality.  Immediately  above  Capleston,  half  a  mile  to  the  west 
of  the  point  where  Mr.  Archer  has  recently  opened  the  large  bottom  seam, 
the  same  seam  has  been  worked  by  Coghlan  Bros,  for  many  years.  This 
is  the  only  one  of  the  four  workable  seams  known  to  occur  in  the  basin  of 
Little  Boatman  Creek  that  has  been  traced  to  the  westward  as  far  as 


*  Tliis  account  includes  no  description  of  the  numerous  patches  of  coal-bearing 
strata  occurring  on  the  hills  east  and  south-east  of  Reefton. 
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Capleston.  On  the  northern  side  of  Boatman  Creek,  7  or  8  chains  down¬ 
stream  from  the  Capleston  Bridge,  an  adit  is  driven  on  this  seam,  here  10  ft. 
to  12  ft.  thick.  The  tunnel  in  coal  5  ft.  to  7  ft.  thick  on  the  opposite  side 
of  the  stream  is  on  the  same  seam.  The  overlying  strata  here  consist 
chiefly  of  sandstone  and  grit,  but  a  few  chains  down-stream  are  concealed 


Sketch-map  showing  the  Outcrop  Portion  oe  the  Reefton  Coalfield. 

(The  coal-measures  are  hatched,  and  the  coal-outcrops  are  shown  in  black.  Faults 

are  not  shown.) 


by  gravels.  The  underlying  beds  consist  mainly  of  massive  layers  of 
coarse  grit  and  of  quartz-grevwacke-conglomerate  about  1 ,000  ft.  thick. 
At  horizons  150  ft.  and  200  ft.  below  the  5  ft.  coal-seam  are  bands  of 
carbonaceous  shale  3  ft.  to  4  ft.  thick,  the  lower  containing  1  ft.  of  coal. 
These  bands  may  be  traced  southward  along  the  face  of  the  hills  into  Flower 
Creek,  a  small  stream  about  25  chains  south  of  Boatman  Creek.  Here 
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two  seams  of  coal,  the  upper  2  ft.  and  the  lower  4  ft.  thick,  separated  by 
about  20  ft.  of  sandstone  and  conglomerate,  represent  the  shale  bands. 
Down  Flower  Creek  the  rocks,  in  upward  sequence,  consist  of  grits  and 
sandstones.  Five  chains  from  the  coal  is  a  band  of  carbonaceous  shale 
6  ft.  thick,  overlain  by  massive  quartz-conglomerate.  This  is  probably 
to  be  correlated  with  the  5  ft.  seam  worked  on  the  south  side  of  Boatman 
Creek.  Farther  down  Flower  Creek  the  coal-measures  are  concealed  by 
gravel,  and  the  same  condition  continues  to  the  southward  as  far  as  the 
Waitahu  River.  Here  two  seams  have  been  worked  for  a  number  of  years, 
and  a  third,  of  workable  thickness,  has  recently  been  found.  The  mine- 
workings  are  at  present  standing  against  a  fault  which  probably  strikes 
a  little  south  of  east.  The  structure  is  complicated  by  the  occurrence  of  a 
small  transverse  upthrow  fault  which  was  encountered  at  about  the  same 
time  as  the  main  downthrow  fault.  At  the  time  of  the  writer’s  visit  a 
bore,  on  the  other  side  of  the  fault,  was  being  drilled  from  a  point  about 
15  chains  north-east  of  the  workings.  This  bore  passed  through  80  ft. 
of  gravel  and  sand,  forming  the  top  of  the  high-level  terrace  north  of  the 
Waitahu,  and  penetrated  a  seam  8  ft.  thick  at  a  depth  of  586  ft. — that  is, 
about  60  ft.  below  the  level  of  the  mine  adit.  It  was  continued  through 
two  seams  of  dirty  coa,l,  the  first  3  ft.,  the  second  2  ft.  thick,  respectively 
50  ft.  and  144  ft.  below  the  8  ft.  seam.  At  a  depth  of  725  ft.  the  strata 
(shales)  were  vertical,  and  a  few  feet  lower  the  drill  entered  crushed 
country,  at  which  point  the  work  stopped. 

In  this  locality  the  massive  grits  exposed  at  the  bridge  across  the 
Waitahu  are  underlain  by  dark  calcareous  micaceous  mudstone  300  ft. 
thick.  This  is  followed  by  about  100  ft.  of  sandstone,  sandy  shale,  and 
micaceous  mudstone.  Next  come  the  coal-bearing  beds,  500  ft.  thick, 
consisting  chiefly  of  quartz-conglomerate,  grit,  brown  sandstone,  sandy 
shale,  and  mudstone.  Individual  beds  of  conglomerate  and  grit  are  nearly 
all  from  20  ft.  to  50  ft.  thick,  but  the  beds  of  finer  material  are  usually 
not  more  than  6  ft.  thick.  The  coal-seams  observed  were  a  thick  seam 
(at  least  13  ft.)  about  10  ft.  from  the  basal  slate,  a  2  ft.  seam  100  ft.  above 
the  thick  seam,  a  5  ft.  seam  80  ft.  higher,  a  16  ft.  seam  60  ft.  higher,  and  a 
2  ft.  seam  50  ft.  above  the  16  ft.  seam.  The  16  ft.  and  5  ft.  seams  are 
being  worked,  and  the  former  is  thought  to  be  the  8  ft.  seam  penetrated 
bv  the  bore.  The  2  ft.  seam  below  the  5  ft.  seam  has  been  followed  to 

*j 

the  rise,  and  there  shows  about  6  ft.  of  coal.  Half  a  mile  above  the  bridge 
250  ft.  of  strata  are  exposed  at  the  top  of  the  high  terrace  north  of  the 
river.  The  beds  consist  of  alternations  of  coarse  sandstone  and  finer 
material,  but  contain  only  a  few  streaks  of  coal.  Three  bands  of  shale, 
which  some  years  ago  were  on  fire,  are  exposed  in  this  section,  and  consist 
of  white  finely  laminated  clay  stained  with  iron  and,  when  freshly  broken, 
emitting  the  acrid  smell  of  burnt  oil-shale. 

A  chain  above  the  bridge  on  the  northern  side  of  the  river  micaceous 
mudstone  is  exposed  at  water-level.  It  contains  calcareous  concretions 
and  numerous  shells,  of  which  the  following  forms  have  been  identified  : — 


*Ancilla  australis  (Sow.). 
Anomia  sp. 

Cardium  n.  sp. 

Chione  chiloensis  truncata  Sut. 
Cucullaea  fonder osa  Hutt. 

*  Loupes  concinna  Hutt. 

Pecten  huttoni  (Park). 


Polinices  sp. 

Ostrea  wuellerstorfi  Zitt. 

* Siphonalia  nodosa  (Mart.). 

* Tellina  glabrella  Desh. 
*Turritella  pagoda  (?)  Reeve. 
Turritella  patagonica  Sow. 


*  Species  marked  with  an  asterisk  are  still  living. 
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Half  a  mile  south  of  the  coal-mine  on  the  north  bank  of  the  Waitahu 
a  large  seam  has  been  driven  on  for  a  few  chains.  The  outcrop  is 
surrounded  by  gravel,  and  the  relations  of  the  seam  were  not  ascertained. 
On  the  track  leading  from  this  locality  across  the  hills  to  the  Inglewood 
Gold-mine  coal  outcrops  at  a  height  of  300  ft.  above  the  river-flats. 

In  a  small  north  branch  of  Madman  Creek,  itself  a  tributary  of  Burke 
Creek,*  a  large  seam  is  exposed  more  or  less  continuously  for  about 
10  chains.  Adits  have  been  driven  from  two  points,  and  a  small  amount 
of  coal  extracted .  The  seam,  which  is  at  least  30  ft.  thick,  dips  westerly 
at  about  1  in  4.  The  hill  rises  to  the  east  with  the  same  slope,  and  a  few 
shallow  pits  show  that  the  seam  has  a  cover  of  from  3  ft.  to  10  ft.  of  gravel 
and  soft  shale.  An  acre  of  coal  has  been  proved  in  this  way,  and  from 
a  superficial  inspection  it  is  probable  that  there  is  an  area  of  about  10  acres 
containing  coal  concealed  only  by  a  tlim  cover. 

About  10  chains  north  of  the  upper  adit  and  about  100  ft.  above  it  a 
coal-seam  of  unknown  thickness  beneath  a  thin  cover  of  Pleistocene  gravel 
has  been  burning  for  several  years.  Already  at  least  an  acre  of  coal  has 
been  consumed,  and  steps  should  at  once  be  taken  to  extinguish  this  fire. 
About  4  chains  westward  from  the  lower  adit  and  on  the  north  side  of  the 
tramway  a  seam  of  unknown  thickness  is  exposed.  This  is  probably  the 
same  seam  that  is  on  fire  to  the  north-eastward. 

The  Reefton  Coal  Company  is  working  a  seam  from  12  ft.  to  16  ft.  thick, 
outcropping  on  the  south  side  of  Stony  Batter  Creek.  The  section  in  this 
locality,  in  downward  sequence,  consists  of  2J  ft.  of  coal,  120  ft.  of  strata, 
16  ft.  of  coal,  40  ft.  of  sandstone,  2  ft.  of  coal,  60  ft.  of  sandstone,  3  ft.  of 
pyroshale,  and  6  ft.  of  coal,  followed  bv  sandstone  and  shale.  A  small  fault 
or  roll  striking  north  and  south  and  with  downthrovV  to  the  east  is  exposed 
in  a  rill  a  few  chains  up-stream  from  the  main  adit  Coal,  probably  belong¬ 
ing  to  the  16  ft.  seam,  is  reported  to  outcrop  in  the  low  hills  north  of  Stony 
Batter  Creek,  but  this  occurrence  was  not  visited. 

In  Burke  Creek  valley,  20  chains  south  from  Stony  Batter  Creek,  the 
16  ft.  and  5  ft.  seams  have  been  extensively  worked,  and  in  the  case  of 
the  former  the  workings  are  continuous  through  the  spur.  In  this  locality 
the  seam  120  ft.  above  the  16  ft.  seam  is  not  known,  but  a  large  seam 
below  the  5  ft.  seam  and  a  fewr  feet  above  the  basal  slate  is  exposed  in  the 
stream-bed  10  chains  east  of  the  workings. 

The  section  on  the  north-east  side  of  the  valley  of  Ajax  Creek,  one  of 
the  south  tributaries  of  Burke  Creek,  shows,  in  downward  sequence,  7  ft. 
of  coal,  150  ft.  of  rock,  17  ft.  of  coal,  30  ft.  of  rock,  2  ft.  of  coal,  150  ft.  of 
rock,  6  ft.  of  carbonaceous  shale  with  coaly  bands,  100  ft.  of  rock,  and 
25  ft.  of  coal  separated  from  the  basal  slate  by  a  dozen  feet  of  clay  and 
sandstone.  On  the  other  side  of  this  valley  the  highest  seam,  7  ft.  in  thick¬ 
ness,  is  being  worked,  and  the  lowest,  showing  21  ft.  of  coal,  was  worked 
many  years  ago.  The  intervening  seams  are  known  to  occur,  but  were  not 
seen. 

Half  a  mile  south-westward  from  the  last-described  locality  two  seams, 
respectively  4J  ft.  and  16  ft.  thick,  have  been  worked  near  the  base  of  the 
high  terrace  overlooking  Reefton.  About  a  mile  southward  from  this 
locality,  on  the  south  side  of  the  Inangahua  River,  opposite  the  town,  coal 
is  reported  to  outcrop  in  a  small  stream.  A.  mile  and  a  quarter  southward 


*  This  stream  is  near  Reefton,  and  must  be  distinguished  from  Burk  Creek,  which 
is  a  tributary  of  Boatman  Creek  (see  map). 
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across  the  hills  a  seam,  from  8  ft.  to  10  ft.  thick,  and  on  the  north  side  of 
the  valley  of  Devil  Creek,  is  being  worked.  This  is  the  most  southerly 
coal-outcrop  known  on  the  coalfield. 

In  view  of  the  lenticular  nature  of  the  seams  the  correlation  of  different 
outcrops  is  difficult  and  uncertain.  Near  Reef  ton  the  highest  workable 
seam  known  in  the  sequence  is  the  4J  ft.  seam  worked  within  the  town 
boundary  in  the  north-east  comer  of  Reefton.  This  is  correlated  .with  the 
6  ft.  seam  (known  as  Leishman’s)  worked  50  chains  to  the  north-east  on 
the  south-west  side  of  Ajax  Creek.  The  7  ft.  seam  exposed  at  the  mouth 
of  Lockington’s  old  mine-tunnel  is  the  same  seam.  Northward  the  seam 
is  not  certainly  known,  but  probably  the  2J  ft.  outcrop  in  a  small  south 
branch  of  Stony  Batter  Creek  belongs  to  it.  In  the  table  below,  this  is 
termed  the  “  No.  1  seam.” 

The  16  ft.  seam  worked  within  the  Reefton  town  boundary  is  the  same 
as  the  17  ft.  seam  worked  years  ago  on  the  right  side  of  Ajax  Creek  by 
E.  Lockington,  sen.  Much  coal  has  been  extracted  from  this  seam  on  both 
sides  of  the  valley  of  Burke  Creek,  and  at  the  present  time  the  Reefton  Coal 
Company  is  working  the  same  seam  on  the  southern  side  of  Stony  Batter 
Creek.  An  outcrop  opposite  the  company’s  adits  on  the  spur  to  the  north 
of  the  creek  probably  belongs  to  this  seam,  which,  however,  is  not  certainly 
known  farther  north.  This  is  the  No.  2  seam  of  the  table. 

The  6  ft.  layer  of  carbonaceous  shale  with  coaly  bands  exposed  on  the 
north-east  side  of  Ajax  Creek  valley  undoubtedly  represents  the  5  ft.  seam 
of  coal  worked  in  Burke  Creek.  The  same  seam  shows  a  similar  thickness 
on  the  south  side  of  Stony  Batter  Creek,  and  the  Reefton  Coal  Company’s 
stone  drive  at  the  time  of  the  writer’s  visit  had  reached  this  seam  but  had 
not  penetrated  it.  This  is  the  No.  3  seam  of  the  table. 

The  large  seam  a  few  feet  above  the  basal  rock  worked  on  the  north¬ 
east  side  of  Ajax  Creek  and  exposed  on  the  other  side  of  the  same  valley 
is  probably  the  same  seam  that  was  worked  at  Reefton  many  years  ago  in 
the  old  Dudley  Mine.  North  of  Ajax  Creek  this  seam  is  exposed  in  Burke 
Creek  and  in  the  spur  to  the  north,  but  a  fault,  probably  unimportant, 
prevents  its  appearance  in  Stony  Batter  Creek.  The  large  outcrop  in  the 
branch  of  Madman  Creek  probably  belongs  to  this  seam,  as  does  the 
outcrop  in  Painkiller  Creek  farther  northward.  The  thick  coal  exposed 
immediately  above  the  basal  slate  on  the  north  bank  of  the  Waitahu 
River  is  thought  to  belong  to  the  same  seam.  This  is  the  No.  4  seam 
of  the  table.  No  correlation  of  the  other  seams  in  the  Waitahu  section  is 
attempted. 

The  coal-measures  of  the  Boatman  Creek  area  consist  for  the  most  part 
of  quartz-conglomerate  and  coarse  grit.  They  are  of  a  much  coarser  texture 
than  those  in  the  valley  of  Burke  Creek,  where  fine  sandstones  predominate, 
and  where  one  thin  band  of  coarse  grit  and  no  conglomerate  was  observed. 
The  coal-measures  north  of  the  Waitahu  consist  of  a  mixture  of  quartz- 
conglomerate,  coarse  grit,  and  sandstone,  and,  on  the  whole,  are  intermediate 
in  texture  between  those  at  Boatman  Creek  and  those  at  Burke  Creek. 
Only  the  largest  and  lowest  seam  of  the  four  workable  seams  exposed  in 
Little  Boatman  Creek  was  traced  south  of  Boatman  Creek,  where  it  is  from 
5  ft.  to  7  ft.  thick,  and  this  seam  is  undoubtedly  at  a  higher  horizon  than 
the  outcrop  exposed  in  Flower  Creek.  The  relationship  of  the  Flower  Creek 
seam  to  those  cropping  out  on  the  north  bank  of  the  Waitahu  is  unknown, 
as  is  the  precise  connection  between  the  Waitahu  River  seams  and  those 
of  Burke  Creek  valley. 
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The  following  table  shows  the  amounts  of  coal  in  workable  seams  above 
water-level  contained  in  the  spurs  between  the  streams.  As  stated  above, 
the  seams  disappear  beneath  gravels  that  cap  the  spurs,  and  the  coal- 
bearing  areas  cannot  be  accurately  defined  without  extensive  boring.  The 
thickness  of  the  seams  is  measured  at  right  angles  to  the  roof  and  floor, 
but  in  estimating  the  coal  areas  no  account  has  been  taken  of  the  dip  of 
the  seams.  Each  acre  of  coal  1  ft.  thick  is  considered  to  contain  1,500  tons 
of  coal. 


Spur. 

Seam. 

Thickness  on 
South-west 
Side  of  Spur. 

Thickness  on 
North-west 
Side  of  Spur. 

Average 

Thickness. 

Area. 

Tonnage. 

Between  Reefton  and  Ajax 

No.  1 

Feet. 

H 

Feet. 

7 

Feet. 

5* 

Acres. 

47 

397,750 

Creek 

No.  2 

12-16 

15 

14* 

47 

1,092,750 

No.  3 

Unknown 

Unknown 

•  • 

0  e 

No.  4 

?  20  (not  seen) 

21 

20 

45 

1,350,000 

Between  Ajax  and  Burke 

No.  1 

7 

Not  known 

?  6 

2* 

•  • 

Creeks 

No.  2 

17 

16 

16 

u 

175,000 

No.  3 

6  (shale) 

5  coal 

«  • 

.  . 

No.  4 

25 

25 

25 

30 

1,025,000 

Between  Burke  and  Stony 

No.  1 

Not  known 

2* 

.  . 

»  . 

Batter  Creeks 

No.  2 

16 

14 

15 

16 

360,000 

No.  3 

5 

6 

51 

11 

90,750 

No.  4 

25 

?  20  (half- 

20 

4 

120,000 

Between  Stony  Batter  and 

Coal-me« 

rsures  in  some 

concealed 
outcrop) 
parts  at  leas 

b  disti 

irbed  ; 

only  one 

Madman  Creeks 

Between  Madman  and  Pain- 

outcrop  known. 

No.  1  Not  known 

killer  Creeks 

No.  2 

Not  known 

•  • 

•  • 

•  • 

No.  3 

?  5 

Burning  seam ;  thickness  unknown. 

No.  4 

30 

16 

20 

80 

2,400,000 

North  side  of  Waitahu  .  . 

Upper 

16 

To  fault 

16 

3 

72,000 

Middle 

5 

To  fault 

5 

2 

15,000 

Lowest 

?  10 

.  , 

•  • 

,  , 

#  # 

Between  Boatman  and 

Lowest 

12 

20 

16 

85 

2,040,000 

Little  Boatman  Creeks 

Total  . . 

•  • 

9,138,250 

The  writer  considers  this  estimate  conservative.  No  account  has  been 
taken  of  the  coal  in  a  seam  unless  outcrops  that  can  reasonably  be  referred 
to  the  same  seam  are  known  on  both  sides  of  a  spur.  For  this  reason  the 
coal  south  of  Reefton  and  that  in  the  upper  seams  of  the  Boatman  Creek 
area  are  not  included  in  the  estimate.  On  the  other  hand,  the  coal  already 
extracted  has  not  been  allowed  for. 

To  test  the  seams  of  the  Burke  Creek  area  to  the  dip,  bores  should  be 
sunk  in  the  flat  north-west  of  the  hills.  The  tram-lines  on  this  flat  provide 
easy  access,  and  bores  placed  at  intervals  of,  say,  20  chains  on  or  near  the 
lines  along  Madman,  Stony  Batter,  and  Ajax  Creeks  would  test  the  coal- 
measures.  In  the  case  of  the  first-mentioned  stream  the  first  bore  should 
be  20  chains  from  the  main  adit,  and  in  Stony  Batter  and  Ajax  Creeks 
20  chains  from  No.  2  seam.  On  a  high  gravel  terrace  at  a  point  about 
110  chains  east-north-east  from  the  Reefton  Railway-station  a  bore  500  ft. 
deep  has  recently  been  drilled  in  search  of  coal.  It  penetrated  gravel  and 
clay  bands  for  the  first  50  ft.,  below  which  were  beds  of  soft  sands,  sandy 
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clays,  and  claystones  that  became  more  compact  in  depth.  These  are 
evidently  part  of  the  younger  Tertiary  beds  well  exposed  on  the  right  bank 
of  the  Waitahu  a  mile  down -stream  from  the  coal-mine.  If  the  coal- 
measures  maintain  an  average  dip  of  1  in  4  the  first  coal-horizon  should 
be  reached  in  this  bore  at  a  depth  of  about  1,800  ft. 

The  gravels  of  the  structural  valley  are  probably  underlain  by  coal- 
measures  to  as  far  north  as  Burk  Creek,  a  branch  of  Boatman  Creek,  and 
as  far  south,  as  Devil  Creek.  And  these  may  not  be  the  limits  of  the  con¬ 
cealed  coalfield.  The  structure  of  the  coal-measures  below  the  gravels,  and 
the  number,  thickness,  and  distribution  of  the  seams  therein,  will  best  be 
ascertained  by  boring.  It  is  probable  that  the  amount  of  coal  below  water- 
level  is  many  times  more  than  that  occurring  above  it. 


Notes  to  accompany  a  Geological  Map  of  the  Cheviot 

District. 

By  J.  Henderson,  D.Sc.,  Mining  Geologist,  N.Z.  Geological  Survey. 

The  following  notes  on  the  geology  of  the  Cheviot  district  are  in  con¬ 
tinuation  to  those  already  published,*  and  the  accompanying  sketch-map 
is  from  data  collected  during  the  writer’s  brief  visits  in  May,  1917,  and 
November,  1919. 

Physiography  and  Structure. 

The  area  mapped,  in  all  about  90  square  miles,  lies  between  the  lower 
courses  of  the  Waiau-uha  and  Hurunui  Rivers,  in  the  south-east  corner  of 
the  old  Provincial  District  of  Nelson.  It  consists  of  a  depression  extending 
northward  from  the  Hurunui  to  beyond  the  Waiau-uha.  On  the  west  it 
is  bounded  by  the  Benmore  Hills,  beyond  which  rise  the  Lowry  Peaks. 
On  the  east  the  Cheviot  Hills  separate  the  depression  from  the  sea. 
A  fault-zone  bounds  the  depression  on  the  east,  a  similar  zone  probably 
occurs  on  the  west,  and  the  lowlands  thus  consist  of  an  elongated  strip 
let  down  between  relatively  elevated  blocks.  At  the  southern  end  of  the 
Cheviot  Hills  is  another  but  smaller  trough  between  faults  that  strike  east- 
north-east.  Several  faults  cross  the  southern  portion  of  the  Cheviot  Hills, 
where  they  appear  as  wide  crush-zones  striking  west-north-west.  These 
were  not  traced  across  the  depression,  but  McKay  in  his  report  of  1902 
describes  the  most  severe  effects  of  the  earthquakes  of  November,  1901, 
as  occurring  in  the  lowlands  along  the  extension  of  the  two  crush -zones 
shown  in  the  map  crossing  the  southern  end  of  the  coastal  hills. 

The  lowlands  consist  of  gravels  and  soft  Tertiary  and  perhaps  Cretaceous 
beds,  whereas  the  uplands  are  carved  from  older  and  much  more  resistant 
rocks.  The  northern  half  of  the  depression  drains  to  the  Waiau-uha,  a 


*  Notes  on  the  Geology  of  the  Cheviot  District,  N.Z.  Jour.  Sci.  &  Teclu,  vol.  1, 
pp.  171-74,  1918.  To  the  list  of  literature  given  in  this  paper  add  :  R.  Speight  and 
L.  J.  Wild,  The  Stratigraphical  Relationship  of  the  Weka  Pass  Stone  and  the  Amuri 
Limestone,  Trans.  N.Z.  Inst.,  vol.  50,  pp.  79,  80,  1918  :  and  R.  Speight,  Structural 
and  Glacial  Features  of  the  Hurunui  Valley,  ibid.,  pp.  93-105. 
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small  part  of  its  southern  end  to  the  Hurunui,  and  the  intervening  portion 
to  the  Jed.  a  small  stream  that  flows  to  the  sea  round  the  southern  end  of 
the  Cheviot  Hills.  As  judged  from  the  upper  courses  of  the  small  streams 
draining  the  hills  flanking  the  lowlands,  all  the  drainage  was  formerly 


northward  to  the  Waiau-uha,  perhaps  consequent  on  the  northerly  slope 
of  the  younger  rocks  flooring  the  depression. 

Jed  Stream  flows  eastward  across  a  hill-surrounded  flat  which  slopes 
gently  from  the  railway,  where  it  is  250  ft.  above  sea-level,  to  the  Township 
of  Cheviot  (200  ft.),  where  the  stream  enters  the  valley  it  has  cut  through 
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the  hills.  The  graded  slope  of  the  flat  is  continued  along  this  valley,  and 
terminates  in  a  marine  shelf  cut  in  soft  rock  and  veneered  with  beach 
gravels  and  sand.  This  bench,  80  ft.  to  90  ft.  high,  is  prominent  north 
and  south  of  the  mouth  of  the  Jed.  Evidently  the  Cheviot  flats  were 
formed  during  a  period  of  standstill  when  the  land  was  about  90  ft.  lower 
than  at  present.  The  extensive  terraces,  80  ft.  to  120  ft.  above  present 
river-level,  that  occur  in  the  depression  south  of  the  Waiau-uha  and  north 
of  the  Hurunui  were  formed  during  the  same  period,  as  also  was  the  valley- 
floor  that  may  be  traced  for  some  distance  along  Buxton  Creek,  a  small 
stream  entering  the  sea  half  a  mile  south  of  the  Jed.  A  raised  beach  about 
a  dozen  feet  above  sea-level  extends  more  or  less  continuously  along  the 
shore  south  from  Buxton  Creek  to  Gore  Bay.  While  this  beach  was 
forming,  the  streams  were  cutting  back  up-stream  and  entrenching  them¬ 
selves  in  their  90  ft.  valley-floors,  a  process  that  is  still  continuing.  Jed 
Stream  is  entrenched  for  about  a  mile  only  from  its  mouth,  but  the  Waiau- 
uha  and  Hurunui  have  cut  back  beyond  the  Cheviot  depression.  Their 
branches,  which  are  now  deeply  entrenched  in  the  soft  rocks  of  the  lowlands, 
have  captured  streams  that  at  one  time  discharged  into  the  Jed.  Thus 
Swamp  Creek  now  flows  to  the  Waiau-uha  through  the  low  hills  north  of 
the  Cheviot  flats,  and  the  two  small  streams  that  formerly  entered  the 
south-western  corner  of  the  flats  at  Ho  Noti  have  been  diverted  to  the 
Hurunui.  At  Port  Robinson  a  raised  beach  from  220  ft.  to  250  ft.  above 
sea-level  is  prominent,  and  remnants  of  yet  higher  beaches  occur  a  little 
north  of  this  locality. 


General  Geology. 

The  oldest  rocks  of  the  district  are  siliceous  and  unfossiliferous  grey- 
wackes  and  argillites.  McKay  reports  that  a  40  ft.  band  of  conglomerate 
containing  pebbles  of  rhyolite,  granite,  quartz,  &c.,*  occurs  on  the  east 
slope  of  the  Cheviot  Hills.  The  strata  as  a  whole  have  been  intensely 
folded,  and  later  much  crushed  and  faulted. 

About  a  mile  up-stream  from  the  mouth  of  the  Jed  the  unconformable 
contact  of  the  greywackes  and  the  overlying  beds  was  examined.  The 
nearly  flat  surface  of  the  older  rocks  was  probably  produced  by  marine 
planation.  The  basal  layer  of  the  younger  strata  is  a  conglomerate  10  ft. 
to  12  ft.  thick,  containing  large  rounded  and  subangular  boulders  of  grey- 
wacke  in  a  matrix  of  glauconitic  mudstone.  Overlying  are  beds  of  shale, 
mudstone,  argillaceous  sandstone,  and  greensand,  as  well  as  the  various 
intergradations.  These  beds,  which  strike  east-north-east  and  dip  south¬ 
ward  at  about  20°,  may  be  50  ft.  to  70  ft.  thick.  They  are  overlain  by 
porous  bluish-coloured  sandstone,  from  which  the  rocks  in  the  bed  of  Jed 
Stream  known  as  “  The  Brothers  ”  have  been  carved.  Glauconitic  sandy 
beds  overlie,  followed  by  a  blue  argillaceous  sandstone  120  ft.  thick  which 
contains  lenses  of  coarse  sandstone,  limestone,  and  sandy  limestone,  and 
which  passes  upward  into  a  20  ft.  bed  of  white  chalky  limestone.  In 
Speight  and  Wild's  paper  of  1918  this  limestone  is  correlated  with  the 
Amuri  limestone,  apparently  on  the  unsafe  ground  of  lithological 
resemblance. 

From  the  lower  glauconitic  beds  exposed  along  Jed  Stream,  Haast, 
in  1870,  collected  saurian  bones.  These  rocks  again  outcrop  near  the  coast 


*  W.  J.  Sollas  and  A.  McKay,  The  Rocks  of  the  Cape  Colville  Peninsula,  vol.  2, 
pp.  160-73,  1906. 
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half  a  mile  north  of  the  Jed;,  in  the  small  tributary  entering  that  stream 
near  its  mouth.  Soft  dark-coloured  glauconitic  claystones,  covered  with 
a  yellowish  efflorescence  from  the  decomposition  of  the  greensand,  are 
exposed  for  a  few  chains  along  the  shore  at  Port  Robinson.  Some  layers 
contain  numerous  spherical  concretions  up  to  2  ft.  in  diameter.  The 
position  of  these  rocks  in  the  sequence  is  not  definitely  known,  since  they 
here  lie  between  two  faults,  but  they  probably  correspond  with  the  basal 
glauconitic  beds  exposed  in  the  Jed,  which,  except  for  the  concretions, 
they  closely  resemble. 

The  compact  limestone  layer  at  the  top  of  this  group  of  strata  is  by 
far  the  most  resistant  rock  in  it.  Near  the  sea  the  limestone,  20  ft.  to  30  ft. 
thick,  and  containing  flint  nodules,  outcrops  a  few  chains  north  of  the 
bridge  across  Buxton  Creek.  From  this  point  it  may  be  traced  continuously 
inland  for  two  miles  along  the  south  side  of  the  valley  of  Jed  Stream. 
Two  miles  from  the  sea  the  limestone  appears  to  the  north  of  the  Jed,  and 
thence  extends  without  a  break  northward  along  the  western  side  of  the 
Cheviot  Hi] Ls  to  the  Waiau-uha,  where  it  outcrops  near  the  mouth  of 
Caroline  Stream.  Except  in  the  lower  valley  of  the  Jed,  the  beds  beneath 
the  limestone  are  absent  or  poorly  exposed.  Only  at  one  point  were  they 
observed,  a  mile  and  a  half  due  east  of  Cheviot  Township,  wdiere  the  soft 
porous  sandstone  appears  east  of,  and  below,  the  limestone  ridge  that 
extends  north  from  Mount  Maccoinnich.  At  Port  Robinson,  north  of  the 
greensands  already  described,  a  small  outcrop  of  the  limestone  occurs  a 
few  chains  up  a  rill  that  has  excavated  a  deep  gash  along  a  fault  that  here 
dislocates  the  strata. 

Fossils  are  rare  in  this  group  of  beds.  A  few,  very  poorly  preserved, 
were  obtained  from  the  argillaceous  sandstone  underlying  the  limestone. 
The  precise  locality  is  30  chains  from  the  sea,  in  a  bend  where  the  Jed 
impinges  strongly  against  its  right  bank.  Mr.  J.  Marwick  has  identified 
the  following : — 

Anomia  sp.  Pecten  chcithamensis  (?)  Hutt. 

*Malletia  australis  (Q.  &  G.).  *Protocardia  jmlchella  (?)  (Gray). 

Nucula  sp.  nov.  cf.  nitidula  A.  Ad.  Tunitella  sp. 

By  careful  collecting  in  this  locality  better  material  should  be  obtained. 

In  1882  McKay  collected  fossils  from  a  locality  described  as  the  “  west 
slope  of  the  Cheviot  Hills  ”  (Loc.  No.  502).  No  rock  was  observed  in  any 
way  resembling  the  matrix,  a  hard  calcareous  fine  conglomerate.  The 
fossils  have  a  Cretaceous  aspect,  and  include — 

Aucella  sp. 

Belemnites  sp. 

Leda  sp. 

Lima  huttoni  H.  Woods  ( non  Suter)  =  L.  woodsi  Suter. 

Nucula  sp. 

Perissoptera  novoseelandica  Wilckens,  MS.f 

Overlying  the  chalky  limestone,  with  the  peculiar  contact  that  has 
already  been  described, J  are  massive  layers  of  arenaceous  mudstone.  The 


*  In  this  and  succeeding  lists  species  marked  with  an  asterisk  are  living  forms, 
t  Described  in  report  on  Cretaceous  gasteropods  now  in  the  press. 

•j  See  N.Z.  Jour.  Sci.  &  Tech.,  vol.  1,  p.  172,  1918,  and  R.  Spetght  and  L.  J.  Wild, 
Trans.  N.Z.  Inst.,  vol.  50,  p.  79,  1918. 
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mudstone  is  well  exposed  in  Buxton  Creek.  Many  layers  are  current- 
bedded,  others  are  ripple-marked,  and  rapid  alternations  of  mudstone  and 
clayey  sandstone  form  a  considerable  thickness  of  strata.  In  the  upper 
part  of  the  sequence  a  massive  sandstone  with  many  bedding  irregularities 
is  prominent.  Evidently  the  whole  series  was  laid  down  in  comparatively 
shallow  water. 

No  fossils  were  collected  from  these  beds  during  the  visit  made  in 
November,  1919.  Those  found  in  1917  were  Epitonium  lyratum  and 
Rapana  sp.  cf.  waihaoensis. 

Immediately  south  of  the  old  landing  at  Port  Robinson  soft  horizontally 
bedded  sandstones  form  high  cliffs.  Near  their  base  a  conglomerate  band, 
6  ft.  thick,  contains  boulders  of  greywacke,  limestone,  argillaceous  sand¬ 
stone,  and  spherical  concretions  derived  from  the  neighbouring  glauconitic 
beds.  These  beds,  which  in  their  upper  portion  contain  numerous  bands 
of  conglomerate  of  well-smoothed  greywacke  peebles  in  a  sandy  matrix, 
form  the  ridge  near  Port  Robinson  and  extend  south-westward  to  Mount 
Seddon.  The  conglomerates  of  this  series  are  in  places  strongly  calcareous. 
Such  a  rock,  forming  its  basal  member,  outcrops  at  the  top  of  the  high 
cliff  south  of  the  Jed  a  mile  from  the  sea.  A  similar  rock  is  exposed  at 
several  points  along  the  road  about  two  miles  west  of  Port  Robinson.  The 
cliffs  of  massive  greywacke-conglomerate  behind  Gore  Bay,  though  separated 
from  the  bed  at  Port  Robinson  by  a  fault,  were  probably  laid  down  as 
beach  beds  while  the  sands  at  Port  Robinson  were  deposited  off  shore.  Soft 
sandstones  similar  to  those  at  Port  Robinson,  and  containing  bands  of 
conglomerate  consisting  of  smooth  peebles  of  greywacke,  are  exposed  along 
both  sides  of  the  Gower  River  at  the  road-crossing  east  from  Phoebe 
Railway-station,  and  continue  southward  to  the  road  east  from  Mina  North 
Railway-station.  A  band  of  calcareous  conglomerate  or  pebbly  limestone 
was  observed  in  this  locality,  and  a  similar  rock  outcrops  half  a  mile 
south-east  and  again  a  mile  north-east  of  Cheviot  Township.  The  low 
hills  extending  west  from  the  last-mentioned  locality  contain  calcareous 
conglomerate  for  at  least  a  mile,  and  probably  the  low  downs  north  of 
Cheviot  flats  are  carved  from  this  group  of  strata.  How  far  they  stretch 
south  or  to  what  extent  they  help  to  form  the  slopes  of  Mount  Catherine 
or  the  downs  south  of  the  Cheviot  flats  is  unknown.  In  the  map  these  areas 
are  shown  to  be  covered  by  the  arenaceous  mudstones  so  well  exposed  in 
the  valley  of  Buxton  Creek. 

In  1869  Haast  collected  fossils  from  a  pebbly  limestone  on  the  flanks 
of  Mount  Caverhill.  This  rock  is  evidently  part  of  the  series  here  con¬ 
sidered,  although  no  outcrop  that  could  be  referred  to  it  was  observed  there 
Mr.  Marwick  has  identified  the  following  fossils  from  Haast’s  collection 
(Loc.  No.  216)  : — 


Ancilla  sp. 

*Calliostoma  punctulatum  (Mart.). 
Drillia  sp. 

*Glycymeris  laticostata  (Q.  &  G.). 
*Mytilu$  eclulis  L. 


*Paphia  intermedia  (Q.  &  G.). 
*Siphonalia  mandarina  (Duclos). 
*TurriteUa  symmetrica  Hutt. 
*Venericardia  difficilis  (Desh.). 


From  soft  sandstone  outcropping  beside  the  road  along  the  Gower  River, 
at  a  bend  65  chains  south-east  of  Mount  Ward  trig.,  where  the  road  begins 
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to  rise  from  the  present  flood-plain  of  the  stream  to  a  terrace  50  ft.  higher, 
the  following  forms  were  obtained  : — 


Chione  sp. 

*Dentalium  ecostatum  T.  W.  Kirk. 
*Dentalium  nanurn  Hutt. 
*Dentalium  zelandicum  Sow. 
*Drillia  chordata  Sut. 

*Drillia  laevis  (Hutt.). 

*Malletia  australis  (Q.  k  G.). 


Pecten  delicatulus  Hutt. 
Pecten  sp. 

Siphonalia  elegans  Sut. 
Siphonalia  sp. 

*Turritella  symmetrica  Hutt. 
*Venericardia  lutea  (Hutt.). 
*Zenatia  acinaces  (Q.  &  G.). 


The  most  abundant  fossil  is  the  Turritella,  which  also  occurs  plentifully 
in  the  sandstone  exposed  in  Swamp  Creek,  a  mile  to  the  south-east,  and  at 
Port  Robinson.  From  the  soft  sandstone  of  the  last-mentioned  locality, 
called  by  Haast  the  Turritella  beds,  a  small  collection  was  made  which 
included  about  half  of  the  forms  named  above  and  none  specifically  different. 
Of  those  specifically  named  in  both  collections  all  except  Pecten  delicatulus 
and  Siphonalia  elegans  occur  in  the  Wanganui  bedsf  and  aie  also  living 
forms. 

Economic  Geology. 

From  time  to  time  the  Government  Analyst  has  received  small  samples 
of  petroleum  from  the  Cheviot  district.  The  localities  where  oil  occurs 
were  visited  by  the  writer  in  November,  1919. 

A  crush-zone  striking  north-north-east  traverses  the  greywackes  about 
two  miles  east  of  Cheviot.  At  three  points  along  it,  where  shallow  holes 
had  been  excavated  in  the  soft  pug,  the  odour  of  kerosene  was  plainly 
evident,  although  the  water  filling  the  holes  showed  no  trace  of  oil-film. 
Immediately  to  the  west  of  this  crush-zone  the  younger  rocks  form  a  steep 
escarpment  capped  with  limestone,  and  the  oil  in  the  pug  may  well  have 
been  derived  from  these  younger  beds.  Three-quarters  of  a  mile  from 
the  mouth  of  Jed  Stream,  where  the  contact  between  the  greywackes  and 
the  overlying  beds  is  well  exposed,  a  faint  odour  of  kerosene  was  noticed 
in  the  pug  of  a  shatter-zone  in  the  older  rocks.  A  few  chains  down -stream, 
where  the  steam  flows  over  the  younger  strata,  bubbles  of  gas  rise  through 
the  sands  and  gravels  of  the  stream-bed.  The  gas,  which  escapes  only 
in  small  quantity,  smells  decidedly  of  sulphuretted  hydrogen,  and  a  dark 
dirty-green  discoloration  round  the  vent  was  no  doubt  due  to  the  decom¬ 
position  of  this  gas.  A  sample  of  the  emanation  from  this  spring  was  found 
by  the  Dominion  Analyst  to  consist  of — 


Carbon  dioxide  (C02)  .  .  .  .  .  .  . .  0-60 

Methane  (CH4)..  ..  ..  ..  ..  65*15 

Oxygen  (0)  .  .  .  .  .  .  .  .  , .  2*45 

Nitrogen  (N)  .  .  . .  .  .  . .  .  .  31*80 


100*00 

Other  points  of  emanation,  also  marked  by  green  discolorations  of  the 
surrounding  gravel  and  sand,  were  observed  in  the  creek-bed  30  chains 
down-stream. 

The  odour  of  kerosene  in  the  instances  mentioned  above  was  associated 
with  crush-zones  traversing  the  old  rocks  of  the  district,  although  in  each 


t  P.  Marshall  and  R.  Murdoch,  The  Tertiary  Rocks  near  Wanganui,  Trans.  N.Z. 
Inst.,  vol.  52,  pp.  115-28,  1920. 
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case  the  oil  may  have  been  derived  from  neighbouring  younger  beds.  If 
such  be  its  origin,  the  chances  of  its  occurrence  in  commercial  quantity 
in  the  district  are  small,  because  the  structure  of  the  younger  strata  is 
synclinal  and  more  favourable  for  the  escape  of  oil  than  for  its  accumu¬ 
lation.  The  odour  of  kerosene  is  reported  to  occur  in  crush-zones  in 
greywacke  near  the  coast  north  of  the  Jed  and  far  from  any  outcrop  of 
the  younger  beds.  This  locality  was  not  visited,  but  the  report  is  easily 
credible,  for  it  is  well  known  that  oil  is  found  in  all  sediments,  even  in 
such  altered  and  silicified  rocks  as  here  occur.  Possibly  the  gas  escaping 
in  connection  with  the  hot  springs  at  Hanmer,  near  which  no  younger 
beds  are  known  to  occur,  may  originate  in  the  greywacke  series.  At 
Hanmer,*  as  at  Cheviot,  the  emanation  of  hydrocarbons  was  notably,  though 
temporarily,  increased  by  the  earthquakes  of  1888. 

Since  glauconite  often  contains  a  considerable  proportion  of  potash,  a 
sample  of  greensand  was  collected  from  the  lower  glauconitic  beds  of  Jed 
Stream,  and  sent  to  the  Dominion  Laboratory  for  analysis.  About  half 
the  sample  was  apparently  glauconitic,  the  remainder  being  calcareous 
clay.  As  is  the  case  with  many  other  “  greensands/5  this  sample  was 
found  to  be  low  in  potash.  An  analysis  of  glauconite  from  Agulhas  Bankf 
is  tabulated  for  comparison  (No.  2)  : — 


(1.) 

(2.) 

Silica  (Si02)  . . 

47-20 

46-90 

Titanium  dioxide  (Ti02) 

0-89 

Alumina  (A1203) 

20-71 

4-06 

Ferric  oxide  (Fe203) 

2-60 

27-09 

Ferrous  oxide  (FeO) 

4-89 

3-60 

Lime  (CaO) 

10-00 

0-20 

Magnesia  (MgO) 

2-70 

0-70 

Soda  (Na20)  .  . 

2-90 

1-28 

Potash  (K20) 

1-84 

6-16 

Combined  water  and  organic  matter 

6-34 

9-25 

100-07 

99-24 

Carbonaceous  material  representing  the  vegetation  of  an  old  land 
surface  occurs  between  the  greywackes  and  the  younger  beds  on  the  west 
flank  of  Mount  Maccoinnich.  The  beds,  which  were  not  observed,  are 
reported  to  be  thin  and  inconstant.  The  samples  of  coaly  material  of 


which  the  analyses  are  given  below 

were  probably  from  this  locality. 

(1.) 

(2.) 

Fixed  carbon 

..  51-61 

60-11 

Hydrocarbons 

. .  25-23 

18-06 

Water  .  . 

. .  4-40 

1-81 

Ash  . . 

. .  18-76 

20-02 

100-00 

100-00 

(1.)  Col,  Mus.  &  Lab.  17th  Ann .  Rep.,  p.  25,  1882. 
(2.)  Col.  Lab.  29th  Ann.  Rep.,  p.  9,  1895. 


*  A.  McKay,  On  the  Earthquakes  of  September,  1888,  in  the  Amuri  and  Marlborough 
Districts  of  the  South  Island,  Rep.  Geol.  Explor.  during  1838-89,  No.  20,  p.  2,  1890. 
f  J.  D.  Dana,  System  of  Mineralogy,  p.  684,  1904. 
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THE  NEW  ZEALAND  INSTITUTE  SCIENCE  CONGRESS. 

Palmerston  North,  January,  1921. 

The  second  Science  Congress  of  the  New  Zealand  Institute  was  held  at 
Palmerston  North  from  the  25th  to  the  29th  January.  The  attendance 
was  smaller  than  that  of  the  former  Congress,  but  the  standard  of 
papers  and  discussions  was  equally  high,  and  the  general  expression  of 
opinion  of  the  members  participating  was  that  the  Congress  was  a  great 
success. 

A  very  attractive  booklet  for  the  meeting  was  issued  by  the  Borough 
Council,  in  the  form  of  an  illustrated  Municipal  Year-book,  with  a  full 
statement  of  the  situation,  population,  early  history,  waterworks,  public 
reserves,  and  municipal  enterprises  of  the  borough,  and  an  appendix  giving 
the  programme  of  the  Science  Congress,  including  articles  on  the  plants 
of  the  Manawatu,  by  Dr.  L.  Cockayne  ;  the  geology  of  the  Palmerston 
district,  by  Dr.  P.  Marshall ;  notes  on  the  Manawatu  swamps  and  district, 
by  Mr.  R.  Edwards  ;  and  notes  on  the  botany  of  the  Esplanade,  by  Mr.  R. 
Black.  This  booklet  will  always  form  a  useful  handbook  for  visitors  to 
Palmerston  North. 

The  programme  of  the  Congress  was  similar  in  general  outlines  to  that 
of  the  Christchurch  meeting  of  1919.  The  sectional  and  general  meetings 
were  held  in  the  Boys’  High  School  buildings,  the  public  addresses  in  the 
Municipal  Hall.  The  afternoons  were  devoted  to  excursions  to  the  water¬ 
works  at  Tiritea,  the  “  Grlaxo  ”  factory  at  Bunnythorpe,  and  to  a  garden 
party  at  the  Esplanade.  On  Saturday  a  full-day  excursion  was  made,  first 
to  the  Miranui  flax-swamp  and  Messrs,  A.  and  L.  Seifert’s  flax-mills,  and 
later  to  the  Mangahao  hydro-electric  works.  The  evenings  were  occupied 
by  the  opening  meeting,  two  public  lectures,  and  a  conversazione. 


Officers  of  the  Congress. 

President  of  the  New  Zealand  Institute. 

Professor  T.  H.  Easterfield,  M.A.,  Ph.D.,  F.N.Z  Inst.,  Oawthron  Institute,  Nelson. 


Hon.  General  Secretary. 

Mr.  C.  T.  Salmon,  P.O.  Box  293,  Palmerston  North. 


Local  Executive  Committee. 

Chairman,  Mr.  M.  A.  Eliott ;  Vice  -Chairman,  Mr.  J.  Murray  ;  Hon.  Treasurer,  Mr.  J.  R. 
Hardie  :  and  the  Mayor  (Mr.  J.  A.  Nash,  M.P.),  Dr.  H.  D.  Bett,  Messrs  W.  E.  Dur- 
warcl,  E.  H.  Crabb,  A.  Whitaker,  H.  Seifert,  J.  B.  Gerrand,  W.  Park,  C.  N.  Clausen, 
E.  Larcomb,  C.  A.  Hertzell,  R.  Edwards,  R.  F.  G.  Grace,  A.  J.  Colquhoun, 
J.  J.  Stevenson. 

General  Executive  Committee. 

Professors  T.  H.  Easterfield  and  C.  Chilton,  Drs.  L.  Cockayne  and  J.  Allan  Thomson, 
Hon.  G.  M.  Thomson,  and  Mr.  M.  A.  Eliott,  representing  the  Board  of  Governors  ; 
Sir  James  Wilson,  Professor  J.  Park,  Messrs.  E.  Miller,  and  L.  Birks,  as  Chairmen 
of  sections ;  and  Dr.  D.  H.  Bett  and  Messrs.  J.  Murray  and  C.  T.  Salmon,  representing 
the  local  executive.  Hon.  Secretary,  Dr.  J.  Allan  Thomson. 
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Officers  of  the  Sections. 

Agriculture . — President,  Sir  James  Wilson,  Bulls;  Secretary,  Mr.  J.  J.  Stevenson, 
44  Grey  Street,  Palmerston  North. 

Biology. — President,  I)r.  C.  Chilton,  M.A.,  F. N.Z. Inst.,  F.L.S..  Biological  Laboratory, 
Canterbury  College,  Christchurch ;  Secretary,  Mr.  W.  R.  B.  Oliver,  Dominion 
Museum,  Wellington. 

General  Section. — President,  Mr.  E.  V.  Miller,  71  Upland  Road,  Remuera,  Auckland  ; 

Secretary,  Mr.  E.  K.  Lomas,  Training  College,  Wellington. 

Physics ,  Chemistry,  and  Eng ineering.—  President,  Mr.  Laurence  Birks,  B.Se.,  M.Inst.C.E., 
M.I.E.E.,  M.I.M.E.,  Public  Works  Department,  Wellington ;  Secretary,  Mr.  J.  A. 
Colquhoun,  M.Sc.,  18  Bryant  Street,  Palmerston  North. 

Geology. — President,  Professor  J.  Park,  F.G.S.,  University  of  Otago ;  Secretary, 
Dr.  J.  Allan  Thomson.  M.A.,  F.G.S.,  F.N.Z.Inst.,  Dominion  Museum,  Wellington. 


Opening  Meeting. 

The  opening  meeting  of  the  Congress  was  held  in  the  Town  Hall  on 
Tuesday  night,  25th  January,  and  was  well  attended  not  only  by  members 
of  the  Congress,  but  also  by  residents.  Mr.  J.  A.  Nash,  M.P.,  Mayor  of 
Palmerston  North,  welcomed  the  visitors  in  the  name  of  the  Borough 
Council,  and  outlined  the  progressive  policy  they  had  pursued  in  regard 
to  municipal  enterprises,  and  especially  in  the  matter  of  reserves.  He 
hoped  that  when  the  next  Congress  was  held  there,  which  he  trusted  would 
be  only  a  few  years  hence,  further  great  improvements  now  in  train  would 
be  visible. 

The  Hon.  G.  J.  Anderson  (Minister  of  Internal  Affairs),  in  declaring 
the  Congress  open,  stated  that  during  the  last  year  he  had  given  a  good 
deal  of  attention  to  three  matters  dear  to  the  heart  of  the  Institute.  He 
mentioned  as  desirable  the  acceptance  of  the  gift  of  telescopes  offered  by 
the  Yale  University.  Inquiries  had  shown,  however,  that,  instead  of  cost¬ 
ing  only  £7,000  for  installation,  the  preliminary  cost  would  be  £16,000, 
and  in  the  present  serious  condition  of  the  world’s  money-market  and  the 
country’s  finances,  desirable  as  it  was,  he  could  not  recommend  so  large 
an  expenditure  to  Cabinet.  Otago,  with  its  proverbial  patriotism,  had 
offered  to  raise  by  subscription  the  sum  of  £7,000,  and  he  regretted  to 
damp  their  enthusiasm  by  telling  them  how  much  more  would  be  necessary. 
As  very  desirable  the  Minister  characterized  the  proposal  to  found  in  the 
volcanic  district  a  vulcanological  observatory.  Dr.  Jaggar,  of  the  Hawaiian 
Volcano  Observatory,  had  presented  him  with  a  very  able  report  on  the 
subject,  and  had  convinced  him  that  such  an  observatory  in  New  Zealand, 
by  issuing  warnings  of  eruptions,  might  be  the  means  of  saving  life.  No 
sum  of  money  was  too  great  to  expend  in  saving  valuable  lives,  and  as  the 
sum  needed  for  an  observatory  was  modest  he  intended  to  ask  Cabinet 
for  it.  The  Minister  said  he  had  intended  to  do  something  last  session  in 
the  matter  of  encouraging  scientific  and  industrial  research,  and  his  colleague 
the  Hon.  Mr.  Parr  and  himself  were  made  a  committee  by  Cabinet  to  deal 
with  the  matter.  He  referred  to  the  complexity  of  the  scheme  prepared  by 
the  New  Zealand  Institute  and  National  Efficiency  Board,  and  to  the  large 
amount,  £20,000  for  a  period  of  five  years,  which  that  scheme  demanded. 
He  had  not  yet  made  up  his  mind  just  what  form  the  Government  assistance 
would  take,  but  emphasized  the  need  for  all  the  scientific  bodies  co-operating 
fully  with  one  another  and  preventing  all  overlapping  of  effort  and 
expenditure. 

The  President  of  the  New  Zealand  Institute,  Professor  T.  H.  Easterfield, 
then  delivered  his  presidential  address.  He  referred  to  the  loss  by  death 
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of  two  members  whom  all  had  looked  forward  to  seeing  at  this  Congress — 
Mr.  K.  Wilson  and  Sir  David  Hutchins.  At  his  invitation  the  meeting 
stood  in  silence  in  their  memory.  After  a  philosophical  discussion  of 
research,  and  the  reasons  why  man  had,  since  the  Palaeolithic  age,  indulged 
in  it,  and  insistence  on  the  close,  inseparable  relations  between  pure  and 
applied  science,  he  went  on  to  emphasize  its  national  importance,  com¬ 
paring  the  expenditure  on  it  to  that  for  fire  insurance.  He  trusted  that 
when  any  scheme  for  its  encouragement  was  formulated  by  the  Govern¬ 
ment  it  would  include  four  provisions.  The  first  was  that  the  Government 
Departments  shall  be  strengthened  by  the  appointment  of  men  who  would 
devote  all  their  time  to  research,  and  not  be  called  off  from  time  to  time 
for  routine  work  until  their  enthusiasm  had  had  time  to  evaporate.  The 
second  was  that  the  University  professors  of  science  in  all  the  colleges  should 
be  given  such  assistance  as  would  enable  them  to  devote,  not  their  leisure 
or  their  vacations,  but  the  major  part  of  their  time  to  research  and  super¬ 
vising  the  research  of  their  students.  The  third  was  that  the  fullest  use  of 
existing  institutions,  such  as  the  Cawthron  Institute,  should  be  made,  and 
that  freest  co-operation  should  exist  between  them  all.  The  fourth  was  that 
what  might  be  called  amateur  research — the  sort  encouraged  by  the  present 
series  of  grants  given  out  under  the  recommendation  of  the  New  Zealand 
Institute — should  be  retained. 

Public  Lectures. 

Public  lectures  were  given  on  Wednesday  and  Thursday  evenings  in  the 
Town  Hall,  and  were  well  attended  by  the  citizens  and  visitors.  On 
Wednesday  Dr.  Tillyard  gave  an  illustrated  address  on  44  Modern  Methods 
of  Scientific  Control  of  Insect  Pests.”  American  practice,  he  said,  was 
far  above  British  in  these  matters,  and  he  must  “take  off  his  hat”  to  the 
Americans.  Time  permitted  of  a  selection  only  of  cases  illustrating  the 
general  principles  involved.  The  first  was  quarantine  and  fumigation  at  the 
ports  of  entry.  In  Honolulu  the  sugar-planters  had  thought  it  worth  while 
to  supplement  the  salary  of  the  Government  officers  in  order  to  secure 
fully  qualified  men,  and  the  museum  of  the  pests  that  had  been  detected 
and  kept  out  was  a  most  educative  one.  Various  mechanical  devices  for 
catching  or  trapping  insects  were  described,  and  spraying  was  also  illus¬ 
trated  by  a  picture  which  looked  like  a  fire  brigade  at  work,  throwing 
spray  over  a  high  forest-tree.  It  was  found  that  the  important  thing  in 
spraying  was  the  pressure,  and  large  quantities  of  weak  solutions  of  the 
sprays  were  used.  Injections  of  chemicals  into  the  sap  of  trees  was  at 
one  time  believed  to  be  of  little  use,  but  recently  the  Italian  Government 
had  had  great  success  by  this  method,  though  it  was  being  kept  a  close 
secret  at  present.  The  most  successful  methods  of  control  were  biological. 
These  were  of  two  kinds — the  selection  of  strains  immune  from  disease, 
often  the  only  possible  and  sometimes  a  very  successful  method  of  meeting 
the  ravages,  and  control  of  insects  by  their  own  insect  enemies.  Predatory 
insects  often  served  to  keep  pests  under  control,  and  many  such  could 
be  advantageously  introduced  into  New  Zealand.  44  Big  fleas  have  little 
fleas  upon  their  backs,”  and  very  many  insects  could  be  controlled  by  their 
own  parasites.  In  introducing  useful  insects  to  a  country  it  was  all- 
important  to  see  that  their  own  parasites  were  not  introduced  at  the  same 
time.  The  lecturer  concluded  with  an  account  of  his  own  work  in  bringing 
to  New  Zealand  an  enemy  of  the  woolly  aphis. 

On  Thursday  Mr.  J.  H.  Edmundson,  of  Napier,  gave  a  lecture  on 
44  Liquid  Air  ”  It  was  illustrated  by  lantern-slides  of  famous  investigators 
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in  the  science  of  liquefaction,  and  by  diagrams.  Following  upon  the 
explanations,  the  lecturer  carried  out  some  very  remarkable  and  spectacular 
experiments  showing  the  results  of  extremely  low  temperatures.  These 
included  the  liquefaction  on  the  stage  of  atmospheric  air  and  pure  oxygen. 

Discussion  on  the  Flax  Industry. 

The  problems  of  the  New  Zealand  flax  industry  were  discussed  at  a 
general  session  of  the  Congress  on  the  morning  of  Thursday,  27th  January. 

The  subject  was  introduced  by  Mr.  A.  Seifert,  who  gave  an  account 
of  the  dimensions  of  the  industry,  and  mentioned  the  ravages  of  the  • 
yellow-leaf  disease,  which  had  caused  during  the  last  year  the  abandon¬ 
ment  of  5,000  acres  of  flax  swamp.  He  compared  the  return  per  acre  of 
land  under  flax  with  that  of  land  grazed  for  dairy -produce,  and  concluded 
that  the  growing  of  flax  was  a  much  more  profitable  method  of  utilizing 
the  land.  Compared  with  the  difficulties  confronting  other  types  of  fibre, 
New  Zealand  flax  was  in  a  favourable  position,  but  it  was  necessary  to 
obtain  immunity  from  the  yellow-leaf  disease.  His  firm  had  made  some 
experiments  with  fertilizers,  and,  though  it  was  too  early  to  give  definite 
results,  they  were  so  far  in  favour  of  the  use  of  fertilizers,  especially  super¬ 
phosphate. 

Dr.  J.  W.  Mcllraith  spoke  on  the  economics  of  the  flax  industry.  The 
price  of  flax  had  steadily  risen,  and  at  a  greater  rate  (136  per  cent,  in  the 
last  twenty  years)  than  other  agricultural  products  (104  per  cent,  during 
the  same  time).  In  the  “  nineties  ”  flax  formed  only  \  per  cent,  of  our 
exports  ;  now  it  formed  3  per  cent.  He  concluded  that  it  would  have  been 
profitable  to  grow  more  flax  in  the  past,  and  mentioned  the  existence  of 
large  swamp  areas  which  he  thought  should  be  utilized. 

Mr.  A.  H.  Cockayne  mentioned  the  improvement  of  the  Manawatu  swamps 
by  draining,  after  which  pure  stands  of  flax  automatically  sprang  up.  The 
district  now  possessed  23,000  out  of  the  50,000  acres  of  flax  in  New 
Zealand.  The  gross  returns  per  acre  were  greater  than  for  any  other  form 
of  agriculture  except  orcharding.  Diseases  were  now  the  limiting  factors 
of  production  ;  of  these  the  yellow-leaf  disease  was  the  most  serious, 
rendering  6,000  acres  unproductive.  He  exhibited  specimens  of  diseased 
plants,  showing  how  the  outer  leaves  of  the  fans  assume  a  yellow  colour  and 
ultimately  shrivel  up,  while  the  next  inner  leaves  are  attacked,  and  so  on. 
The  problem  his  department  had  to  solve  was  whether  the  disease  was 
caused  by  bacteria,  fungi,  insects,  or  other  pests.  They  had  isolated  six 
species  of  bacteria  infecting  the  roots,  none  of  which  had  developed  under 
experimental  conditions  any  pathogenic  symptoms.  A  nemotode  worm 
had  also  been  investigated — one  of  these  worms  is  the  cause  of  a  disease 
called  “  yellow  stripe  ”  in  the  similar  monocotyledon ous  daffodils — but  the 
numbers  found  were  not  sufficient  to  account  for  yellow-leaf  disease. 
Insects  also  failed  to  account  for  the  disease,  though  they  caused  trouble 
of  another  sort.  Finally  a  fungus  had  been  isolated,  Ramularia  ■ phormii , 
and  was  held  to  be  the  cause  of  the  disease.  The  delay  in  its  isolation 
was  the  difficulty  of  sterilizing  the  surface  of  the  roots,  owing  to  their  great 
porosity.  Field  experiments  showed  that  only  that  portion  of  the  root 
which  absorbs  water  could  be  infected  ;  this  was  not  the  primary  root, 
but  the  secondary  or  tertiary  branches.  Once  these  are  infected,  the 
fungus  spreads  and  reaches  the  primary  roots.  As  it  destroys  the  water¬ 
absorbing  roots,  the  fungus  prevents  the  absorption  of  water.  When 
the  swamps  get  very  dry  the  disease  spreads  very  rapidly.  Unless  the 
disease  can  be  eliminated  the  industry  is  doomed.  The  fungus  had  been 
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isolated,  developed  in  pure  cultures,  reintroduced  into  healthy  plants,  and 
had  produced  yellow-leaf  disease.  Three  methods  of  combating  soil- 
diseases  were  known  :  (1.)  Soil-treatment,  of  which  well-known  cases  were 
the  use  of  lime  for  club-root  in  cabbages,  and  sulphur  for  onion-smut. 
On  the  whole,  few  diseases  could  be  controlled  by  this  method.  (2.)  Crop- 
rotation,  a  method  used  successfully  with  a  large  number  of  diseases,  such 
as  “  take-all  ”  in  wheat.  All  such  cases  were  diseases  attacking  annuals, 
and  the  method  was  not  possible  with  flax,  which  was  a  perennial.  (3.)  The 
use  of  disease-resistant  strains.  Wonderful  success  had  been  secured  by  this 
method  in  a  great  variety  of  diseases,  including  some  caused  by  other 
species  of  Ramularia — e.g.,  Irish-flax  wilt,  tomato-wilt,  cotton-wilt,  &c. 
Healthy  plants  growing  in  diseased  areas  had  been  selected  for  breeding, 
and  the  diseases  had  been  combated.  The  control  of  yellow-leaf  disease 
must  be  found  along  this  line. 

Mr.  R.  Waters,  who  had  conducted  the  isolation  of  the  fungus  under  the 
direction  of  Mr.  Cockayne,  mentioned  the  difficulty  of  sterilizing  the  exterior 
of  so  porous  a  root.  In  the  end  slightly  infected  roots  were  selected,  a  jelly 
was  infected,  and  a  growth  obtained,  of  which  he  exhibited  specimens. 
The  results  of  infection  of  healthy  plants  was  at  first  negative  until 
seedlings  were  tried,  when  the  disease  quickly  appeared.  In  answer  to 
Professor  Easterfield,  who  asked  whether  disease-resisting  plants  showed 
any  root-infection,  Mr.  Waters  stated  that  no  work  on  disease-resistant 
strains  had  yet  been  done,  but  root-infection  was  absent  from  healthy 
plants. 

Dr.  L.  Cockayne  stated  that  flax  grew  under  almost  all  conditions — 
dry  areas,  wet  areas,  sweet  soils,  sour  soils,  rocky  slopes,  wet  clay,  dry 
clay,  &c.  No  one  could  say  yet  under  what  circumstances  we  get  the 
best  flax,  and  so  an  accurate  survey  of  the  plant  as  it  grew  in  nature  was 
needed.  The  question  to  be  settled  was  whether  flax  would  not  be  a 
profitable  crop  on  poor  lands.  In  his  opinion,  quite  possibly  the  sand- 
dune  areas  might  be  turned  into  flax-fields.  He  briefly  alluded  to  his 
previous  work  on  the  flax,*  and  stated  that  he  did  not  at  first  believe  it 
to  be  a  disease,  but  merely  an  effect  of  a  non-correct  system  of  swamp - 
management. 

Dr.  C.  Chilton  asked  whether  Koch’s  conditions  as  to  proof  of  patho¬ 
genicity  had  been  fulfilled,  whether  spores  of  the  fungus  had  been  obtained, 
and  whether  treatment  of  the  soils  might  not  also  help. 

In  reply,  Mr.  Waters  stated  that  all  of  Koch’s  conditions  had  not  yet 
been  fulfilled,  owing  to  the  short  time  since  the  discovery.  Spores  of  two 
kinds  had  been  obtained,  both  from  the  cultivated  fungus  and  from  diseased 
plants. 

Dr.  Tillyard  referred  briefly  to  the  insects  found  on  or  in  the  flax- 
plants,  and  mentioned  the  work  of  Mr.  Miller  on  the  Xanthorrhoe  grub. 
A  noctuid  grub,  a  species  of  Melanchra,  also  bit  out  the  sides  of  leaves, 
but  did  not  do  serious  damage.  Syrphid  grubs  were  found  in  the  rotting 
jelly  inside  the  leaves,  and  a  mealy  bug  at  the  leaf-bases.  Mr.  Miller 
was  ably  investigating  these  insects.  A  scale  insect,  Pseudococcus ,  had 
been  described  many  years  ago  from  New  Zealand  flax  by  the  late  Mr. 
Maskell,  but  his  type  specimen  was  in  very  bad  condition  and  practically 
indeterminable.  A  similar  scale  was  found  on  sugar  in  Honolulu,  and 
the  Americans  were  very  anxious  to  learn  all  they  could  about  all  the 
scales  on  New  Zealand  flax.  Specimens  shall  be  collected  and  sent  to 
America  for  determination.  It  had  been  shown  that  the  work  on 
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flax  demanded  expert  mycologists,  entomologists,  chemists,  agriculturists, 
horticulturists,  &c.,  and  this  was  only  possible  in  a  central  station.  He 
described  briefly  what  had  been  done  for  the  sugar  industry  in  Hawaii 
by  the  sugar-planters’  experimental  station,  and  advocated  the  formation 
of  a  similar  station  by  the  flax-planters. 

Dr.  J.  A.  Thomson,  in  supporting  Dr.  Tillyard’s  recommendations, 
expressed  disappointment  with  what  he  had  heard  so  far.  Mr.  Seifert  had 
stated  that  the  control  of  the  disease  was  not  the  fla.x-millers’  business. 
Knowing  Mr.  Seifert’s  activities  in  this  direction,  he  thought  that  it  would 
be  unfortunate  if  this  statement  were  allowed  to  stand.  Three  years  ago 
Dr.  Cockayne  had  suggested  the  selection  of  disease-resisting  strains,  but 
nothing  seemed  to  have  been  done,  and  he  had  not  heard  any  mention 
that  it  was  proposed  now  to  be  done  by  any  one  in  particular.  Was  it  to 
be  left  solely  to  the  Government  ? 

Mr.  Seifert,  in  explanation,  stated  that  he  had  meant  that  the  actual 
investigations  were  not  the  business  of  the  millers,  but  of  the  scientists. 
As  the  industry  was  likely  to  expand  greatly  by  the  planting  of  flax  on  a 
large  scale,  it  was  not  fair  to  saddle  the  present  small  areas  with  the  whole 
cost.  The  question  to  be  decided  was  how  much  the  present  areas  should 
stand,  and  how  much  the  Government,  representing  the  whole  people, 
should  contribute. 

Professor  East erfi eld  then  dealt  with  the  chemical  aspects  of  the 
industry,  and  traced  the  history  of  the  leaf  from  the  swamp  to  the  finished 
fibre,  showing  the  amount  of  loss  of  weight  at  each  stage.  He  stated  that 
in  reality  the  machinery  was  much  more  efficient  than  was  generally 
supposed.  It  was  foolish  to  think  of  turning  stripper- waste  into  paper, 
and  this  fact  must  have  been  known  to  those  who  made  paper  from 
flax  as  far  back  as  1830.  A  number  of  other  possible  uses  of  flax- waste 
were  mentioned,  and  a  scheme  outlined  for  the  extraction  of  alcohol, 
the  manufacture  of  fertilizer,  and  the  provision  of  boiler-fuel  from  this 
material,  of  which  one  mill  in  the  Manawatu  provides  over  30  tons 
daily. 

Mr.  Bell  deprecated  comparison  of  the  flax  industry  with  the  sugar 
industry  in  the  Hawaiian  Islands,  on  the  ground  that  in  the  latter  place 
the  land  was  only  fit  for  growing  sugar,  whereas  in  New  Zealand  the 
flax  swamps  could  be  easily  converted  into  dairying-land.  Consequently, 
if  it  was  desired  to  retain  the  flax  exports,  it  was  a  matter  not  for  the 
millers  but  for  the  Government,  and  not  for  a  flax- millers’  experimental 
station. 

Dr.  Tillyard,  in  reply,  pointed  out  that  quite  a  considerable  area  of 
good  land  in  the  Hawaiian  Islands  was  being  put  under  pineapples  instead 
of  sugar,  and  this  was  an  exact  parallel  to  the  position  here,  where  it  was 
suggested  that  dairying  should  replace  flax-growing. 

After  some  further  discussion,  in  which  flax-millers  and  representatives 
of  the  Department  of  Agriculture  took  part,  it  was  resolved,  on  the  motion 
of  Dr.  Tillyard,  That  a  committee  of  flax -millers  and  members  of  the 
Congress  be  set  up  to  go  into  the  matter  of  forming  a  biological  station 
to  have  the  yellow-leaf  disease  investigated  from  all  sides.  The  following 
were  appointed  members  of  the  committee  :  Messrs.  Ross,  Seifert,  and 
Bell,  representing  the  flax-millers ;  and  Professor  Easterfield,  Dr.  Tillyard, 
Messrs.  A.  Cockayne,  and  R.  Waters,  representing  the  Congress. 

At  a  general  session  of  the  Congress  held  next  morning  the  committee 
submitted  the  following  report,  which  was  adopted  by  the  Congress.  The 
committee  were  asked  to  continue  their  deliberations,  reporting  as  occasion 
demanded  to  the  Standing  Committee  of  the  Institute. 
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Report  of  Committee. 

1.  The  first  essential  of  the  flax  problem  is  to  find  out  whether  or  not 
races  of  Phormium  exist  which  are  resistant  or  immune  to  yellow-leaf 
disease. 

2.  For  the  carrying-out  of  this  research  it  is  recommended  that  a  small 
flax  experiment  station  should  be  built,  and  placed  in  charge  of  a  skilled 
plant-propagator,  with  one  or  more  assistants. 

3.  The  minimum  salary  to  be  offered  for  the  position  of  chief  investi¬ 
gator  should  be  £500  per  annum,  with  guarantee  of  employment  for  five 
years. 

4.  A  levy  of  2s.  per  ton  on  flax  should  be  collected  through  the  Grading 
Department,  and  devoted  to  payment  of  salaries,  cost  of  building,  equip¬ 
ment,  and  upkeep  of  the  experiment  station. 

5.  The  experiment  station  should  be  under  the  direction  of  a  committee 
of  the  Flax-millers’  Association. 


Papers  read  at  the  Sections. 

AGRICULTURAL  SECTION. 

Presidential  Address  :  Science  and  Agriculture,  by  Sir  James  G.  Wilson. 

Abstract. 

After  insisting  on  the  dependence  of  New  Zealand  on  the  agriculturist  and 
pastoralist,  Sir  James  Wilson  referred  to  the  general  deficiency  of  New  Zealand  soils, 
after  a  few  preliminary  crops,  in  phosphates,  especially  in  the  North  Island.  They 
are  equally  necessary  in  dairying.  The  relative  merits  of  the  different  forms  of  applica¬ 
tion  were  briefly  discussed.  Fortunately  there  is  apparently  sufficient  nitrogen  in 
most  New  Zealand  soils,  and  the  deficiency  that  may  arise  in  time  can  be  met  by 
fixation  of  atmospheric  nitrogen  in  New  Zealand.  Meanwhile  the  natural  method  of 
fixation  by  the  growing  of  leguminous  plants  should  not  be  neglected.  Potash  is  avail¬ 
able  in  New  Zealand  in  only  small  quantities,  but  kainit  can  now  be  imported  from 
our  ally  France.  Lime  exists  in  quantity,  and  in  general  it  will  pay  to  lime  our  soils 
where  the  cost  is  reasonable,  but  the  question  of  liming  is  one  which  requires  very 
careful  study  and  experiment  by  experts. 

The  humidity  of  the  New  Zealand  climate  combined  with  the  high  temperature 
gives  great  assistance  to  fungoid  pests,  and  the  absence  of  hard  frosts  in  many  districts 
leaves  our  insect  pests  almost  without  an  enemy.  We  have  now  got  to  rely  on  the 
plant- breeder  to  find  us  resistant  varieties  to  help  us  to  cope  with,  our  troubles. 
Judicious  stocking  with  sheep  and  cattle  will  help  to  keep  the  weeds  in  our  pastures 
down.  Where  the  weeds  have  got  such  a  hold  that  it  would  be  ruinous  to  try  and 
eradicate  them,  they  will  tend  to  dwindle  and  gradually  come  under  control  by  the 
exhaustion  in  the  soil  of  the  particular  ingredients  they  need,  while  some  will  be 
attacked  by  natural  enemies. 

.Some  Important  Insect  Problems  of  1920,  by  D.  Miller. 

Abstract. 

Although  beneficial  insects  have  occasionally  done  good  work,  they  should  be 
looked  upon  merely  as  auxiliaries  in  the  reduction  of  destructive  insects.  The  insect 
pests  of  New  Zealand  are  mostly  of  European  origin ;  very  few  natives  species  have 
become  destructive.  The  address  was  illustrated  by  numerous  lantern-slides  showing 
the  life-history  of  the  injurious  species  upon  which  the  author  was  at  present  working. 
Among  these  is  the  pear-midge,  which  is  causing  so  much  damage  in  the  pear-orchards 
•of  the  Auckland  district ;  the  gall-making  insect  destroying  the  blue-gums  around 
Palmerston  North  and  in  many  other  parts  of  the  country  ;  and  the  common  wood- 
borer,  upon  which  he  had  located  a  natural  insect  enemy.  Other  important  insects 
referred  to  were  the  cattle-tick,  the  grass-grub  (the  life-history  of  which  he  had  recently 
worked  out),  and  the  flax-grub. 

Discussion  on  Fire-blight. 

A  lecture  on  fire-blight  was  given  to  the  Agriculture  and  Biology  Sections 
jointly  by  Messrs.  A.  H.  Cockayne  and  R.  Waters,  and  the  subject  was  further 
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discussed  by  Drs.  Tillyard  and  L.  Cockayne  and  Mr.  J.  B.  Garnett.  A  com¬ 
mittee  consisting  of  Sir  James  Wilson,  Mr.  Campbell,  and  Dr.  Tillyard  was 
appointed  to  consider  steps  to  be  taken  to  assist  in  combating  the  ravages 
of  this  pest. 

Some  Fodder  Crops  of  England  and  New  Zealand,  by  J.  B.  Garnett. 

Abstract. 

It  has  been  dciinitely  shown  in  the  past  that  although  forage  crops  are  not  able 
to  compete  with  grass  for  cheapness  of  production  in  New  Zealand,  yet  they  fill  a  very 
necessary  part  in  the  economy  of  both  dairying  and  sheep-farming,  in  so  far  as  they  are 
able  to  supply  a  succession  of  green  food  at  times  of  the  year  when  the  pastures  are 
bare.  The  man  who  has  no  supplementary  feed  ready  at  these  times  loses  a  great 
deal  of  milk  immediately,  and  also  later,  because  his  cows,  once  having  dropped  in 
yield,  do  not  pick  up  again  readily  when  the  next  growth  of  grass  occurs.  Various 
fodder  mixtures  were  given  which  have  proved  useful  for  these  purposes  in  England, 
and  would  probably,  with  slight  modifications,  prove  equally  good  in  New  Zealand  r 
(1.)  Oats  2  bushels,  peas  1  bushel  per  acre.  (2.)  Giant  ryecorn  2  bushels,  winter  vetches 
1  bushel  per  acre.  The  second  mixture  sown  in  autumn  will  grow  right  through  the 
winter  and  come  in  early  in  the  spring,  before  the  grass  starts.  (3.)  Field  peas  1  bushek 
buckwheat  1  bushel,  rape  |  lb.  per  acre.  This  mixture  sown  in  spring  will  produce 
a  big  bulk  of  succulent  fodder  in  the  late  summer,  when  the  pastures  are  dry  and  burnt 
up.  It  wrould  be  much  freer  from  “  blight  ”  than  rape  sown  alone.  Various  other 

fodder  plants  and  the  best  varieties  were  dealt  with,  and  finally  the  importance  of  the 

fuller  study  of  the  economics  of  the  question  was  emphasized. 

The  Economic  Significance  of  Powdery  Scab  in  Potatoes,  by  B.  Waters. 

Science  and  its  Relation  to  Field  Instruction  to  Farmers,  by  T.  H. 

Patterson. 

The  Importance  of  Soil  Survey,  by  T.  Rjgg. 

What  constitutes  a  Fertile  Soil,  by  G.  de  S.  Baylis. 

Factors  in  the  Establishment  of  Lucerne,  by  A.  H.  Cockayne. 

“  Take-all  ”  in  Wheat,  by  R.  Waters. 

Some  Important  Successions  in  Permanent  Grassland  in  New  Zealand, 

by  E.  Bruce  Levy. 


BIOLOGY  SECTION. 

Presidential  Address  :  New  Zealand  and  the  Biological  Problems  of  the 
Pacific,  by  Professor  C.  Chilton. 

Abstract. 

A  summary  was  first  given  of  the  various  theories  suggested  by  Hutton,  Hedley,. 
and  others  to  account  for  the  relationship  of  New  Zealand  with  South  America  on  the 
one  hand,  and  with  New  Caledonia,  New  Guinea,  &c.,  on  the  other.  The  similarity  in 
several  respects  between  the  animals  and  plants  of  the  Hawaiian  Islands  and  New 
Zealand  was  pointed  out,  and  it  was  suggested  that  a  careful  consideration  of  the  two 
would  not  only  throw  light  on  the  origin  of  the  New  Zealand  fauna  and  flora,  but  would 
also  give  useful  information  on  the  methods  of  evolution  which  had  taken  place  in  these 
two  groups  of  islands. 

The  address  was  followed  by  a  short  discussion,  in  which  Drs.  L. 
Cockayne  and  P.  Marshall  and  Mr.  W.  R.  B.  Oliver  took  part. 

Some  Notes  on  the  Habits  and  Uses  of  the  Toheroa,  by  Miss  M.  K.. 

Mestayer. 
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Notes  on  the  Natural  Camouflage  of  some  Marine  Mollusca,  by  Miss 
M.  K.  Mestayer. 

Abstract. 

These  notes  on  natural  camouflage  deal  with  some  of  the  ways  in  which  our  marine 
molluscs  protect  themselves  from  their  enemies.  This  end  is  achieved  in  two  ways  :  either 
by  the  animal’s  own  effort,  or  by  the  shell  becoming  encrusted  with  the  surrounding 
animal  and  vegetable  life.  Some  measure  of  protection  is  also  obtained  by  those  molluscs 
living  above  half-tide,  through  the  action  of  sun,  wind,  and  rain  weathering  their  shells 
till  they  closely  resemble  the  rocks  they  live  on.  The  best  example  of  deliberate  camou¬ 
flage  among  New  Zealand  molluscs  is  to  be  found  in  the  Hauraki  Gulf,  at  about  30  fathoms. 
It  is  known  as  the  “  carrier  ”  shell,  from  its  habit  of  cementing  other  shells  or  bits  of 
stone  to  its  own,  till  it  looks  like  a  heap  of  old  shells.  The  commonest  forms  of  this 
natural  camouflage  are  those  which  depend  on  the  surroundings  of  the  shells  concerned  ; 
some  being  covered  with  coralline  and  other  seaweeds,  others  often  having  their  shells 
more  or  less  hidden  by  small  barnacles  or  other  animal  life. 

Plant-propagation,  by  P.  Black. 

On  Growth-periods  in  New  Zealand  Plants,  especially  Fagus  fusca  and 
the  Totara,  by  Professor  H.  B.  Kirk. 

Abstract. 

The  paper  dealt  with  the  varying  rate  of  growth  at  different  periods  of  age,  pointing 
out  that  the  totara,  for  example,  passes  through  a  slow  youth,  extending  for  about  100 
years.  During  this  time  it  makes,  roughly,  a  diameter-growth  of  about  3|-  in.  in  each 
25  years,  and  at  100  years  it  has  a  diameter  of  about  14  in.  Then  it  enters  upon 
a  period  of  vigorous  growth,  and  until  it  is  225  years  old  it  makes  rapid  growth. 
A  very  remarkable  increase  is  made  at  about  300  years  ;  then  the  increase  for  25  years, 
when  the  tree  is  growing  most  vigorously,  is  about  equal  to  the  whole  growth  of  the 
first  100  years.  After  this  maximum  rate  the  growth  gradually  slows  off,  until  in  what 
may  be  called  the  period  of  senescence  it  becomes  less  than  that  of  the  youth  period. 
The  obvious  bearing  of  this  is  that  trees  of  100  years  or  so  of  age — that  is,  with  a 
diameter  of  12  in.  or  so — are  about  to  enter  upon  a  rapid  growth-period  that  will  make 
them  among  the  most  valuable  that  the  earth  supports. 

With  regard  to  Fagus  fusca,  the  black-beech  (“black-birch”  of  settlers  in  the 
South),  a  period  of  maximum  growth  is  found  at  about  75  years.  But  the  growth  even  at 
this  period  is  only  about  one-third  of  that  made  by  the  totara  in  its  full  prime.  In 
the  beech  forest  at  Paradise,  on  Lake  Wakatipu,  it  was  found  that  the  early  growth 
of  forest  saplings  was  very  much  slower  than  that  of  the  original  forest-trees.  On 
the  other  hand,  closely  crowded  saplings  grown  in  a  road-clearing  showed  a  youth 
growth  more  rapid  than  that  of  the  original  forest-trees.  In  competition  with  plants 
of  their  own  age  they  have  grown  more  rapidly  by  far  than  they  could  have  done  in 
the  forest,  when  the  fallen  trees  would  have  taken  from  the  light  that  is  essential. 

Littoral  Plant  and  Animal  Communities,  by  W.  B.  B.  Oliver. 

A  Remarkable  New  Mosquito,  by  D.  Miller. 


The  Popular  Names  of  New  Zealand  Plants,  by  J.  C.  Andersen. 

Abstract. 

The  author  has  compiled  lists  of  names  used  by  various  writers  from  the  time  of 
Captain  Cook  onwards,  showing  the  common  names  given  to  various  plants,  and  showing 
when  the  names  were  first  applied,  and  how  long  and  how  consistently  they  have  been 
used.  The  cabbage-tree  ( Cordyline  australis),  for  example,  has  nearly  twenty  different 
names,  and  many  trees  have  a  dozen  or  more.  The  tree  known  as  N othofagus  Solanderi 
has  been  called  “  black,”  “  white,”  “  red,”  and  “  black-heart”  birch  in  various  districts, 
whilst  at  the  same  time  the  names  “  black-birch,”  “  white-birch,”  &c.,  have  been  given 
to  many  other  trees  as  well,  “  black-birch  ”  being  applied  to  no  fewer  than  five.  The 
object  of  the  paper  was  to  make  a  list  available  so  that  scientists  and  others  might  adopt 
the  same  common  name  and  avoid  the -confusion  that  had  taken  place  in  the  past. 


Ecological  Problems  relative  to  Salmonidae,  by  W.  J.  Phillipis. 

The  Order  Hemiptera  in  New  Zealand,  with  Special  Reference  to  its 
Biological  and  Economic  Aspects,  by  J.  G.  Myers. 
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Notes  on  the  Vegetation  of  the  Mid-Clarence  Valley,  by  B.  C.  Aston. 

Abstract. 

The  author  stated  that  he  had  made  five  visits  to  this  district  since  the  first  in 
April,  1915,  when  a  journey  through  the  remarkable  Ure  Canon,  or  lire  Gorge,  as  it  is 
called,  was  made,  and  the  ascent  to  the  summit  of  Tapuaenuku  (9,450  ft.)  from  the 
Dee  River  was  accomplished.  The  main  features  of  the  work  accomplished  were  the 
botanical  examination  of  the  Medway,  Ure,  Kekerangu,  Nidd,  Mead,  and  Dee  River 
basins,  including  the  hills  surrounding  them  (the  last  three  being  tributaries  of  the 
Mid-Clarence),  and  the  limestone  foothills  and  eastern  slopes  of  Mount  Tapuaenuku. 

The  results  included  the  discovery  of  a  remarkable  potymorphie  new  species  of 
gentian  which  exhibited  different  habits  of  growth  according  to  the  habitat.  This 
semi-arid  district  was  well  supplied  with  moist,  dark  stations  in  close  proximity  to 
very  dry,  strongly  isolated  stations.  The  same  species  might  grow  on  a  dark,  dripping 
river-cliff,  a  shingle-bed  exposed  to  a  large  measure  of  sunlight,  a  dry  shady  hillside, 
or  a  rock-crevice.  A  Carmichaelia,  which  was  probably  C.  Monroi,  exhibited  such  a 
variety  of  forms  under  these  conditions  that  a  botanist  might  class  them  as  distinct 
species  if  he  did  not  know  the  conditions  under  which  the  specimens  were  growing. 
The  rediscovery  was  made  of  W  nlilenbergia  Matthewsii,  the  finest  of  the  New  Zealand 
species  of  that  genus,  originally  discovered  by  H.  J.  Matthews,  and  found  to  be  common 
in  the  Ure  Valiev  as  a  rock-plant.  Flowering  specimens  of  Olearia  coriacea  were  found  in 
the  Mead  Stream,  a  Haaslia  growing  at  8,500  ft.  elevation,  and  H  elicit  y sum  Pur  diet,  which, 
as  Dr.  Cockayne  had  pointed  out,  was  probably  a  hybrid  between  H.  bellidioides 
and  H.  glomeratum,  since  H.  Purdiei  was  always  found  in  association  with  its  reputed 
parents.  The  speaker  also  described  the  rock  associations  met  with.  A  Notosparlium 
was  found  to  be  abundant  in  the  Inland  Kaikouras,  and  it  was  this  plant  which 
Mr.  Petrie  was  now  naming  N.  glabrescens  ;  it  attained  a  height  of  15  ft.  to  30  ft. 

Inheritance  in  Self-fertilized  Plants,  by  Dr.  F.  W.  Hilgendorf. 
Wellington  Island  Soils  and  Florulas,  by  B.  C.  Aston. 


GEOLOGY  SECTION. 

Presidential  Address  :  The  Birth  and  Development  of  New  Zealand  as 
a  Geographical  Unit,  by  Professor  J.  Park. 

Abstract. 

Considered  as  a  geographical  unit.  New  Zealand,  though  composed  of  rocks  of 
great  antiquity,  is,  geologically  speaking,  young.  Its  framework  is  composed  of  a  pile 
of  Palaeozoic  and  Mesozoic  rocks,  but  it  was  not  till  the  Cretaceous  epoch  that  these 
rocks  were  built  up  into  the  mountain-chains  and  other  land  forms  familiarly  known 
to  us  by  the  geographical  name  “New  Zealand.’''  The  Palaeozoic  sediments  were 
derived  from  the  denudation  of  a  land  area  that  formerly  occupied  the  greater  part 
of  the  Southern  Hemisphere.  This  ancient  land  certainly  existed  till  the  Mesozoic 
era,  and  eventually  became  submerged  at  the  close  of  the  Jurassic  period.  Though  no 
trace  of  this  lost  continent  now  remains,  the  sediments  derived  from  it  tell  us  that  it 
possessed  an  abundant  rainfall.  Deposition  was  not  continuous  ;  on  the  contrary,  a 
hiatus  took  place  during  the  Devonian  and  Carboniferous  epochs,  due  to  the  recession 
of  the  sea  from  the  shores  of  the  ancient  continent.  A  singular  fact  was  the  absence 
of  plant-life  in  the  Palaeozoic  rocks  of  the  New  Zealand  area.  At  the  close  of  the 
Jurassic  epoch  there  began  two  syntaxial  crustal  movements  that  folded  and  ridged 
the  older  rocks  and  built  up  the  framework  of  New  Zealand  as  we  now  know  it.  It 
was  then  that  the  real  history  of  New  Zealand  as  a  geographical  unit  began.  The  long 
series  of  uplifts,  submergences,  and  faults  that  gave  the  finishing-touches  to  the  islands 
were  briefly  described. 

The  Cretaceous  Rocks  of  the  Kaipara  District,  by  Dr.  P.  Marshall. 

Abstract. 

Up  to  the  present  time  very  few  fossils  have  been  found  in  rocks  of  Upper  Cretaceous 
age  in  New  Zealand.  The  author,  however,  gave  a  description  of  a  rich  series  of 
important  fossils  that  he  had  recently  found.  These  were  largely  ammonites,  and 
showed  a  great  similarity  to  fossils  of  similar  Cretaceous  age  in  South  India  and 
Antarctica.  This  recent  discovery  enforces  the  opinion  previously  held  that  New 
Zealand  was  joined  to  Antarctica  in  late  Cretaceous  times,  and  that  this  land  was  not 
distant  from  an  Indian  extension. 
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The  Geology  of  Western  Samoa,  by  Dr.  J.  Allan  Thomson. 

Abstract. 

With  the  exception  of  coral-sand  plains,  a  few  feet  above  sea-level  in  various  parts, 
and  a  cemented  beach  sand  around  the  beaches,  the  rocks  of  Western  Samoa  are  all 
of  volcanic  origin.  The  volcanoes  have  not  quite  ceased  their  activity.  The  known 
eruptions  are  Mauga  Afi,  about  a.d.  1760  ;  Manua  Group,  1866  ;  Mauga  Mu  of  Aopo, 
1902  ;  and  Matavanu,  1905  to  1913  .  The  remainder  of  Savaii  mostly  consists  of  young 
lavas  and  ash-cones,  the  latter  arranged  mainly  along  a  longitudinal  west-north-west 
to  east-south-east  fissure,  which  continues  across  the  Apolima  Strait,  through  the  islands 
of  Apolima  and  Manono  and  right  through  Upoln.  The  latter  island  is  much  more 
eroded  in  the  eastern  end,  and  the  volcanoes  have  been  much  longer  extinct. 

The  Structure  of  the  Mangahao  No.  1  Gorge  (Mangahao  Hydro-electric 
Scheme),  and  its  Bearing  on  the  Construction  of  the  Proposed  Dam, 

by  G.  L.  Adkin. 

The  Warped  Land-surface  of  the  South-eastern  Side  of  the  Port  Nicholson 
Depression,  by  Dr.  C.  A.  Cotton. 

The  Great  Barrier  Island,  by  J.  A.  Bartrum. 

The  Geology  of  the  Port  Waikato  District,  by  Rev.  Brother  Fergus 
(T.  M.  Gilbert). 

Abstract. 

South  of  the  Waikato  Heads  occurs  a  folded  older  mass  of  Mesozoic  age,  on  the 
broadty  truncated  erosion  surface  of  which  was  laid  down  a  younger  mass  of  Tertiary 
strata,  showing  unconformity,  or  at  least  discontinuity  of  deposition,  between  some 
series,  as  at  the  Kawa  Stream.  North  of  the  Waikato  River  is  an  area  of  younger 
Quaternary  sedimentary  strata  with  a  line  of  elevated  sand-dunes  fronting  the  coast. 
Along  lines  of  major  dislocation  coincident  with  the  northern  limit  of  the  Manukau 
Harbour  in  one  case,  and,  in  the  other,  with  the  line  of  the  lower  Waikato  River, 
considerable  differential  movements  resulted  in  the  uplift  of  the  areas  to  the  north  and 
south  relatively  to  the  middle,  or  Manukau,  area.  The  latest  considerable  movement 
of  the  southern  area  appears  to  have  been  an  uplift  to  the  approximate  height  of  180  ft., 
and  to  have  occurred  since  the  Waikato  River  began  to  discharge  itself  by  its  present 
outlet.  This  estimate  is  based  upon  the  data  furnished  by  the  pumice-bed  in  the 
section  exposed  south  of  Kawa  Stream.  Minor  oscillations  have  occurred  in  subrecent 
times,  especially  in  the  middle  area.  The  Manukau  sand-dune  range  originated  in  a 
spit  or  barrier  beach  which  created  a  broad  estuary  of  the  Waikato  River.  The 
Manukau  Harbour  owes  its  origin  to  streams,  during  minor  uplift,  cutting  into  silts 
deposited  in  the  former  Waikato  estuary,  whilst  subsequently  the  area  subsided 
slightly,  allowing  the  sea  to  penetrate  into  these  stream -courses.  The  ages  of  the 
Tertiary  strata  and  the  importance  of  the  physical  unconformity  and  strati  graphical 
discontinuity  in  the  Kawa  beds  cannot  be  decided  definitely  without  further  palaeonto¬ 
logical  evidence,  which,  it  is  hoped,  will  be  available  in  the  near  future. 

The  Tertiary  Geology  of  the  Awamoho  District,  by  G.  H.  Uttley. 

A  Ball  and  Pillow  Lava  from  Hawaii,  by  Dr.  J.  Allan  Thomson. 


PHYSICS,  CHEMISTRY,  AND  ENGINEERING  SECTION. 

Presidential  Address  :  Electric-power  Supply  in  New  Zealand,  by  L. 

Birrs. 

Abstract. 

Dealing  with  the  cost  of  electric-power  plants,  the  author  said  that  the  legisla¬ 
tion  under  which  electric  installations  may  be  established  in  New  Zealand,  based  on 
the  assumption  that  the  majority  of  the  plants  would  be  publicly  owned,  was  exceed¬ 
ingly  simple,  and  the  legal  procedure  cheap  compared  with  that  of  Great  Britain  and 
elsewhere.  With  regard  to  the  future,  the  Government  proposals  provided  for  one 
horse-power  for  each  five  head  of  population — say,  240,000  horse-power  for  the  whole 
Dominion.  The  normal  coal-consumption  for  the  Dominion  was  about  2,500,000  tons 
per  year,  and  the  possible  saving  in  coal -consumption,  averaging  both  city  and  country 


42 


The  N.Z.  Journal  of  Science  and  Technology. 


[Mar. 


users  at  about  10  to  12  tons  of  coal  per  horse- power-year,  was  thus  approximately  the 
total  amount  of  the  present  consumption  of  the  Dominion.  Of  course,  a  large  con¬ 
sumption  must  still  be  required  for  gas-generating,  bunkering,  and  main-line  railways  ; 
but,  on  the  other  hand,  the  electric  supply  would  be  largely  required  for  new  houses 
and  new  industries,  and  would  also  be  largely  used  to  replace  candles,  kerosene,  petrol, 
and  mainly  firewood,  as  well  as  coal,  leaving  a  fairly  large  demand  for  coal  even  when 
the  full  240,000  horse-power  is  available  from  hydro-electric  sources.  As  to  future 
developments,  the  total  recorded  hydro -electric -power  sources  of  1,000  horse-power  or 
over  in  the  Dominion  as  recorded  in  the  Year-book  of  1914  are  between  3,000,000  and 
4,000,000  horse-power,  apart  from  probably  another  1,000,000  horse-power  available 
in  small  units  below  1,000  horse-power.  As  to  the  demand,  the  provision  of  one  horse¬ 
power  per  five  head  of  population  was,  of  course,  only  a  stage  in  the  development, 
winch  would  ultimately  be  exceeded,  possibly  many  times  over. 

Some  New  Zealand  Mineral  Oils,  by  Professor  T.  H.  Easterfield  and 

N.  McLelland. 

Abstract. 

A  statement  was  given  of  the  districts  in  New  Zealand  in  which  mineral  oils  had  been 
found,  and  the  paper  also  alluded  to  the  attempts  to  supply  mineral  oil  by  the  distilla¬ 
tion  of  oil-shales  at  Orepuki,  Southland.  The  sulphur  content  of  the  southern  shales 
w^as  stated  to  be  a  very  serious  objection,  and  a  comparison  was  given  of  the  properties 
of  Taranaki  and  Kotuku  oil.  •  The  former  is  said  to  be  remarkable  in  the  high  content 
of  benzoles  and  cycloparaffins.  The  proportion  of  toluol,  used  in  the  manufacture  of 
T.N.T.  explosive  particularly,  was  higher  than  in  the  case  of  the  light  oil  from  coal- 
tar.  A  number  of  pure  chemical  compounds  taken  from  Taranaki  petroleums  w^ere 
exhibited. 

Professor  Easterfield  stated  that,  in  his  opinion,  the  boring  of  new  wells  in  Taranaki 
promised  at  present  greater  success  than  development  in  any  other  area,  but  urged 
that  as  a  matter  of  Imperial  interest  systematic  prospecting  by  bores  should  be  carried 
out  in  a  number  of  areas. 

The  Quantum  Theory,  by  Professor  P.  W.  Robertson. 

The  Horizontal  Pendulum,  by  Dr.  C.  E.  Adams. 

The  Wet  Process  of  recovering  Mercury  from  Cinnabar,  by  W.  Donovan. 

Discussion  on  Isotopes  in  New  Zealand  Minerals. 

At  a  joint  meeting  of  the  Physics  and  Geology  Sections  Professor  P.  W. 
Robertson  introduced  the  subject  by  explaining  the  recent  developments  in 
chemistry  which  had  shown  that  certain  elements  were  mixtures  of  isotopes, 
while  others  were  suspected  to  be  mixtures.  It  would  be  useful  to  place 
on  record  the  occurrences  of  New  Zealand  minerals  which  were  available 
as  sources  of  these  suspected  mixtures,  in  order  that  chemists  might  know 
where  to  turn  for  material.  The  subsequent  investigations  might  prove  to 
have  fundamental  geological  significance. 

After  some  discussion  it  was  resolved  to  set  up  a  committee  (see 
“  Resolutions,”  below). 

The  Transit  Micrometer,  by  Dr.  C.  E.  Adams. 

GENERAL  SECTION. 

Presidential  Address  :  Science  and  the  Principle  of  the  Relativity  of 

Motion,  by  E.  Miller. 

Abstract. 

The  aim  of  the  address  is  not  to  give  an  adequate  account  of  Einstein’s  theory  of 
relativity,  but  to  pick  out  therefrom  certain  features  which  should  serve  to  fit  the  subject 
on  to  familiar  scientific  conceptions,  and  thereby  render  the  most  important  results 
of  the  theory  intelligible,  perhaps  even  acceptable,  to  the  non -specialist.  The  meta¬ 
physical  notion  of  void  space  involves  the  relativity  of  all  positions,  directions,  and 
motions,  including  rest,  or  zero  motion.  But  the  scientific  conception  of  space  has 
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for  ages  past  been  more  or  less  inconsistent  with  this  view.  The  latter,  however,  has, 
during  the  progress  of  science,  vindicated  itself  with  regard  first  to  position  and  direction, 
then  in  regard  to  uniform  motions,  and,  within  the  past  few  years,  with  regard  to  all 
motions.  Each  such  vindication  has  constituted  a  sudden  and  remarkable  increase  of 
intellectual  power,  and  has  involved  a  notable  reconstruction  of  scientific  conceptions. 
The  conceptions  chiefly  affected  by  the  recent  intellectual  advance  are  those  of  space 
and  time,  natural  geometry,  gravitation,  and  the  other  natural  forces.  Besides  these,, 
a  new  dominating  conception  has  been  introduced  which,  when  it  is  once  mastered,, 
allows  of  a  much  more  accurate  and  simple  representation  to  our  minds  of  what  is  really 
happening  in  the  external  world. 

Events  referred  to  this  entity,  which  has  four  dimensions,  lose  certain  refractory 
inconsistencies  which  they  undoubtedly  present  when  they  are  described  in  the  usual 
terms  of  space  and  time.  Just  as  ethereal  radiation  is  put  forward  by  science  as  the 
real  external  event  giving  rise  to  our  subjective  experiences  of  light  and  warmth,  so 
our  movement  in  this  four-dimensional  continuum  is  put  forward  in  the  address  as 
giving  rise  to  our  subjective  and  other  experiences  of  the  measure  of  space  and  time 
which  we  associate  with  natural  occurrences.  The  conception  affords  us  a  truer 
apprehension  of  what  is  really  going  on  in  the  external  world  than  we  can  receive 
directly  by  our  space-and-time  experiences,  which  have  been  found  by  modern  science 
to  vary  with  our  relative  motion  in  a  most  confusing  and  irreconcilable  manner.  The 
satisfactory  unification,  as  seen  from  the  new  point  of  view,  of  previously  unrelated 
facts,  especially  of  the  facts  of  gravitation,  inertia,  and  centrifugal  force,  was  described 
in  the  address ;  and,  since  non-Euclidean  geometry  is  used  in  relativity  investigations, 
a  short  popular  account  was  given  of  what  such  a  thing  may  be. 

Maori  Culture  Areas  in  New  Zealand,  by  H.  D.  Skinner. 

Abstract. 

The  main  culture-division  in  the  island  region  of  the  Pacific  lies  between  Melanesia 
and  Polynesia.  “  Melanesia  ”  is  culturally  a  very  ill-defined  term,  and  appears  to  cover 
very  heterogeneous  material.  The  culture  of  Polynesia  appears,  on  the  other  hand,  to 
be  remarkably  homogeneous.  Maori  culture,  taken  broadly,  shows  features  derived 
from  Polynesia  and  others  that  find  their  closest  relationships  in  Melanesia.  In  language 
and  in  social  structure  the  Maoris  are  Polynesian,  but  their  material  culture  shows  many 
points  of  resemblance  to  that  of  the  Western  Pacific.  Thus  the  rectangular,  circular, 
and  pile  types  of  house  common  in  New  Zealand  are  without  parallel  in  Central  and 
Eastern  Polynesia,  but  occur  in  almost  identical  form  in  Melanesia. 

The  material  culture  of  the  North  Island  shows  strong  affinities  with  the  Western 
Pacific,  while  that  of  the  South  Island  seems  more  nearly  related  to  the  material  culture 
of  Polynesia.  This  division  between  the  North  Island  and  the  South  is  the  most  im¬ 
portant  that  can  be  made  on  cultural  grounds  in  New  Zealand.  There  is  a  transitional 
belt  embracing  both  shores  of  Cook  Strait.  The  South  Island  may  be  divided  into  three 
other  districts — Murihiku,  south  of  the  Rangitata  ;  Kaiapoi,  south  of  the  Buller  and  the 
Awatere  ;  and  the  Wakatu,  including  the  rest  of  the  Island  except  the  transitional 
region  about  the  Marlborough  Sounds. 

The  North  Island  may  be  divided  into  four  areas,  exclusive  of  the  transitional  belt 
along  the  shore  of  Cook  Strait.  The  West  Coast  Area  stretches  from  the  Rangitikei  to 
a  little  north  of  the  Mokau.  The  East  Coast  Area  lies  south  of  the  Mahia.  The  Central 
Area  includes  the  rest  of  the  Island  south  of  the  Auckland  Isthmus.  The  Northern 
Area  includes  the  rest  of  the  North  Island.  To  these  areas  must  be  added  the  Chatham 
Islands,  which  show  many  points  of  resemblance  to  Murihiku. 

The  Strange  Disappearance  of  Maoris  in  Fiordland,  by  W.  H.  Beattie. 

Maori  Anthropometry,  by  Dr.  P.  Buck. 

Abstract. 

In  his  paper  Dr.  Buck  pointed  out  that  anthropometry,  which  dealt  with  the  measure¬ 
ments  of  the  human  body  so  as  to  establish  the  standard  type  of  genus  of  a  race,  had 
been  neglected  as  regards  the  Maori  branch  of  the  Polynesians.  It  was  absolutely 
necessary  to  set  up  the  Maori  type  in  order  to  study  his  relationship  to  the  other  branches 
of  the  Polynesians,  and  to  determine  what  Melanesian  characteristics  existed  amongst 
them.  The  Americans  had  four  scientific  expeditions  working  in  Polynesia,  and,  since 
New  Zealand  administered  Samoa,  the  Cook  Group,  and  Niue  Island,  we  should  not 
lag  behind  in  the  scientific  study  of  those  Polynesian  branches  under  our  control. 
Attention  was  drawn  to  the  unsatisfactory  condition  that  existed  with  regard  to 
standard  Polynesian  and  Melanesian  types  owing  to  insufficient  measurements  of  a 
large  enough  number  of  living  persons.  Our  primary  duty  was  to  remove  this  charge 
of  scientific  neglect  as  regards  ourselves  by  first  establishing  the  Maori  type  or  types. 
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He  detailed  some  of  the  measurements  made  of  over  eight  hundred  members  of  the 
Maori  Battalion  that  served  in  the  late  war.  For  full-blooded  Maoris  he  established 
racial  standards  of  5ft.  7 Jin.  in  height  and  11  stone  91b.  in  weight,  which  were  IJin. 
and  22  lb.  greater  than  those  so  far  accepted  on  too  few  observations.  Head,  face, 
and  nose  measurements  were  detailed,  and  attention  drawn  to  the  tribal  differences 
that  existed.  An  interesting  feature  was  the  modification  of  face  and  nose  width  which 
occurred  amongst  those  of  mixed  blood,  the  narrowing  in  these  two  measurements  being 
shown  to  increase  with  the  greater  admixture  of  white  blood.  The  whole  subject  opened 
up  a  new  field  of  great  scientific  interest,  and  further  investigation  would  probably 
throw'  additional  light  on  tribal  and  racial  origin,  and  have  an  important  bearing  on 
the  culture  differences  that  existed  in  various  parts  of  New  Zealand. 

Some  Investigations  into  the  Variations  in  the  New  Zealand  Price-level : 
the  Political,  Social,  and  Industrial  Effects  following  therefrom,  by 

Dr.  J.  W.  McIlwraith. 

The  Horizontal  Pendulum,  by  Dr.  C.  E.  Adams. 

History  of  the  Offer  of  the  Yale  Telescopes  to  New  Zealand,  by  Dr.  C.  E. 

Adams. 

The  Earthquake  of  20th  September,  1920,  by  Dr.  C.  E.  Adams. 

A  National  Observatory  for  New  Zealand,  by  Dr.  C.  E.  Adams. 


Resolutions  of  the  Science  Congress. 

1.  That  this  Congress,  recognizing  Bacillus  amylovorus  as  being  in  the 
forefront  of  destructive  plant-diseases,  views  with  alarm  its  introduction 
into  New  Zealand,  and  urges  upon  the  Government  the  necessity  of  adopt¬ 
ing  the  most  effective  means  towards  its  early  eradication,  and  is  further 
of  the  opinion  that  it  will  be  little  short  of  criminal  not  only  to  the  fruit¬ 
grower  and  general  public  of  the  present  day,  but  to  future  generations, 
should  any  consideration  of  expediency  whatever  be  allowed  to  interfere 
with  the  vigorous  prosecution  of  such  a  policy. 

2.  This  Congress  is  of  opinion  that  an  absolutely  complete  census  of  all 
hawthorn  hedges  or  single  plants  and  all  other  hosts  of  fire -blight  should  be 
carried  out  in  conjunction  with  the  forthcoming  general  census. 

3.  That  the  time  has  arrived  when  the  Marine  Department  ought  to 
establish  systematic  observations  of  the  sea  temperatures  on  the  coasts  of 
New  Zealand.  In  Europe  and  the  United  States,  where  such  observations 
have  been  regularly  made  for  thirty  years  or  more,  important  economic 
results  have  been  obtained,  it  being  found  possible  front  temperature- 
observations  to  predict  the  arrival  at  certain  points  of  migratory  food 
fishes,  such  as  herring,  some  time  beforehand. 

4.  That  this  Congress  congratulates  the  Government  on  the  beginning 
made  to  equip  the  Hector  Observatory  with  improved  seismological  equip¬ 
ment,  as  urged  at  the  last  Congress,  and  that,  owing  to  the  importance  of 
seismology  to  New  Zealand,  the  Congress  desires  to  urge  the  Government 
to  add  to  the  equipment  of  the  Hector  Observatory  by  providing  another 
Milne-Shaw  seismograph,  so  that  both  horizontal  components  may  be  deter¬ 
mined,  and  that  a  vertical-component  seismograph  also  be  provided. 

5.  That  a  sub-committee  consisting  of  Dr.  Thomson,  Mr.  P.  G.  Morgan, 
and  Mr.  Donovan  (Dr.  Thomson  as  convener)  be  set  up  and  requested  to 
collect  available  information  with  respect  to  the  New  Zealand  occurrence 
of  minerals  containing  suspected  isotopes  of  certain  elements,  and  that  this 
be  handed  to  Professor  Kobertson  for  publication  in  some  suitable  journal. 

6.  That  this  Congress  urges  upon  the  Government  and  people  of  New 
Zealand  the  great  importance  of  accepting  the  generous  offer  to  New  Zea- 


1921.] 


New  Zealand  Institute  Science  Congress. 


45 


land  of  astronomical  equipment  and  staff  made  by  the  Yale  University 
Corporation,  New  Haven,  Connecticut,  U.S.A. 

7.  That  this  Congress  urges  upon  the  Government  the  importance  of 
taking  steps  to  participate  in  the  determination  of  the  longitude  of  the 
Hector  Observatory  by  radio-telegraphy  from  the  Greenwich  and  Paris 
Observatories,  as  recommended  by  the  Bureau  des  Longitudes,  Paris. 


REVIEWS  AND  ABSTRACTS. 

Report  of  the  Food  Investigation  Board,  1919-20.  Department  of 

Scientific  and  Industrial  Research,  London,  1920,  36  pp. 

The  second  report  of  this  Board  gives  an  account  of  certain  investigations 
which  are  of  considerable  interest  to  New  Zealand,  and  deals  principally 
with  the  research  work  undertaken  upon  the  preservation  of  food  by  cold. 
The  differences  in  the  behaviour  in  beef  and  mutton  when  subjected  to 
cold  storage  have  been  found  to  centre  around  the  physical  rather  than 
the  chemical  properties.  Experiments  with  pieces  of  beef  of  a  few  pounds 
in  weight  showed  that  when  beef  is  frozen  by  immersion  in  brine  cooled 
to  — 20°  C.  the  characteristic  propensity  to  drip  on  thawing  was  eliminated, 
and,  like  mutton,  to  a  large  extent,  it  preserved  the  qualities  of  fresh  meat. 
Experiments,  however,  upon  a  commercial  scale  with  quarters  of  beef  to 
reproduce  these  results  were  ineffectual.  A  study  of  the  distribution  of 
the  nitrogenous  compounds  in  fresh  meat  showed  that  the  autolysis  comes 
to  an  end  in  seven  or  eight  days  at  room-temperature,  but  for  frozen  meats 
at  — 10°  C.  the  rate  of  change  is  altered,  and  at  the  end  of  sixteen  days — 
the  longest  period  of  observation — there  was  no  sign  of  equilibrium  This 
is  in  no  way  surprising,  for  in  1908  W.  D.  Richardson,  and  in  1912  the 
reviewer,  published  results  for  beef  and  mutton  respectively  which  showed 
that  up  to  120  days  may  be  necessary  to  establish  the  nitrogenous  equili¬ 
brium  under  cold  storage. 

A  study  of  putrefaction  is  being  carried  out,  and  the  bacteriological 
conditions  investigated.  New  methods  are  reported  of  an  accurate  and 
simple  procedure  for  estimating  the  simpler  products  of  bacterial  decompo¬ 
sition.  A  fungus  is  reported  as  having  been  isolated  as  the  cause  of 
“  black  spot 55  in  meat,  and  has  been  found  to  grow  and  spore  at  — 5°  C. 
This  fungus  develops  more  rapidly  at  low  temperatures  if,  before  being 
placed  in  the  cold,  the  meat  inoculated  with  the  spores  is  kept  for  twenty- 
four  hours  at  ordinary  temperature,  thus  allowing  the  early  stages  of 
germination  to  take  place  under  normal  conditions  ;  growth  is  very  slow 
at  low  temperatures,  but  it  is  greatly  enhanced  if  the  temperature  is  raised 
to  0°  C.  Several  other  moulds  develop  fairly  well  at  freezing-point. 

It  is  shown  that  dried  blood  added  in  small  amounts  to  the  diet  of  pigs 
causes  a  remarkable  increase  in  the  rate  of  fattening. 

The  ripening  process  of  fruit  has  been  investigated,  and  the  limits  of 
temperature  within  which  fruit-moulds  will  grow  have  been  ascertained. 

The  Engineering  Sub-Committee  has  studied  the  question  of  efficiency 
in  the  common  insulating-materials,  and  the  laws  governing  heat -trans¬ 
mission  from  the  walls  of  a  room  to  the  air  ;  experiments  on  refrigerator 
cars  and  barges  for  carrying  frozen  meats  have  been  made,  and  trial  runs 
have  been  made. 

A.  process  for  the  synthesis  of  gtycerol  is  reported,  and  the  physiological 
properties  of  fats  in  which  glycerol  has  been  replaced  by  other  polyhydric 
alcohols  have  been  investigated. 
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A  study  of  canned  foods  is  being  carried  out,  but  the  results  are  as  yet 
incomplete.  A  low-temperature  station  is  to  be  built  and  equipped  at 
Cambridge  to  further  the  development  of  the  work. 

In  many  cases  the  result  recorded  and  the  investigations  carried  out 
supply  but  confirmation  of  the  pioneer  work  already  reported  by  investi¬ 
gators  in  England,  America,  and  New  Zealand  during  the  past  twelve  years 
or  so.  Whether  the  expenditure  for  a  purpose  of  confirming  former  work 
is  justified  appears  doubtful,  especially  as  the  Government  subsidy  is  no 
longer  available  after  five  years.  A.  M.  Wright. 


Cretaceous  Fossils  of  New  Zealand. 


Die  Kreideformation  von  Neuseeland,  bv  0.  Wilckens.  Geol. 
Rundschau,  Bd.  xi,  1920. 

Das  neuseelandische  obersenon,  nebst  einigen  Bemerkungen 
uber  seine  Bivalvenfauna,  by  Otto  Wilckens.  Zentralbl.  f.  Min., 
1920. 


These  two  papers  are  reviews  of  Woods’s  account  of  the  Cretaceous 
faunas  of  New  Zealand  (N.Z.  Geol.  Surv.  Pal.  Bull.  No.  4),  but  contain  many 
original  observations.  Of  the  two  zones  corresponding  respectively  to  the 
Lower  Utatiir  and  the  Ariyalur  of  South  India,  only  the  latter  is  dealt  with. 
The  author  says  that  the  Cephalopods  alone  prove  an  Upper  Senonian  age, 
a  result  confirmed  by  the  Bivalves. 

The  following  table  of  forms  related  to  the  new  species  is  given  : — 


Malletia  cymbula 
Callista  wilckensi 
Gucullaea  sp. 
Limatula  woods  i 

Callista  wilckensi 
Trigonia  waiparensis 
Thracia  haasti 
Pecten  selwynensis 
Barbatia  mackayi 


M.  pencana  Phil. 

C.  auca  d’Orb. 

C.  antarctica  0.  Wilck. 
L.  antarctica  0.  Wilck. 
L.  persimilis  Stol. 

C.  sculpturata  Stol. 

T.  crenifera  Stol. 

T.  subtruncata  Meek 
P.  veatchi  Gabb 
B.  micronema  Meek 


|  Quinquina  beds. 

South  Patagonian  Upper  Senonian. 
Grahamland  Upper  Senonian. 

|  Upper  Senonian  of  South  India. 

Vancouver  Upper  Senonian. 

Chico  Group,  California. 

Colorado  Stage,  U.S. 


1.  Nemodon  sp.  (Woods,  p.  19),  compared  by  Woods  with  Area  japetica 
Forbes,  from  the  Ariyalur  Group  of  South  India,  is  a  representative  of  the 
genus  N ordenskjoldia  0.  Wilck.,  and  it  differs  as  follows  : — 

(a.)  From  N  ordenskjoldia  nor  dens  Jcjoldi  0.  Wilck.  (from  the  Antarctic 
Upper  Senonian)  in  its  more  oblique  shape,  lack  of  the  crenate 
inner  edge,  and  its  smooth  anterior  teeth. 

(b.)  From  N.  japetica  (Forbes)  (Ariyalur  Group,  South  India)  in  its 
more  oblique  form  and  more  strongly  arched  anterior  teeth. 

(c.)  From  N.  disparilis  (d’Orb.)  (Tricbinopoli  Group,  South  India)  in 
its  more  slender  outline  and  more  obliquely  placed  posterior  teeth. 

It  is  therefore  a  new  form,  for  which  is  proposed  the  name  N ordenskjoldia 
woodsi. 

2.  The  Cucullaea  sp.  (Woods,  p.  20)  is  probably  C.  zealandica  Woods. 
A  related  form  is  0.  grahamensis  0.  Wilck.,  from  the  Upper  Senonian  of 
Grahamland. 

3.  Trigonia  pseudocundata  Hector  (Woods,  p.  21)  should  be  spelt  T. 
pseudocaudata,  for  there  is  no  Latin  word  “  cundatus  ”  nor  a  T.  cundata. 
There  is  a  T.  caudata  Ag.,  with  which  Hector  obviously  wished  to  compare 
the  New  Zealand  specimen,  since  both  show  the  narrowing  of  the  shell 
towards  the  posterior  end. 

4.  Trigonia  waiparensis  Woods  (p.  23)  is  compared  with  T.  parva  Briiggen 
from  Peru,  and  with  T.  crenifera.  Stol.  from  the  Ariyalur.  A  better  com¬ 
parison  is  with  T.  antarctica  0.  Wilck.  and  T.  pygoscelium  0.  Wilck.  from 
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the  Antarctic,  and  with  T.  cazadorictna  0.  Wilck.  from  Patagonia— forms 
that  belong  to  the  group  of  T .  spinosa  Park. 

5.  Inoceramus  pacificus  Woods  (p.  28)  is  identical  with  7.  steinmanni 
0.  Wilck.  from  the  Upper  Senonian  of  South  Patagonia  and  Magellan. 
The  agreement  is  perfect,  and  in  the  three  localities  it  occurs  at  a  low 
horizon. 

6.  Pinna  sp.  (Woods,  p.  28)  :  Also  sparingly  found  in  South  Patagonia 
and  Antarctica. 

7.  Mactra  sp.  (Woods,  p.  30)  :  This  is  not  Mactra  but  Lahillia,  a  genus 
characteristic  of  Patagonian  and  Antarctic  Upper  Senonian,  found  also  in 
Quinquina  beds  and  also  in  older  Tertiary  of  Patagonia  and  Antarctica. 
Whether  it  belongs  to  one  of  the  two  Cretaceous  forms  L.  luisa  0.  Wilck. 
or  L.  veneriformis  (Hupe),  or  to  a  new  kind,  cannot  be  ascertained  until 
the  hinge  is  known.  This  shell  must  be  an  immigrant  from  South  America, 
for  it  does  not  occur  until  the  Saurian  beds,  somewhat  high  in  the 
Upper  Senonian,  while  it  was  previously  existing  in  the  Chile-Magellan- 
West- Antarctic  Province. 

8.  Callista  thomsoni  Woods  (p.  32)  is  very  like  Cytherea  sp.  of  Quinquina. 

The  relations  of  the  New  Zealand  occurrences  to  the  Upper  Senonian 

from  Chile,  Patagonia,  and  Antarctica  are  closer  than  to  that  of  any  other 
country.  The  connection  with  India  was  earlier,  but  not  so  free  as  to  the 
East. 

The  fauna  presents  a  pronounced  Lamellibranch  facies  which  suggests 
a  shallow-water  origin,  so  that  there  must  have  been  a  coast  fringing  the 
South  Pacific.  The  abrupt  termination  of  the  New  Zealand  mountain- 
ranges  in  Otago  shows  a  former  extension  in  a  south-easterly  direction, 
while  those  of  Grahamland  stretched  to  the  south-west.  This  range  was 
fractured  and  depressed  perhaps  as  early  as  the  Upper  Senonian. 

J.  Marwick. 

Die  Geologie  von  Neuseeland,  by  0.  Wilckens.  Die  N aturwissenschaften, 

Heft  41,  Oktober,  1920. 

Important  additions  to  the  knowledge  of  the  history  of  the  Pacific  Ocean 
are  to  be  obtained  by  a  study  of  the  geology  of  New  Zealand. 

The  geological  structure  of  this  country  may  be  divided  into  four  chief 
groups  : — 

(1.)  Their  backbone  of  crystalline  schist  separated  into  Silurian  and 
Devonian  ;  also  arkose,  greywacke,  and  clay  slates  of  the  Permo- 
Carboniferous,  of  the  Trias,  and  of  the  Jura,  all  intensely  folded 
and  containing  granites  and  beds  of  serpentine. 

(2.)  A  border  on  both  sides  of  the  folded  mountains — conglomerate, 
sandstone,  marl,  and  limestone  of  the  Middle  and  Upper  Creta¬ 
ceous  and  the  Tertiary.  These  transgressive  series  begin  in 
separate  districts  with  formations  of  different  ages.  Stratification 
is  generally  horizontal,  but  folding  is  by  no  means  wanting,  and 
faults  are  abundant. 

(3.)  Volcanic  rock. 

(4.)  Quaternary  and  Decent  moraines. 

The  New  Zealand  mountain-folding  was  more  recent  than  the  Gond- 
wan aland  subsidence,  and  so  the  former  country  underwent  a  phase  of 
development  different  from  the  latter.  The  Permo-Carboniferous  in  New 
Zealand  is  marine  (Maitai  series),  therefore  no  land  existed  then. 

The  Trias  fauna  contains  many  peculiar  groups,  so  that  one  has  rightly 
spoken  of  a  “  Maori  ”  province  of  the  Triassic  sea.  There  is  close  con¬ 
nection  only  with  the  New  Caledonian  Trias. 
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In  the  Rhaetic  one  meets  the  first  signs  of  New  Zealand  as  a  land-mass. 
There  are  also  plant-beds  of  Lower  and  Middle  Jura.  These  show  much 
agreement  with  beds  of  the  same  age  in  Australia  and  Farther  India,  and 
also  with  those  of  Grahamland  and  Ternera  (Chile).  Thus  one  could  pro¬ 
pose  a  land  connection  between  all  these  places ;  but  it  seems  very  doubtful 
if  such  was  the  case.  The  great  mountain-folding  was  pre-Middle  Creta¬ 
ceous.  The  rising  mountains  were  worn  down  and  more  or  less  levelled ; 
then  came  the  great  transgression  of  the  Middle  Cretaceous,  which  has  left 
its  trace  in  the  beds  of  the  Clarence  Valley,  in  formations  of  the  Upper 
Gault.  Transgressive  beds  of  similar  age  are  found  in  Japan,  Queen  Char¬ 
lotte  Islands,  California,  Peru,  Farther  India,  Conducia  (near  Mozambique), 
Madagascar,  and  Zulu  land.  In  most  of  these  places  the  Cenomanian  follows 
upon  the  Gault,  but  not  so  in  New  Zealand.  In  the  Kaikouras  the  Amuri 
limestone  lies  on  the  Gault,  and  the  Upper  Senonian  is  wanting.  The 
latter  occurs  at  onU  a  few  places  in  the  South  Island. 

There  is  a  marked  resemblance  between  these  Upper  Senonian  beds  and 
those  of  Quinquina,  South  Patagonia,  and  Grahamland.  The  outcropping 
of  these  formations  proves  the  existence  of  a  coast  round  the  South  Pacific 
in  younger  Cretaceous  times. 

The  present  inner  margin  of  the  Cretaceous  beds  is  not  identical  with 
the  coast  of  the  Cretaceous  sea.  If  in  the  Clarence  Valley  the  Middle 
Cretaceous  and  the  Amuri  limestone  have  a  thickness  of  3,000  m.,  then 
these  beds  must  have  reached  much  farther  inland. 

As  in  New  Zealand.,  uncertainty  as  to  the  boundary  between  Cretaceous 
and  Tertiary  existed  in  South  Patagonia  and  Grahamland  ;  but  recent 
palaeontological  discoveries  have  enabled  a  separation  to  be  made. 

The  present  mountain-ranges  do  not  owe  their  form  to  the  principal 
folding  of  the  Mesozoic.  In  the  beginning  of  the  Tertiary  New  Zealand 
was  elevated,  but  soon  divided  by  the  breaking-down  of  the  west  coast. 
The  involving  of  Tertiary  rocks  at  Lake  Wakatipu  in  an  overthrust,  also 
the  overthrust  of  the  Kaikouras,  show  that  important  dislocations  took 
place  in  the  younger  Tertiary,  the  present  mountains  being  produced 
during  this  period.  Strong  elevation  and  depression  followed. 

The  scarcity  of  vertebrate  animals  before  the  arrival  of  man  showTs  long 
isolation,  at  least  since  the  Upper  Cretaceous,  when  the  South  Pacific  Ocean 
was  already  in  existence.  J.  Marwick. 

A  New  Theory  of  Polynesian  Origins,  by  R.  B.  Dixon.  Proc.  Am .  PUL 

Soc vol.  19,  No.  4,  1920. 

Dr.  Dixon  concludes  from  a  survey  of  all  the  work  done  thus  far  in 

fj 

physical  anthropology  that  the  underlying  stratum  in  Polynesia  is  Negrito. 
Later  came  a  wave  of  Negroid  peoples.  Finally  came  a  Malayoid  wave, 
submerging  the  preceding  types  in  Western  Polynesia.  These  waves  were 
not  rapid  conquests,  but  slow  drifts.  H.  D.  S, 

A  Maori  Food-howl  ( Kumete ),  by  H.  S.  Beasley.  Man,  1919,  May,  No.  36. 

Mr.  Beasley  figures  and  describes  an  ancient  and  beautifully  carved 
kumete.  H.  D.  S. 

Some  Unrecorded  Maori  Decorative  Work,  by  H.  Ling  Roth.  Man , 

1920,  May,  No.  39. 

Dr.  Ling  Roth  figures  and  describes  examples  of  modem  Maori  flax  work. 

H.D-.S. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2, 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp^  4to,  15s.  ;  Royal  8 vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d.  §  V. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 


OLDER  AURIFEROUS  DRIFTS  OF  CENTRAL  OTAGO. 
2s.  6d. 


A.  McKay,  F.G.S. 


PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 


Zealand.  By  J.  Allan  Thomson.  2s.  6d. 


PALAEONTOLOGICAL  BULLETIN  No.  2 
New  Zealand,  based  on  Type  Material  ; 

PALAEONTOLOGICAL  BULLETIN  No.  3 
New  Zealand,  based  on  Type  Material 


A  Revision  of  the  Tertiary  Mollusca  of 
Part  I.  By  Henry  Suter.  2s.  6d. 

A  Revision  of  the  Tertiary  Mollusca  of 
Part  II.  By  Henry  Suter.  2s.  6d. 


PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5:  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6 :  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  7:  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish-remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  Cd. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  Land  ii.  IQs.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  10s. 

TOWN-PLANNING:  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  5s. 

WAIPOUA  KAURI  FOREST:  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d.  ^ 
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GOVERNMENT  PRINTER, 

WELLINGTON. 


BOARD  OF  SCIENCE  AND  ART  BULLETIN  No.  1  :  New  Zealand  Brown  Coals. 
By  H.  Rands,  M.A.,  B.Sc.,  and  W.  0.  R.  Gilling,  M.A.,  B.Sc.  2s. 

BOARD  OF  SCIENCE  AND  ART  MANUAL  No.  I  :  New  Zealand  Plants  and  their 
Story.  By  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S.  2nd  edition,  rewritten  and  enlarged., 
99  photographs,  14  text-figures.  Full  cloth,  7s.  6d. ;  paper  covers,  5s. 
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Introduction. 

Six  weeks’  residence  in  Western  Samoa  in  October  and  November,  1920, 
with  travel  mainly  round  the  coast-line  of  Upolu  and  the  eastern  side  of 
Savaii  have  enabled  me  rather  to  appreciate  the  difficulties  in  the  way  of 
geological  exploration  in  Samoa  than  to  make  many  original  observations 
of  value.  The  difficulties  lie  in  the  climate,  which  renders  wralking  and 
hill-climbing  arduous,  in  the  denseness  of  the  tropical  bush,  and  in  the 
paucity  of  roads  or  tracks  leading  to  the  interior  mountains.  As  many  of 
the  papers  dealing  with  the  subject  are  in  German,  and  are  not  readily 
accessible  to  English  readers,  I  have  deemed  it  useful  to  collect  all  available 
information  and  present  it  in  detailed  form,  adding  my  own  few  observations. 
I  have  to  thank  Dr.  G.  Angenheister  for  the  loan  of  several  German 
publications  on  the  eruptions  of  Matavanu. 

The  Samoan  Islands  lie  between  latitudes  13°  and  15°  S.,  and  longitudes 
169°  and  173°  W.  There  are  four  main  islands — Savaii,  Upolu,  Tutuila, 
and  Tau  ;  and  the  smaller  islets  of  Apolima  and  Manono,  in  the  Apolima 
Strait,  between  Savaii  and  Upolu  ;  Nuatele  and  other  small  islets  off  the 
east  end  of  Upolu;  Aunuu,  off  the  east  end  of  Tutuila;  Ofu  and  Olosega 
and  a  number  of  reefs  making  with  Tau  the  Manua  group  ;  and  Bose  Island, 
a  coral  island  far  to  the  east  of  the  latter.  From  Savaii  to  Tutuila  the 
islands  have  a  linear  disposition  in  a  direction  from  west-north-west  to 
east-south-east.  Along  this  line  Savaii  has  a  length  of  forty-seven  miles 
4 — Science. 
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(its  greatest  breadth  being  twenty-seven  miles) ;  the  Apolima  Strait  occu¬ 
pies  nine  miles  ;  Upolu  has  a  length  also  of  forty-seven  miles  (its  greatest 
breadth  being  only  sixteen  miles) ;  the  distance  to  Tutuila  is  forty-four 
miles  ;  and  the  length  of  Tutuila  in  an  west-east  direction  is  twenty  miles 
(its  breadth  being  only  six  miles).  The  Manua  group  lies  sixty  miles  a  little 
to  the  north  of  east  of  Tutuila,  and  is  also  elongated  in  a  west-north-west 
to  east-south-east  direction,  with  a  total  length  from  Ofu  to  Tau  of  fifteen 
miles.  The  form  of  the  sea-bottom  between  Upolu  and  Tutuila  cannot  be 
gleaned  from  the  Admiralty  chart,  nor  that  between  Tutuila  and  the  Manua 
group,  but  it  seems  from  the  directions  of  elongation  that  there  are  probably 
two  elevated  ridges  rising  from  the  sea-bottom  en  echelon ,  the  one  bearing 
Savaii,  Apolima,  Manono,  Upolu,  and  Tutuila,  and  the  other  the  islands  of 
the  Manua  group,  rather  than  a  continuous  ridge  connecting  the  latter  to 
the  former.  All  the  islands  are  mountainous,  rising  to  heights  of  6,096  ft. 
(1,858  m.)  in  Savaii,  3,607  ft.  (1,099  m.)  in  Upolu,  2,133  ft.  (653  m.)  in 
Tutuila,  and  2,500  ft.  (762  m.)  in  Tau. 

The  Samoan  Islands  lie  north  of  the  northern  end  of  a  tectonic  line 
running  north-north-east  from  New  Zealand  through  the  Kermadec  and 
Tonga  Groups.  To  the  east  of  the  middle  part  of  this  line  lies  the  great 
Kermadec-Tonga  deep.  To  the  west  is  the  intermittent  sub-oceanic  plateau 
bearing  the  Kermadec  and  Tonga  Islands,  generally  interpreted  as  a  con¬ 
tinuation  of  the  mountain  axis  of  the  North  Island  of  New  Zealand.  West 
of  this  is  a  depressed  belt  with  a  line  of  active  or  dormant  volcanoes — 
Ruapehu,  Ngauruhoe,  Tongariro,  Tarawera,  and  White  Island  in  New 
Zealand,  Curtis  and  Sunday  Islands  in  the  Kermadec  Group,  and  Falcon 
Island,  Tofua,  Metis,  Late,  Fanua-lai,  and  Wesley  Rock  in  the  Tonga  Group, 
besides  other  submarine  centres  of  eruption.  Speight  has  suggested  that  the 
fissure  on  which  these  volcanoes  lie  is  extended  to  the  north-east  to  intersect 
Savaii  and  the  Hawaiian  Islands.  The  Tongan  plateau,  however,  curves 
round  to  the  north-west  before  reaching  Samoa,  and  extends  in  this  direction 
as  far  as  Alofa  and  Fotuna,  and  the  active  volcano  of  Niuafou  seems  to  show 
a  similar  bend  in  the  volcanic  line.  The  Samoan  line  of  volcanoes  has  a  trend 
more  or  less  parallel  to  this  north-west  trend  of  the  Tongan  plateau,  but  is 
separated  from  it  by  deep  seas,  and  it  is  very  improbable  that  Speight’s 
suggestion  has  any  force. 

Of  the  Samoan  Group,  Tutuila,  the  Manua  group,  and  Rose  Island 
belong  to  the  United  States,  and  are  administered  through  the  Navy ;  while 
Savaii,  Apolima,  Manono,  and  Upolu  form  Western  Samoa,  which  is  now 
held  by  New  Zealand  under  mandate  from  the  League  of  Nations. 

The  best  maps  of  Western  Samoa  are  the  German  Reichs-Marine-Amt 
charts  of  Savaii,  1912,  and  of  Upolu,  1914,  both  on  the  scale  of  1 : 150,000. 
The  British  Admiralty  chart,  No.  1730,  of  the  Samoa  or  Navigator  Islands, 
is  based  on  German  and  American  charts  to  1912,  and  gives  a  useful  general 
view  of  the  group.  No  geodetic  survey  or  triangulation  has  been  attempted 
either  in  Upolu  or  Savaii,  and  the  positions  of  the  mountains  and  the  courses 
of  the  streams  are  very  imperfectly  shown  on  existing  maps. 

With  the  exception  of  the  coral  reefs  along  the  coast  and  some  beach 
deposits  to  be  noticed  later,  all  the  rocks  of  the  islands  are  of  volcanic  origin, 
and,  so  far  as  hand -specimens  go,  are  mainly  of  basaltic  facies.  In  this  respect 
there  is  a  distinct  parallel  with  the  Hawaiian  Islands.  A  further  parallel 
exists  in  regard  to  the  shifting  of  the  centres  of  volcanic  activity.  Savaii 
has  experienced  three  eruptions  in  historic  times,  and  is  comparable  in 
form  and  state  of  erosion  with  the  Island  of  Hawaii.  Upolu  bears  at  its 
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western  end  a  well-marked  volcano,  with  well-preserved  crater  in  Tofua 
(2,195  ft.,  669  m.),  but  its  eastern  part  is  more  dissected.  It  is  thus  broadly 
comparable  in  form  and  state  of  erosion  with  Maui.  Tutuila  appears  to  be 
still  more  dissected,  and  may  perhaps  be  compared  to  Oahu.  The  centre 
of  activity  has  shifted  in  Western  Samoa  from  the  east-south-east  to  the 
west-north-west,  but  in  the  Hawaiian  Islands  from  the  north-west  to  the 
south-east. 

The  Historic  Volcanoes. 

Mauga  Afi  (about  1760). 

According  to  von  Bulow  and  Tempest  Anderson,* * * §  the  Samoans  preserve 
a  tradition  of  eruptions  “  about  one  hundred  and  fifty  years  ago  ”  (a.d.  1760) 
which  gave  rise  to  a  rugged  and  very  extensive  lava-field,  called  0  le  Mu,f 
between  the  villages  of  Asau  and  Aopo,  on  the  north  side  of  Savaii.  This 
field  is  said  to  be  more  extensive  than  that  recently  created  by  the  Matavanu 
eruptions,  but  is  shown  on  the  German  Admiralty  chart  with  a  length  of 
eight  miles  and  a  half,  and  a  breadth  of  only  one  mile  and  a  half.  It  is  still 
comparatively  unaltered,  preserving  the  “  wrinkled,  knobbed,  ropy,  and 
tapestiy-like  folds,  and  the  general  characteristics  of  the  £  pahoehoe  ’  type 
of  lava-flow  ”  (Jensen),  and  is  apparently  free  of  bush,  which  is  rather 
surprising  in  view  of  the  growth  that  has  taken  place  already  on  the 
Matavanu  lavas.  Jensen  believes  the  flows  came  from  Mauga  Afi,t  a  crater 
5,249  ft.  (1,600  m.)  high,  on  the  western  slopes  of  the  main  ridge  of  the 
island,  and  ascribes  to  the  same  source  a  flow  on  the  southern  side  of  the 
ridge. 

Aopo  was  surrounded  and  partially  destroyed  by  these  eruptions,  and 
other  villages  were  totally  destroyed.  The  present  village  of  Aopo  occupies 
what  is  known  in  Hawaii  as  a  kipuka,  an  area  which  a  lava-stream  has 
flowed  around  and  left  as  an  island. §  Its  water-supply  was  interfered  with 
by  the  lava-flows,  and  it  is  now  dependent  upon  tanks. 

Friedlander||  describes  the  cone  of  Mauga  Afi  as  a  fairly  steep  slag  cone, 
100  m.  (328  ft.)  high,  with  an  elliptical  crater,  elongated  east  and  west, 
70  m.  (230  ft.)  deep,  and  with  slopes  of  60°  The  western  margin  of  the 
crater  is  broken,  and  here  the  lava  flowed  out  in  a  westerly  direction, 
turning  to  the  north  after  a  short  distance. 

Manna  (1866). 

A  submarine  eruption  took  place  between  the  islands  of  Olosega  and 
Tau  in  1866,  but  few  details  have  been  recorded.  Coleman  Phillips 
states  that  on  the  12tli  September  dense  masses  of  smoke  arose  from  the 
sea  and  continued  until  the  middle  of  November.  The  outbreak  was 


*  Tempest  Anderson  has  acknowledged  his  indebtedness  to  Mr.  R.  Williams, 
Amtmann  of  Savaii  during  the  German  regime,  and  Deputy  Administrator  during  the 
New  Zealand  military  occupation,  not  only  for  this  but  for  much  information  in  regard 
to  Matavanu.  I  also  have  to  thank  Mr.  Williams  for  allowing  me  access  to  his  official 
reports  on  the  progress  of  the  Matavanu  eruptions. 

f  O  le  Mu  means  “  the  burnt.” 

+  Mauga  (pronounced  maunga )  is  the  same  word  as  the  Hawaiian  mauna  and  the 
Maori  maunga,  meaning  “  mountain.”  Afi  means  “  fire.” 

§  Dr.  Henry  S.  Washington  informs  me  that  in  Sicily  such  an  area  is  known  as  a 
dagald.  Geologically  it  is  a  kind  of  inlier,  but  a  distinct  name  seems  desirable. 

||  I  have  had  access  only  to  a  manuscript  translation  of  Friedlander’s  paper 
prepared  by  the  late  Mr.  H.  Neffgen,  of  Apia,  a  copy  of  which  I  owe  to  the  kindness 
of  Colonel  Tate,  Administrator  of  Western  Samoa. 
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preceded  by  repeated  shocks  of  earthquake.  Friedlander  ascertained  from 
an  old  inhabitant  of  the  group  that  dense  clouds  of  steam  and  water 
with  slag  and  pumice  were  ejected,  and  at  night  flames  were  plainly 
visible.  Stewart’s  Handbook  of  the  Pacific  Islands  gives  the  date  as  1867, 
obviously  in  error,  and  mentions  that  the  submarine  volcano  vomited  forth 
rocks  and  mud  to  the  height  of  2,000  ft.,  killing  the  fish  and  discolouring 
the  sea  for  miles  around.  The  German  Admiralty  chart,  according  to 
Friedlander,  mentions  a  submarine  volcano  in  46  m.  depth. 

Mauga  Mu  of  Aopo  (1902). 

On  the  30th  October,  1902,  eruptions  commenced  at  a  spot  about  two 
miles  north-east  of  Mauga  Afi  and  some  four  miles  south-south-east  of 
the  village  of  Aopo.  They  were  preceded  and  accompanied  by  violent 
earthquake  shocks,  and  for  three  weeks  great  detonations  took  place,  and 
flames  were  reported  by  Pere  Mennel.  The  volcanic  activity  ceased  after 
a  few  months.  No  previous  crater  was  known  at  this  spot,  but  according 
to  Friedlander  two  hills  were  formed  with  an  E.-W.  extension,  the  larger 
with  three  well-formed  oblong  craters  and  the  smaller  with  two  in  the 
shape  of  a  horse-shoe.  From  both  cones  lava-streams  issued  and  flowed 
1  km.  to  2  km.  in  the  direction  of  Aopo.  It  also  welled  out  from  a  fissure 
on  the  side  of  an  old  crater  to  the  south,  and  partially  filled  it.  Wegener 
(1903)  states  that  a  first  crater,  formed  on  the  30th  October,  furnished 
only  lavas,  but  a  second,  about  half  a  mile  to  the  west,  was  formed  on  the 
1st  November,  and  was  explosive  for  a  short  time. 

Jensen  describes  the  material  of  the  1902  eruption  as  belonging  to  the 
aa  type,  consisting  of  fragments  of  all  sizes,  from  cinders  the  size  of  peas 
to  blocks  many  yards  in  diameter,  piled  in  wild  confusion,  and  states  that 
the  lava  is  vesicular  and  scoriaceous,  but  does  not  seem  to  differentiate 
in  his  description  between  true  aa  lava  and  volcanic  ashes.  Friedlander 
describes  the  latter  as  black  and  metallic  in  lustre,  and  very  light  and 
porous.  Weber,  'who  studied  Friedlander’s  material,  describes  the  lavas 
as  a  light  porous  slaggy  form,  referable  to  feldspar  basalt,  and  consisting 
of  phenocrysts  of  olivine,  augite,  and  plagioclase  in  a  brown  glass  turbid 
with  magnetite. 

Mauga  Mu  is  shown  on  the  German  Admiralty  chart  as  44  Parasit  1902,” 
referring  to  its  position  as  parasitic  on  Mauga  Afi. 

Matavanu  (1905-1911). 

Just  as  Mauga  Mu  is  parasitic  on  Mauga  Afi,  so  Matavanu  may  be 
described  as  parasitic  on  Pule,  an  old  crater,  occupied  by  a  lake,  lying  a 
few  miles  to  the  north  of  the  main  mountain-tops  of  Savaii  and  a  little 
over  2,000  ft.  high.  Before  the  eruption  the  place  which  is  now  the  crater 
of  Matavanu  was  a  sort  of  elevated  plain  surrounded  by  mountains,  about 
seven  miles  south  of  Matautu.  The  eruptions  began  on  the  4th  August, 
1905,  and  at  first  were  of  an  explosive  nature,  but  no  severe  earthquakes 
were  experienced.  From  the  2nd  to  the  4th  September  molten  lava  was 
poured  out,  and  advanced  two  miles.  It  flowed  at  first  to  the  north-west, 
filling  up  the  upper  ends  of  some  valleys  .draining  to  Matautu  Harbour. 
Later  it  flowed  both  to  the  west  and  the  north-east,  in  the  latter  direction 
following  a  tortuous  valley  draining  to  the  sea  some  miles  east  of  Matautu, 
and  the  lava  itself  reached  the  sea  in  December,  1905,  at  Foapaipai,  filling 
up  the  lagoon  between  the  coral  reef  and  the  coast  and  turning  westward 
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along  the  reef.  Early  in  1906  there  wa=s  great  increase  of  activity,  and 
the  lava  destroyed  the  villages  of  Salago  and  Saleaula  to  the  west,  and  it 
also  flowed  east  and  overwhelmed  the  villages  of  Tapatapu  and  Maleola. 
The  distance  from  the  crater,  following  the  winding  and  turnings,  was  about 
thirteen  miles,  and  the  sea-front  covered  was  nearly  nine  miles.  “  The 
large,  fresh  lava-streams  soon  got  crusted  over  on  the  surface  with 
solidified  lava,  and  the  liquid  lava  continued  to  flow  underneath.  Even 
at  the  crater  it  seldom  flowed  over  the  lip,  but  generally  entered  holes  and 
tunnels  in  the  sides  and  flowed  underground.  The  lava-field  thus  became 
honeycombed  with  channels  of  liquid  or  pasty  lava,  which  occasionally 
came  to  the  surface  and  flooded  it  with  fresh  sheets  of  lava  ;  at  other 
times  the  surface  frequently  floated  up  and  was  raised  by  the  intrusion  of 
fresh  lava  underneath,  so  that  what  had  previously  been  the  course  of  the 
valley  now  became  the  highest  part  of  the  field.  Mr.  Williams  thinks, 
that  the  lava  must  be  in  places  400  ft.  thick  ”  (Anderson). 

Where  the  coast  was  bordered  by  a  coral  reef  the  lava  quickly  filled 
up  the  lagoon  and  thus  extended  the  coast-line.  For  a  stretch  where  it 
was  previously  “  iron-bound  ” — i.e.,  formed  of  old  lava  not  protected  by 
a  coral  reef,  as  at  Asuisui — the  lava  flowed  directly  into  deep  water,  and 
did  not  materially  alter  the  outline  of  the  coast.  The  flow  into  the  sea 
continued,  with  only  a  day’s  intermission,  from  1905  until  1910  or  1911. 
An  immense  amount  of  lava  disappeared  in  this  manner,  estimated  by 
Friedlander  as  many  cubic  kilometres,  and  four  times  the  volume  of  that 
forming  the  visible  lava-fields  (Sapper,  1911). 

When  the  discharges  into  the  sea  were  most  active,  Anderson  states 
that  explosions  were  almost  continuous,  and  the  whole  was  obscured  by 
clouds  of  steam,  from  which  fragments  of  red-hot  lava  and  showers  of 
black  sand  were  seen  to  fall.  This  black  sand  formed  beds  capping 
the  lava.  Angenheister  in  1909  remarks  that  the  explosions  took  place 
every  five  to  ten  minutes.  When  the  lava  was  flowing  in  lesser  quantity, 
Anderson  notes  that  explosions  were  much  less  noticeable,  and  the  lava 
extended  itself  into  buds  and  lobes,  and  cooled  in  the  form  of  a  “  pillow- 
lava.” 

The  crater  of  Matavanu  has  been  described  in  various  stages  by  Jensen, 
Angenheister,  Anderson,  Friedlander,  and  Grevel.  As  seen  by  me  in  1920, 
it  is  a  broad  slag-covered  cone,  with  a  steep-walled  crater  about  250  ft. 
deep,  narrowly  elliptical  in  form,  and  elongated  about  a  quarter  of  a  mile 
from  south-south-east  to  north-north- west.*  The  northern  end  of  the 
crater  is  partially  fallen  in,  and  the  depression  is  extended  in  this 
direction  by  two  fallen-in  tunnels  for  another  100  yards  or  so.  Farther 
to  the  north-east  there  is  another  disconnected  downbreak,  with  a  tunnel 
showing  at  the  bottom  in  the  northern  end.  Angenheister  noted  in  1909 
that  the  lava  passed  out  through  two  tunnels  to  the  north  and  one  to  the 
south,  though  there  was  no  flow  to  the  surface  in  the  latter  direction. 
The  eastern  side  of  the  crater  is  composed  of  red  ash  below,  grey  ash  above, 
capped  by  a  5  ft.  layer  of  lava,  which  is  covered  on  the  outer  surface  by- 
spatter  slag.  The  western  side  shows  lava-flows  with  red  ash  between 
and  above  them,  and  the  same  5  ft.  layer  of  lava  on  the  top.  At  the 
northern  end  lavas  come  in  in  wedge-shaped  fashion,  lying  unconformably 
on  the  ash-beds.  Sulphur-fumaroles  are  still  active,  both  near  the  bottom 


*  Compass  bearings  being  notoriously  unreliable  in  basalt  volcanoes,  I  projected 
the  line  of  the  elongation  to  the  sea-coast,  and  found  that  it  bore  about  three,  miles  to- 
the  west  of  Matautu. 
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at  the  north  end  and  round  the  top  of  the  talus  slopes  at  the  south  end. 
The  sulphur-crystals  are  of  the  unstable  monoclinic  variety. 

The  lava-field  from  the  base  of  the  crater  to  the  sea  has  an  average  slope 
estimated  by  Anderson  at  about  6°.  The  lava  is  mostly  of  the  typical 
pahoehoe  type,  smooth  over  a  wide  area,  though  very  irregular  in  detail, 
with  typical  small  cracked  domes  with  corrugated  and  ropy  surfaces.  Near 
the  crater  areas  of  rough  broken  lava  simulating  aa  are  not  uncommon,  but 
they  are  made  of  broken  pahoehoe,  and  I  saw  no  typical  aa.  Anderson’s 
explanations  of  the  origin,  of  the  aa  type  of  lava  are  diametrically  opposed 
to  those  of  Jaggar,  and  the  reason  lies  probably  in  the  fact  that  he  mistook 
areas  of  broken  pahoehoe  for  aa.  For  a  more  detailed  description  of  the 
lava-surface  the  descriptions  of  Jensen  and  Anderson  should  be  consulted. 
Further  exploration  of  the  tunnels,  which  are  now  accessible  by  numerous 
downbreaks,  is  desirable.  In  particular,  the  soluble  salts  should  be  collected 
and  analysed  before  they  are  all  washed  away. 

It  is  worthy  of  note  that  the  growth  of  vegetation  on  the  lavas  of  1905 
and  1906  greatly  exceeds  that  on  the  1894  or  even  the  1860  flows  of 
Kilauea,  presumably  because  of  the  moister  climate.  I  noted  three  species 
of  fern,  two  shrubs,  an  orchid,  and  a  grass  just  below  the  crater,  and  much 
moss  near  the  crater.  A  botanical  investigation  in  the  near  future  is 
very  desirable.  It  is  difficult  to  reconcile  the  amount  of  growth  on  the 
Matavanu  lavas  with  the  lack  of  bush  on  the  150-year-old  lava-fields  of 
Aopo. 

The  lavas  of  Matavanu  have  been  examined  microscopically  by  Jensen 
and  Weber,  but  no  analyses  have  been  made.  They  are  olivine-rich 
feldspar  basalts  with  titaniferous  augite,  and  generally  with  a  considerable 
proportion  of  glass.  The  chilled  surfaces  of  the  pahoehoe  flows  are  typical 
tachylites.  Jensen  states  that  the  Matavanu  lavas  are  richer  in  iron- 
ores  than  any  of  the  earlier  flows. 

The  Prehistoric  Volcanoes. 

Savaii. 

Except  by  Friedlander,  little  has  been  written  of  the  geology  of  Savaii, 
outside  the  historic  volcanoes,  and  little  exploration  either  of  the  coast 
or  of  the  interior  has  been  made.  The  island  has  an  elongate  dome  shape, 
and  seen  from  the  steamer  passing  it  on  the  south  reminded  me  greatly 
of  Mauna  Loa  in  Hawaii  in  outline  and  slopes.  Like  Mauna  Loa,  it  has 
a  series  of  parasitic  cones  along  the  crest  on  both  eastern  and  western 
sides,  and  is  highest  at  the  centre.  A  study  of  the  map  suggests  that, 
like  Mauna  Loa,  Savaii  is  dominated  by  a  longitudinal  fissure,  which  is 
continued  to  the  east-south-east  by  Apolima,  Manono,  and  Upolu.  On 
this  line  from  west  to  east  lie  the  craters  of  Mauga  Loa,  Mauga  Afi,  Siope, 
Te’elagi,  Matane,  and  many  smaller  unnamed  ones.  Friedlander  states 
that  this  range  is  called  Tuasivi  (backbone)  by  the  natives.  A  series  of 
craters  at  the  eastern  end  from  Mataolano  to  Cape  Tuasivi  suggests  a 
slightly  diverging  fissure  directed  a  little  to  the  east  of  south.  From  the 
central  mass  a  third  fissure  probably  runs  north  through  Pule  and  Matavanu 
to  the  coast  near  Safune,  there  being  in  the  latter  neighbourhood  an 
elevated  area  to  the  east  and  a  depressed  area  to  the  west  with  a  cliff 
which  seen  from  Matavanu  suggested  a  fault-scarp.  Friedlander,  who 
also  recognizes  the  above  structural  lines,  extends  the  latter  to  Taga  on 
the  south  coast,  and  mentions  also  that  there  are  smaller  north-south 
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fissures  on  the  crater  of  1902  in  addition  to  the  main  east-west  fissure, 
and  some  older  north-south  fissures  to  the  west  of  Toiavea. 

As  in  the  case  of  Kilauea  and  Mauna  Loa  in  Hawaii,  the  younger  lava- 
fields  of  Savaii,  though  bush-covered,  have  no  surface  streams  except  in 
flood-time.  The  readiness  with  which  the  pahoelioe  type  of  lava  cracks 
vertically  permits  rain-water  to  percolate  freely,  and  there  ordinarily  is 
no  run-off.  Certain  dry  watercourses  are  found,  which  are  termed  by 
the  Samoans  alia ,  of  which  the  largest  is  Alia  Sega,  on  the  north-east  side 
of  the  island.  Friedlander  describes  them  as  follows  :  “  While  on  the 

banks  of  the  alia  a  quite  thin  stratum  of  decomposed  rock  gives  enough 
food  for  a  high  forest,  in  the  bed  itself  the  fresh  surface  of  the  basalt  lava 
is  laid  open,  and  the  cake  formations  are  exposed.  As  the  lava  contains 
many  holes  and  fissures,  only  a  little  water  is  to  be  seen  for  long  stretches, 
with  the  exception  of  rare  waterholes,  but  immediately  after  heavy  rainfall 
some  of  the  alia  become  torrents.  This  is  proved  by  masses  of  boulders 
found  on  the  flatter  stretches.  Here  and  there  the  alia  have  been  used  as 
beds  by  new  lava-streams,  and  sometimes  one  finds  in  the  deeper-cut 
channels  sections  showing  old  river-boulders  below  fresh  lava.  The  alia 
form  relatively  comfortable  roads  in  the  primeval  forest,  because  they 
can  be  used  without  felling  any  trees.  But,  unfortunately,  their  course  is 
often  winding,  some  suddenly  end  in  crevasses  where  the  water  runs 
underground,  and  here  and  there  they  suddenly  stop  on  steep  cliffs  where 
good  structures  of  basaltic  columns  can  be  seen,  but  not  always  easily 
climbed  over.” 

The  older  volcanic  ground  is  more  deeply  weathered,  and  watercourses 
of  ordinary  type — i.e.,  mostly  young  mountain-torrents  with  a  bed  of 
rounded  basalt  boulders— are  well  developed.  The  soil  is  generally  red, 
and  at  times  fairly  deep,  but  is  never  free  from  basalt  boulders,  the 
unwTeathered  residuals  of  the  blocks  into  which  the  lavas  are  divided  by 
joint-planes,  and  there  is  no  extensive  area  of  ploughable  land,  either  in 
Savaii  or  Upolu.  There  are  in  Savaii  only  a  few  inland  villages,  all  on 
such  land,  and  the  majority  of  the  villages  lie  on  coastal  plains  of  coral 
sand.  Except  to  the  inland  villages,  roads  or  tracks  to  the  interior  are 
rare.  R.  Williams  made  a  crossing  of  the  island  in  1907  from  Matautu, 
on  the  north  coast,  to  Tufu,  on  the  south,  his  route  crossing  the  Tuasivi  (or 
backbone)  ridge  to  the  east  of  the  highest  point.  Friedlander  later  made 
his  way  along  the  Tuasivi  from  the  western  to  the  eastern  end. 

The  western  part  of  the  Tuasivi  chain  from  near  Falealupo  to  Mauga 
Afi  contains,  according  to  Friedlander,  many  w7ell-preserved  volcanic  cones 
of  slags  and  cinders,  and  both  these  and  the  black  basalt  lava  on  the  coast 
are  covered  with  a  poor  vegetation.  The  poverty  of  the  vegetation  may 
be  ascribed  partly  to  the  relative  dryness  of  this  part  of  the  island,  but 
is  certainly  also  an  index  of  the  youth  of  the  volcanic  formations. 

The  central  part  of  the  Tuasivi,  to  the  south-east  of  Mauga  Afi,  is 
never  visited  by  the  natives,  owing  to  the  lack  of  water  and  the  difficulty 
of  the  country.  Friedlander  marched  about  6 \  km.  in  a  day  of  eight 
hours  (excluding  rests).  The  cones  are  composed  of  cinder  and  do  not 
hold  water,  and  they  are  separated  by  old  lava-fields,  the  surfaces  of 
which  are  very  uneven,  despite  the  dense  primeval  forest.  Views  of  even 
the  small  cones  cannot  be  obtained  without  felling  trees.  The  highest 
summit  was  ascended  by  Friedlander,  and  named  Mauga  Hertha,  and  has  an 
altitude  of  1,858  metres  (6,096  ft.).  The  view  from  here  showed  numerous 
small  cones,  30  m.  to  100  in.  high,  and  very  generally  horseshoe-shaped. 
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Evidently  at  first  ashes  and  slags  were  ejected,  and  later  lava  poured  out 
at  one  side.  Each  new  eruption  found  a  fresh  outlet  and  built  a  new 
cone.  This  agrees  closely  with  the  conditions  found  on  Mauna  Loa  in 
Hawaii .  , 

Farther  to  the  east  the  heights  decrease  slowly,  the  river-courses  become 
wider  and  deeper,  and  the  quantity  of  water  increases  considerably.  The 
numerous  small  cones  are  so  low  as  hardly  to  be  seen  in  the  bush  until  one 
is  at  their  foot.  An  exception  is  Toiavea,  1,066  m.  (3,493  ft.),  which  rises 
200  m.  (656  ft.)  on  the  west  and  300  m.  (984  ft.)  on  the  east  above  its  base, 
and  consists  of  a  steep  cone  of  slag  and  lava,  with  an  angle  of  40°.  The 
walls  of  the  crater  on  the  east  and  west  sides  are  somewhat  crumbled,  so 
that  the  hill,  seen  from  the  north-west  or  the  south-east,  appears  to  have 
two  summits.  It  is  a  well-known  landmark  to  the  Samoan  sailor.  In  the 
lava  on  its  western  slopes  there  are  several  deep,  gaping  fissures  and  two 
lava-tunnels. 

About  2  km.  south  from  Toiavea  is  a  small  well-preserved  crater, 
occupied  by  a  round  lake,  Mataulanu.  The  crater- walls  rise  about  40  m. 
(130ft.)  above  the  level  of  the  lake  and  a  little  more  above  the  surrounding 
country.  They  consist  of  well -weathered  ashes  and  slags,  which  are  on 
that  account  impermeable.  Lake  Mataulanu  is  accessible  by  track  from 
the  inland  village  of  Tapueleele,  in  the  Fa’asalele’aga  district.  Other 
conspicuous  cones  in  this  neighbourhood  are  Matofa  and  Olomanu. 

Among  the  cones  to  the  south  of  Toiavea  the  most  noteworthy  is 
Mafana,  which  rises  from  a  base  of  600  m.  (1,968  ft.)  to  a  height  of  971  m. 
(3,186  ft.).  The  crater  is  about  80  m.  (262  ft.)  to  90  m.  (295  ft.)  below 
the  rim,  and  its  bottom  is  round,  very  flat  and  rather  swampy,  and  has 
a  diameter  of  about  350  m.  (382  yards).  From  it  block  lava  (aa)  flowed 
out  to  the  east.  The  mountain  itself  is  densely  wooded. 

On  the  south  coast  there  are  large  very  fresh-looking  lava-fields  near 
Taga  and  between  Nu’u  and  Tufu,  which  appear  to  have  come  from  small 
cones  in  this  neighbourhood.  Some  old  Samoan  songs  are  said  to  refer 
to  these  eruptions. 

The  Peninsula  of  Tafua,  on  the  south-east  corner  of  Savaii,  bears  a 
small  group  of  volcanoes  of  about  200  m.  (656  ft.)  in  height,  some  of 
which  have  well-preserved  craters,  and  one  particularly  well  so.  Its  outer 
slopes  are  made  of  well-stratified  submarine  tuff,  which  has  evidentlv  been 
elevated,  but  the  inner,  almost  vertical,  walls  of  the  crater  consist  of  thin 
stratified  lavas  of  a  thickness  of  only  10  cm.  to  30  cm.  At  the  bottom, 
which  is  only  a  few  feet  above  sea-level,  there  is  the  entrance  of  a  lava- 
tunnel.  On  the  north-eastern  side  of  the  peninsula  there  is  a  lava-field, 
densely  wooded,  but  still  too  recent  to  be  cultivated. 

On  the  northern  side  of  the  Tuasivi  lie  the  historic  fields  already 
mentioned,  and  south-east  of  the  Matavanu  field  is  the  relativelv  new 
lava-field  of  Lealatele.  It  bears  timber  of  considerable  size,  but  there 
is  very  little  soil,  and  the  ropy  surface  of  the  lava  is  still  well  preserved. 

A  few  specimens  of  the  prehistoric  lavas  of  Savaii  have  been  petro- 
graphically  examined  by  Jensen  and  Weber.*  All  the  rocks  belong  to  the 
basalts,  except  two  described  by  Weber.  One,  from  the  Sili  stream,  is  a 
phonolite  with  well-marked  phenocrysts  of  sanidine  in  a  fine-grained  green 
base  consisting  of  sanidine  laths  with  prisms  of  aegirino,  hauyne,  and  a 


*  Weber  mentions  also  descriptions  by  Mohle,  Kaiser,  and  Klautsch,  but  I  have  not 
been  able  to  consult  their  papers. 
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nepheline  (the  latter  chemically  identified),  sparing  grains  of  iron-ore  and 
a  few  flakes  of  a  mineral  believed  to  be  aenigmatite.  The  other,  from  the 
same  district,  but  nearer  the  coast,  is  a  nepheline  basanite,  with  large 
olivine  crystals  in  a  groundmass  showing  intersertal  structure,  composed 
of  plagioclase  and  violet  titaniferous  augite,  octohedral  iron-ores,  biotite 
flakes,  and  a  colourless  groundmass  which,  is  determined  as  nepheline  on 
micro  chemical  grounds. 

The  basalts  are  :  Hyalopilitic  and  porphyritic  olivine  basalt  (Jensen) 
from  Manase,  near  Safotu,  and  from  Patamea  ;  pilotaxitic  olivine-enstatite 
basalt  (Jensen)  from  Vaipuli,  near  Matauto  ;  feldspar  basalt  (Weber)  from 
Olonono,  Mauga  Loa  (very  rich  in  olivine),  from  Matautu  (glassy,  with  large 
olivines),  from  Tapueleele  (porphyritic,  with  large  olivines),  and  from  Tafua 
(porphyritic,  with  large  olivines).  The  presence  of  large  phenocrysts  of 
olivine  and  the  more  or  less  titaniferous  character  of  the  augites  in  the 
groundmass  seem  to  be  characteristic  features  of  the  basalts  of  Savaii. 

Apolima. 

The  small  island  of  Apolima,  about  half-way  between  Savaii  and 
Upolu,  has  a  narrow  and  tortuous  entrance  to  its  boat-harbour,  only 
passable  by  a  launch  in  very  fine  weather,  which  unfortunately  did  not 
prevail  when  I  proposed  to  visit  it.  The  following  information  is  derived 
from  Friedlander’s  account.  The  island  has  steep  profiles,  and  forms  a 
single  crater-wall  open  to  the  north.  The  bottom  of  the  crater  is  only  a 
few  metres  (6-14)  above  sea-level,  and  slopes  gradually  northwards  towards 
a  small  bay  closed  outside  by  a  coral  reef. 

The  inner  slopes  of  the  wall  slope  at  an  angle  of  30°  to  40°,  but  the 
outer  slopes  are  considerably  steeper  (about  60°).  They  are  formed  of  a 
compact  brown  palagonite  tuff  similar  to  that  of  Tafua,  and  apparently 
of  submarine  origin,  since  it  contains  fragments  of  coral  and  marine 
molluscs.  The  tuff  contains  many  boulders  of  lava — some  quite  massive, 
others  porous.  Friedlander  surmises  that,  from  the  fact  that  the  crater 
is  open  to  the  north,  some  lava  issued  on  this  side  and  is  below  sea-level. 

Owing  to  the  impervious  nature  of  the  tuff,  the  island  has  continuously 
running  springs  and  a  small  stream  draining  to  the  north  across  the 
bottom  of  the  crater.  It  is  this  fact  which  renders  the  island  habitable. 

Weber  describes  the  tuff  as  palagonite ,  the  glass  lapilli  being  penetrated 
by  pores  filled  with  zeolites,  calcite,  and  some  sideromelane.  There  are 
inclusions  of  large  olivines  and  microlites  of  augite,  but  no  iron-ores,  and 
lapilli  of  basaltic  nature.  A  dense  brownish  stone,  evidently  one  of  the 
massive  boulders  mentioned  by  Friedlander,  is  described  as  a  nepheline 
basalt,  with  large  phenocrysts  of  rounded  and  somewhat  serpentinized 
olivine  in  a  groundmass  consisting  of  brown  titaniferous  augite,  some 
biotite  and  iron-ores,  a  few  needles  of  apatite,  and  much  nepheline. 

Manono. 

The  small  island  of  Manono,  70  m.  (230  ft.)  high,  lies  between  Apolima 
and  Upolu,  and  is  within  the  barrier  reef  called  Aana,  which  lies  off  the 
western  end  of  the  latter  island.  There  are  two  outlying  rocks,  one  of  which, 
Nulopa,  lying  to  the  west,  contains,  according  to  Friedlander,  a  lava-tunnel 
opening  at  sea-level.  Manono  contains  no  crater,  and  has  a  rounded  top. 
The  steepest  slopes  are  to  the  north-east,  and  the  island  runs  out  very 
flat  to  the  south-west.  This  part  is  mostly  composed  of  coral  sand,  with 
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only  occasional  outcrops  of  very  vesicular  basalt.  The  rock  nearer  the 
summit  is  more  massive,  but  is  fairly  decomposed.  There  appear  to  be 
no  valleys,  and  the  few  springs  found  are  brackish.  No  petrographical 
examination  of  the  rocks  has  been  made. 

Upolu. 

Like  Savaii,  the  Island  of  Upolu,  from  the  disposition  of  its  craters  and 
summits,  appears  to  be  dominated  by  a  longitudinal  fissure  from  a  little 
north  of  east  to  a  little  south  of  west.  Very  little  information  as  to  its 
geology  has  been  put  upon  record,  and  Friedlander  does  not  appear  to 
have  traversed  the  interior,  nor  can  I  add  much  information  except  as 
to  the  coasts 

Friedlander  practically  limits  his  observations,  so  far  as  the  volcanic 
rocks  are  concerned,  to  the  statements  that  in  the  western  part  there  are 
a  series  of  eruption-cones,  more  or  less  well  preserved,  and  the  lava  on 
the  coast  sometimes  looks  as  if  it  were  recently  formed,  while  that  in  the 
bush  sometimes  reveals  itself  as  cake  lava  (pahoehoe)  or  block  lava  (act), 
and  lava-tunnels  are  well  preserved  east  of  Luimu,  but  the  greater  age 
of  the  volcanic  formations  as  a  whole  is  shown  by  the  greater  erosion 
and  the  abundance  of  water.  The  originally  porous  lava  has  become 
impermeable  to  water  owing  to  decomposition,  and  only  round  boulders, 
peeling  at  the  surface  like  the  skin  of  an  onion,  remain  in  a  lateritic  or 
clayey  ground.  The  greater  development  of  coral  reefs,  which  become 
interrupted  by  being  overflowed  by  lava  as  at  Matavanu,  also  shows  the 
greater  age  of  the  Upolu  volcanics. 

The  western  end  of  Upolu  is  dominated  by  Tofua,  a  well-shaped  volcano 
669  m.  (2,195  ft.)  in  height,  and  containing,  so  I  was  informed,  a  crater. 
On  its  slopes  there  are  a  number  of  smaller  cones.  At  its  north-eastern 
foot  lies  the  coconut  plantation  of  Le  uio  sao  va,  near  Mulifanua.  Here 
the  rock,  a  fairly  weathered  vesicular  basalt,  similar  to  that  of  Manono, 
opposite,  lies  everywhere  near  the  surface.  The  ground  is  very  gently 
undulating,  and  might  well  have  been  formed  by  an  extensive  pcthoehoe 
flow.  Ofalau  Hill  is  composed  of  a  lighter-coloured,  finer-grained,  and  less- 
vesicular  rock. 

Along  the  south  coast  of  Upolu  the  barrier  reef  fails  except  across  a 
few  harbours,  and  what  reef  there  is  is  fringing.  There  are  several  steep 
promontories  of  volcanic  rocks,  which  render  travel  along  the  shore  from 
bay  to  bay  very  arduous.  The  bays  have  generally  low,  flat  shores  of  coral 
sand  or,  in  the  case  of  Salani,  basalt  gravel,  and  the  hills  in  the  background 
are  well  eroded.  Such  rock  as  was  seen  in  situ  in  the  bays  appeared  to 
be  basalt. 

The  Aliepata  district,  at  the  east  end  of  Upolu,  is  also  mainly  a  coral- 
sand  district,  with  lava  showing  here  and  there.  There  are  several  out¬ 
lying  islets,  one  of  which  at  least,  Namua,  is  composed  of  a  well-bedded 
tuff,  possibly  submarine,  since  it  contains  remains  of  corals. 

The  north-eastern  coast  is  marked  by  several  deep  harbours,  with  rCefs 
not  barring  the  entrance,  but  following  round  the  sides  of  the  harbours  a 
short  distance  from  the  land,  and  furnishing  boat-harbours.  Uafata  Bay 
is  steep-walled,  and  has  a  strong  creek,  which  has  brought  down  to  the 
beach  a  great  variety  of  rocks,  mostly  or  all  of  basaltic  types.  Fangaloa 
Bay  is  also  enclosed  by  steep  walls,  upwards  of  1,000  ft.  high,  the  watershed 
appearing  nowhere  to  be  more  than  three-quarters  of  a  mile  from  the 
shores.  There  are  several  beautiful  high  waterfalls,  which  in  spite  of  the 
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very  small  catchment  area  behind  them  are  said  to  persist  all  the  year 
round,  a  tribute  to  the  high  and  steady  rainfall  of  this  part  of  Samoa. 
The  three  falls  on  the  east  side,  above  the  village  of  Lono,  are  all  from 
hanging  valleys  of  about  the  same  height,  300  ft.  or  400  ft.,  probably  hung 
on  a  hard  lava-bed.  That  behind  Masina  is  at  a  higher  level,  about  500  ft. 
A  still  higher  fall  lies  behind  Salimu.  There  is  considerable  variety  of 
rock  in  the  shore  exposures  and  the  beach  boulders.  At  Samanea  there 
is  a  dense  basalt  dyke  through  a  coarser  and  lighter  rock  of  andesitic 
appearance.  The  point  at  the  west  end  of  Masina  Village  is  composed 
of  a  coarse  picritic  basalt,  very  similar  in  appearance  to  that  described  by 
Cross  from  Haleakala,  in  Maui,  Hawaiian  Islands.  The  beach  boulders 
include,  besides,  dense  basalts  and  a  highly  feldspathic  type.  At  Salimu 
some  of  the  beach  boulders  are  zeolitized. 

Falifa  Bay  is  not  so  steep- walled,  and  receives  on  its  south  side  a  fairly 
large  river,  falling  over  a  low  but  wide  waterfall.  This  river  appears  to 
drain  an  extensive  flat  plain  behind,  which  I  am  informed  is  very  steep- 
walled,  and  is  possibly  a  very  large  crater.  If  so,  it  rivals  Haleakala  in 
size,  and  is  one  of  the  largest  craters  of  the  world.  The  attention  of  future 
visiting  geologists  may  be  directed  to  the  desirability  of  confirming  or 
disproving  this  information. 

The  upper  parts  of  the  numerous  creeks  on  TJpolu  are  noted  for  their 
waterfalls,  and  probably  present  good  sections  of  the  rocks.  The  only  one 
I  had  an  opportunity  to  examine  was  Leapuna  Creek,  near  Falemauga, 
a  locality  supposed  to  be  a  likely  place  for  gold.  The  creek  flowed  in  a 
steep  gorge,  and  contained  nothing  but  basalt  boulders.  The  walls  were 
composed  of  fairly  fine-grained  basalt,  separated  by  a  thin  layer  of  red 
clayey  rock,  which  appeared  to  represent  an  old  erosion  surface.  There 
is  said  to  be  much  red  clay  in  the  neighbourhood  of  Lanoto’o,  a  high  crater- 
lake  to  the  south-west  of  Apia. 

The  relatively  flat  and  fertile  country  between  Apia  and  Mulifanua 
looks  from  the  distance  as  if  it  were  composed  of  sedimentary  or  alluvial 
rocks  or  volcanic  ash,  and  Friedlander  states  that  ash  enters  into  its 
composition.  I  cannot  believe,  however,  that  there  is  any  extent  of  ash- 
beds,  since  I  am  informed  that  there  is  no  extent  of  ploughable  land 
suitable  for  sugar-growing,  and  this  would  certainly  be  expected  if  such 
flat  ground  were  composed  mainly  of  this  material. 

Very  few  of  the  lavas  of  Upolu  have  been  examined  petrographicaliy. 
Jensen  describes  only  two,  an  olivine  basalt  from  Vailima  Plantation,  and 
an  olivine  basalt-porphyrite  from  Papaseea  Falls,  both  near  Apia.  Weber 
describes  feldspar  basalts  (with  olivine)  from  the  Tapatapa  Boad  and  from 
Malata,  trachydolerite  from  six  miles  south  of  Apia,  and  nepheline  basanites 
from  Fale  o  le  Fee  and  Suionu.  He  mentions  determinations  by  Mohle 
of  limburgite  from  Malifa  Bathing-pool  and  from  Vailee,  and  plagioclase 
basalts  from  these  and  many  other  places. 

Lava-tunnels  and  Water-supply. 

The  formation  of  lava-tunnels  in  the  Matavanu  eruption  has  already 
been  mentioned.  Such  tunnels  are  a  characteristic  of  basaltic  eruptions 
of  the  Kilauea  type,  and  have  an  almost  circular  cross-section  while  the 
flow  is  active,  but  when  the  supply  of  lava  ceases  that  in  the  tunnel  drains 
out,  leaving  only  a  little  in  the  bottom,  so  that  a  cooled  tunnel  has  an 
almost  circular  section  except  for  a  flat  bottom.  In  any  tunnel  the  height 
and  breadth  are  remarkably  constant,  except  when  branching  takes  place. 
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Hanging  from  the  roof  may  often  be  observed  stalactites,  which  are  com¬ 
posed  of  re-fused  lava  fluxed  by  the  burning  of  the  inflammable  gases 
discharged  from  the  lava  flowing  below,  and  young  tunnels  also  have 
stalactites  on  the  walls,  and  coatings  of  soluble  salts,  chiefly  sulphates. 

The  presence  of  such  hollow  spaces  would  lend  themselves  admirably 
to  ore-deposition  if  the  rocks  enclosing  them  either  contained  the  more 
valuable  metals  in  sufficient  quantity,  or  the  area  came  later  under  the 
influence  of  metallogenetic  gases  or  solutions.  In  discussing  this  aspect 
with  I)r.  Jaggar,  of  Kilauea,  he  surmised  that  the  lava-tunnels  were  not 
very  permanent  features,  and  were  probably  filled  with  lavas  from  later 
eruptions,  giving  rise  to  intrusive  bodies  of  pipe-like  form.  In  Samoa, 
however,  this  does  not  seem  to  have  been  the  case,  and  in  the  extinct 
lava-flows,  both  of  Savaii  and  Upolu,  lava-tunnels  are  of  fairly  frequent 
occurrence.  They  have,  however,  been  considerably  modified  by  the 
falling-in  of  rock  from  the  roof  and  sides,  and  have  lost  their  original 
nearfy  circular  and  very  regular  cross-section. 

I  examined  an  old  tunnel  at  Falemauga,  Upolu,  a  plantation  about  ten 
miles  south  of  Apia,  and  about  1,300  ft.  above  sea-level.  The  rock  is  a 
scoriaceous  basalt  with  the  typical  pahoehoe  type  of  vesiculation,  and  is 
densely  wooded,  with  a  fair  soil.  The  tunnel  is  approached  by  a  downbreak 
in  its  course,  and  lies  20  ft.  to  30  ft.  below  the  surface.  It  can  be  followed 
to  the  south  for  a  few  yards  only,  but  to  the  north  for  about  500  yards, 
when  it  is  finally  blocked  by  a  large  downfall  from  the  roof.  The  tunnel 
is  no  longer  in  a  primitive  state,  owing  to  the  falling-in  of  the  roof  and 
sides,  and  varies  from  20  ft.  to  30  ft.  in  width,  and  in  height  from  5  ft. 
to  25  ft.  Nowhere  do  the  roof  and  sides  seem  to  be  the  original  ones, 
and  lava  stalactites  are  absent.  There  are,  however,  small  stalactites,  lin. 
to  2  in.  long,  of  a  soft  white  earthy  material,  evidently  arising  from  the 
weathering  of  the  superincumbent  rock. 

There  are  features  of  historical  interest  attaching  to  this  and  other 
Samoan  lava-tunnels.  The  fallen  rock  has  all  been  carefully  stacked  into 
terraces  about  the  size  of  a  single  or  double  bedstead,  generally  on  each 
side  with  a  pathway  in  the  middle.  The  floors  of  the  terraces  are  composed 
either  of  large  flat  stones  carefully  bedded  in  or  of  quite  small  material, 
so  that  with  mats  they  would  be  as  comfortable  to  sleep  on  as  the  floor  of 
an  ordinary  Samoan  fcde.  Besides  the  evidence  of  human  workmanship 
in  the  building  of  the  terraces  I  found  rare  fragments  of  very  tender  marine 
shells  and  of  charcoal,  while  the  former  German  owner  of  the  plantation, 
Herr  Schroder,  obtained  at  least  three  stone  adzes  from  the  tunnel,  which 
he  left  behind,  carefully  labelled,  in  his  house.  I  estimated  that  at  least 
one  hundred  Samoans  could  have  slept  in  the  cave.  The  length  of  time 
that  has  elapsed  since  the  occupation  is  shown  by  the  fact  that  many  of  the 
terraces  are  now  quite  uninhabitable  owing  to  drips  from  the  roof,  and  are 
covered  with  a  deep  red  slime,  which  has  obviously  come  from  the  roof. 
Quite  probably  this  tunnel  was  used  as  a  hiding-place  during  the  Tongan 
wars. 

Yon  Bulow  describes  what  must  have  been  a  similar  occupation  of  a 
lava-tunnel  near  Paia,  an  inland  village  on  the  northern  side  of  Savaii. 
This  "tunnel  is  known  as  o  le  ana  o  le  nuu  le  tau  (the  cave  of  the  non¬ 
fighting  tribe).  During  the  war  of  the  rest  of  the  island  with  Safune  ( taua 
o  le  faitasiga  a,  Safune),  about  the  end  of  the  eighteenth  century,  the  tunnel 
was  used  as  a  refuge,  and  taro  and  banana  were  stored  there.  The  tunnel 
is  described  as  being  7  m,  broad  by  5  m.  high. 
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A  village  famous  for  its  lava-tunnels  in  an  old  lava  is  Tapueleele ,  situated 
about  three  miles  inland  in  the  Fa’asalele’aga  district,  on  the  east  side  of 
Savaii,  at  a  height  of  160  m.  (525  ft.)  above  sea-level.  One  of  these  tunnels 
has  evidently  fallen  in  for  some  distance,  and  forms  the  bed  of  a  stream, 
which,  followed  up,  ends  abruptly  in  the  tunnel.  The  mouth  is  occupied 
by  a  deep  pool,  through  which  one  must  swim  before  entering  the  tunnel, 
and  I  did  not  explore  it.  Another  is  approached  by  a  short  deep 
downbreak  through  over  50  ft.  of  rock,  and  is  of  large  dimensions,  with  a 
height  of  over  20  ft.  in  places.  The  floor  is  strewn  with  fallen  blocks,  and 
the  walls  and  sides  are  quite  irregular  in  shape.  This  tunnel  is  used  as  a 
nestmg-place  by  an  indigenous  swift  (peapea),  which  rests  on  the  walls  high 
up,  and  gives  its  name  to  the  cave,  and  by  a  bat,  which  lives  there  in 
hundreds.  The  floor  is  covered  by  a  deposit  of  a  sort  of  guano,  composed 
largely  of  wing-cases  and  other  chitinous  remains  of  insects  and  of  feathers. 
The  same  swift  (peapea)  also  nests  in  the  short  end  of  the  tunnel  at  Fale- 
mauga.  Friedlander  mentions  that  at  Tapueleele  there  are  two  tunnels, 
one  above  the  other,  apparently  in  the  same  lava-field. 

There  is  stated  to  be  a  lava-tunnel  in  Tofua  descending  to  the  sea  in 
the  direction  of  Apolima,  and  another  on  the  rock  Nulopa,  near  Manono, 
directed  towards  Tofua,  and  it  is  popularly  believed  that  these  are  one  and 
the  same,  and  that  there  is  an  underground  passage  between  the  two  places. 
As  lava-tunnels  can  exist  only  within  lava-fields,  this  would  necessitate  a 
lava-field  connecting  the  two  places,  and  as  lava,  like  water,  always  descends 
in  its  progress,  a  continuous  tunnel  of  the  kind  is  manifestly  impossible. 
Presumably  the  rock  underlying  the  Apolima  Strait  is  the  palagonite  tuff 
seen  in  Tafua  and  Apolima. 

At  Safune,  on  the  north  side  of  Savaii,  there  is  a  lava-tunnel  which 
has  a  downbreak  a  short  distance  from  the  sea  and  lies  only  a  few  feet 
below  the  surface.  Here  on  the  seaward  side  there  is  a  pool  of  fresh  water 
which  is  affected  in  height  by  the  tides.  The  tunnel  also  opens  at  the 
seaside  a  few  feet  below  the  surface  and  gives  rise  to  a  bathing-pooi  there 
which  is  fresh  at  low  tide. 

Similar  bathing-pools  amongst  the  rocks,  sometimes  not  open  to  the 
sea  and  sometimes  open  on  the  seaward  side,  are  common  all  around  the 
coasts  of  Savaii  and  Upolu.  In  some  cases  these  may  mark  the  outlet  of 
a  lava-tunnel,  as  at  Safune,  but  a  more  general  explanation  seems  necessary 
to  explain  their  abundance.  Inland  the  level  of  the  ground-water  may 
be  fairly  deep,  owing  to  the  jointed  and  cracked  nature  of  little-altered 
lavas,  but,  of  course,  the  level  must  rise  nearer  the  surface  as  sea-level  is 
approached,  since  it  must  always  be  higher  than  sea-level  except  at  the  very 
coast-line.  In  country  with  little  run-off,  but  a  high  rainfall,  the  discharge 
of  water  by  underground  percolation  to  the  sea  must  be  very  great  ;  con¬ 
sequently  it  is  not  surprising  to  find  numerous  and  strong  springs  appearing 
on  the  coast  at  about  sea-level. 

There  is  no  doubt,  however,  that  lava-tunnels  must  very  frequently 
be  occupied  by  underground  streams  and  carry  off  a  great  deal  of  water 
which  otherwise  would  move  seaward  in  some  porous  layer  underlain  by 
impervious  rock  or  as  ground-water.  The  presence  of  such  underground 
streams  would  tend  to  depress  locally  the  level  of  the  ground-water,  and 
their  existence  renders  problems  of  underground  water-supply  more  difficult 
than  would  otherwise  be  the  case. 

A  feature  of  the  streams  of  Upolu,  which  has  been  very  generally 
remarked  upon  by  writers  on  Samoa,  is  that  there  is  generally  much  more 
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water  in  the  upper  reaches  than  near  the  mouth.  The  explanation  pre¬ 
sumably  lies  in  the  abundance  of  relatively  young  lavas,  which  are  not 
rendered  impervious  by  weathering  and  the  production  of  clayey  substances 
along  their  joint-planes,  as  is  the  case  in  older  lavas,  and  which  allow  water 
to  percolate  freely  owing  to  the  abundance  of  vertical  cracks  and  horizontal 
hollows  which  are  general  features  of  recently-cooled  pahoehoe  lavas. 

Volcanic  Rock-types  and  Mineral  Resources  of  Samoa. 

It  will  not  be  out  of  place  here  to  give  a  list  of  all  the  rock-types 
described  from  the  Samoan  Islands. 

Savaii :  Olivine  basalt,  olivine  -  enstatite  basalt,  olivine  tachylite, 
nepheline  basanite,  phonolite. 

Apolima  :  Nepheline  basalt. 

Upolu :  Limburgite,  olivine  basalt,  olivine  basalt-porphyrite,  trachv- 
dolerite,  nepheline  basanite. 

Tutuila  :  Limburgite,  olivine  basalt,  andesitic  basalt,  spilite,  nephe 
line  basanite,  trachydolerite,  nepheline  basanite,  trachyte,  alkali 
trachyte,  phonolitic  trachyte. 

Aunuu  :  Trachydolerite. 

Ofu  :  Olivine  basalt. 

Olosega  :  Olivine  basalt. 

Tau  :  Olivine  basalt. 

Previous  to  Weber’s  examination  of  Friedlander’s  material  only  basalts 
and  limburgite  were  known.  The  olivine  basalts  are  by  far  the  most  abun¬ 
dant  rocks,  and  these  are,  of  course,  rocks  undersaturated  in  silica.  A  further 
degree  of  undersaturation  leads  to  the  development  of  some  nepheline, 
often  determinable  only  by  microchemical  examination,  and  the  rock  is 
then  classed  as  a  nepheline  basanite  or  a  nepheline  basalt.  Only  a  few 
rocks  are  saturated  in  silica,  the  trachytes.  As  in  the  Hawaiian  Islands, 
the  trachytes  and  nepheline  basanites  may  be  regarded  as  in  part  compli¬ 
mentary  differentiation  products  of  the  basalt  magma.  Chemical  study  of 
the  various  rock-types  is  necessary  before  this  subject  can  be  pursued 
further.  Hobein’s  analyses  of  Tutuila  rocks,  published  by  Weber,  are  much 
too  incomplete  to  serve  this  purpose. 

The  presence  of  trachytes  in  Tutuila  leads  one  to  expect  that  these  rocks 
may  be  discovered  in  Upolu  also.  This  may  some  day  have  an  economic 
significance,  for  it  has  been  found  in  Maui,  Hawaiian  Islands,  that  by  using 
suitable  quantities  of  a  trachyte,  combined  with  more  basic  rocks,  cement  of 
quite  good  quality  can  be  manufactured,  the  lime  being  obtained  from  coral- 
reef  detritus.  The  trachytes  supply  the  necessary  silica.  In  vieAv  of  the 
abundance  of  limestones  and  claystones  in  Fiji,  however,  it  is  doubtful 
if  Samoa  could  ever  compete  with  it  even  in  making  cement  for  local  use. 

Young  basalts  and  their  associates  are  practically  never  the  country  of 
mineral  deposits.  In  Fiji  there  are  large  fields  of  Tertiary  andesites  con¬ 
taining  copper  minerals  and  gold.  Similar  andesites  may  underlie  the 
basalts  of  Upolu,  and  would,  if  found,  be  worth  searching  for  minerals ; 
but  the  general  similarity  of  Samoa  to  the  Hawaiian  Islands  in  age,  struc¬ 
ture,  and  types  of  volcanic  rock  does  not  point  in  this  direction.  Quartz 
is  one  of  the  rare  minerals  in  Hawaii. 

No  study  of  the  lateritic  soils  of  Samoa  has  been  made,  and  typical 
laterites  are  unknown.  It  is  possible  that  bauxitic  laterites  of  value  as 
sources  of  aluminium  may  be  discovered,  but  it  must  be  remembered  that 
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lateritization  is  only  possible  on  a  land-surface  approaching  penep]anation, 
an  extremely  local  condition  in  a  young  volcanic  island. 

The  following  is  the  list  of  the  minerals  recorded  from  Western  Samoa, 
the  majority  being  determined  microscopically  in  the  course  of  petrographic 
study  of  the  rocks  :  Aegirine,  aenigmatite,  augite  (and  titaniferous  augite), 
apatite,  aragonite,  biotite,  bronzite,  calcite,  chlorite,  enstatite,  feldspars 
(bytownite,  labradorite,  orthoclase,  and  sanidine),  gypsum,  haiiyne,  kaolin, 
magnetite  (and  titaniferous  magnetite),  nepheline,  olivine,  opal,  serpentine, 
and  sulphur. 

Sedimentary  Rocks  and  Coral  Reefs. 

Coral  reefs,  mostly  of  the  barrier  type,  are  well  developed  in  Samoa, 
but  by  no  means  form  continuous  girdles  to  the  islands.  The  reefs 
are  interrupted  by  passages  opposite  every  important  stream,  no  doubt 
primarily  owing  to  the  deleterious  effect  of  fresh  water  on  the  coral 
organisms.  It  is  generally  assumed  locally  that  the  absence  of  a  reef  and 
the  presence  of  an  “iron-bound”  coast  is  an  index  of  the  recent  volcanic 
character  of  the  coast  rock.  This  is  certainly  true  in  many  parts  of  Savaii, 
but  is  by  no  means  always  the  case  in  Upolu.  The  height  of  the  cliffs  on 
many  promontories  alone  shows  a  considerable  geological  age,  if  the  forma¬ 
tion  of  the  cliffs  is  due  to  wave-cutting  alone.  Drowning  of  the  coasts  by 
depression  and  downfaulting  of  parts  of  the  coast,  carrying  the  reefs  down 
with  them,  and  depressing  the  shore  platform  below  the  depth  at  which 
reef-building  corals  can  grow,  are  probably  important  causes  of  many  of  the 
steep  coasts  not  bordered  by  reefs.  Downfaulting  seems  the  best  explana¬ 
tion  of  the  steep- walled  harbours  like  Fagaloa  Bay,  which  shows  soundings 
of  40  fathoms  at  its  mouth  ;  the  absence  of  valleys  behind  precludes  an 
explanation  of  the  harbour  as  a  simple  drowned  valley,  and  there  are  no 
crater-like  features. 

Along  the  lower  coasts  of  the  islands  bordered  by  barrier  reefs  there 
are  stretches  of  country  where  a  thin  level  layer  of  coral  sand  covers  an 
uneven  surface  of  volcanic  rock.  The  beaches  of  the  bays  are  composed 
of  sand,  with  volcanic  rocks  outcropping  at  the  points.  These  coral-sand 
coastal  plains  form  the  well-populated  districts,  such  as,  to  name  only  some 
of  those  I  saw,  Salealua  (Matautu)  and  Fa’asalele’aga  in  Savaii,  Aleipata 
and  Salufata  in  Upolu.  An  elevation  of  the  shoreward  part  of  the  lagoon 
might  have  given  rise  to  such  coastal  plains ;  but  this  cannot  have  taken 
place,  since  the  reef  itself  is  not  raised,  and  could  hardly  everywhere  have 
been  cut  down  by  wave-action.  Islets  within  the  lagoon  would  certainly  be 
abundant.  Friedlander  suggests  that  the  coral  sand  has  been  blown  inland 
by  the  wind.  The  narrowness  of  the  sand-plains  and  their  constant 
proximity  to  the  sand-beaches  are  in  accord  with  this  hypothesis.  Two 
difficulties  are  that  there  are  rarely,  if  ever,  any  sand-dunes,  and  that  I 
never  once  observed  the  wind  raising  the  sand  on  the  beaches.  Tidal  waves 
might  play  a  part  in  transporting  the  sand,  but  they  would  need  to  be  at 
least  6  ft.  high,  since  the  sand-plain  is  generally  this  height  above  sea-level. 
The  tidal  waves  recorded  at  Matautu  by  Mr.  Williams  in  1906  and  1907 
during  the  Matavanu  eruptions  reached  as  much  as  10  ft.  or  12  ft.,  but 
seldom  coincided  with  high  tide.  They  were  felt  at  Apia,  but  did  not 
there  exceed  1  ft. 

A  peculiar  beach-formation  is  often  seen  along  such  sand-beaches,  con¬ 
sisting  of  a  well-stratified  limestone,  following  in  strike  the  curve  of  the 
beach,  and  dipping  at  about  the  same  angle  as  the  beach  seaward  (fig.  2). 
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The  outcrops  of  these  rocks  often  lie  a  few  yards  seaward  of  the  present 
beaches,  forming  a  sort  of  breakwater.  In  height  they  rarely,  if  ever, 
attain  the  height  of  the  beach  itself.  The  rock  is  a  cemented  coral  sand, 
and  is  generally  riddled  by  a  marine  worm. 

Further  Exploration. 

An  areal  geological  survey  of  Western  Samoa  would  not  be  justified 
at  the  present  time  on  economic  grounds.  A  physiographic  reconnaissance 
is,  however,  desirable  on  scientific  grounds  from  its  bearing  both  on  tropical 
erosion  forms  and  on  the  coral-reef  problem. 

Daly  has  described  raised  beaches  and  sea-caves  in  Tutuila,  and  their 
presence  or  absence  should  be  carefully  looked  for  in  Western  Samoa. 

A  collection  of  rock-specimens  from  various  localities  in  Upolu  was  made 
by  Mr.  F.  Woods,  of  the  New  Zealand  Geological  Survey  Office  staff,  while 


Fig.  2. — -Cemented  beach  deposit,  Fa’asele’aga  district,  Savaii. 


serving  in  the  army  of  occupation,  and  was  presented  by  him  to  the  Geo¬ 
logical  Survey.  A  further  collection  was  made  by  myself.  It  is  proposed 
to  have  these  rocks  petrographically  determined,  and  further  unweathered 
specimens  from  all  parts  of  the  islands  would  be  welcomed.  The  common 
basalts  are,  when  massive,  a  dark  blue-grey  on  fresh  surfaces.  Light-grey, 
white,  and  green  rocks  would  be  of  especial  interest,  as  they  might  prove 
to  be  andesites,  trachytes,  or  phonolites.  Any  such  specimens  should  be 
sent  to  the  Dominion  Museum,  Wellington. 
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POLYNESIAN  MNEMONICS. 

Notes  on  the  Use  of  the  Quipus  in  Polynesia  in  Former 
Times  ;  also  some  Account  of  the  Introduction  of  the 
Art  of  Writing. 

By  Elsdon  Best,  Dominion  Museum. 

It  is  not  generally  known  that  knotted  cords  were  employed  by  the 
Polynesians  in  pre-European  days  for  the  purpose  of  recording  tallies,  as 
in  the  Hawaiian  Isles,  and  also,  according  to  Maori  tradition,  for  sending 
messages.  The  term  “  Maori  ”  is  here  employed  as  denoting  the  native 
inhabitants  of  the  isles  of  New  Zealand  only.  We  have  but  little  data 
dealing  with  this  subject — naught,  indeed,  save  a  few  brief  allusions  in 
various  works.  We  are  told  that  knotted  cords  were  used  by  the  Hawaiian 
natives  in  pre-European  times  largely  for  tallying  food  products— that 
is,  for  arithmetical  purposes.  Turner,  in  his  work  on  Samoa,  writes  : 
“  Tying  a  number  of  knots  on  a  piece  of  cord  was  a  common  way  of 
noting  and  remembering  things,  in  the  absence  of  a  written  language, 
among  these  South-Sea-Islanders . ’ ’ 

The  word  quipu,  meaning  a  knot,  comes  from  an  Indian  tongue  of  Peru. 
It  is  pronounced  “  keepoo,”  the  orthography  being  Spanish.  This  system 
was  employed,  in  the  land  of  the  Incas,  principally  for  numerical  purposes. 
Apparently,  for  other  purposes,  it  could  be  used  only  as  an  aid  to  memory, 
not  for  recording  events  or  for  the  purpose  of  sending  an  ordinary  message  : 
thus  numbers  only  Could  thereby  be  recorded  and  understood  without 
extraneous  assistance.  This  Peruvian  system  was  a  comparatively  elaborate 
one.  Instead  of  a  single  cord,  a  number  were  employed.  From  a  head  or 
leading  cord  other  smaller  ones  were  suspended  :  these  were  of  different 
colours,  each  denoting  a  different  subject,  as  red  for  soldiers,  yellow  for 
gold,  and  so  on. 

The  use  of  this  memory-aid  has,  in  the  past,  been  practised  in  many 
parts  of  Europe,  Asia,  Africa,  and  Polynesia.  An  old  custom  in  Europe 
was  to  place  a  knotted  cord  round  a  child’s  neck  to  serve  as  a  charm  or 
talisman,  a  form  of  charm  being  recited  over  each  knot.  This  looks  as 
though  the  simple  quipu  talisman  may  have  been  the  prototype  of  the 
old-time  Asiatic  rosary  that  was  borrowed  by  Christianity.  In  his  account 
of  Strong  Island,  Caroline  C-roup,  and  its  natives,  H.  B.  Sterndale  wrote  : 
“  They  keep  records  by  means  of  wooden  beads  and  knotted  cords,  which 
they  carefully  preserve,  and  refer  to  when  they  want  to  tell  what  happened 
in  former  years.”  Ling  Both  tells  us  that  the  quipu  is  employed  for  simple 
purposes  in  Borneo  ( Natives  of  Sarawak  and  British  North  Borneo ,  vol.  2, 
p.  290).  The  same  is  reported  from  New  Guinea,  as  seen  in  Chalmers’s 
Pioneering  in  New  Guinea,  p.  70. 

The  quipu  was  employed  in  remote  times  in  China,  and  was  in  use 
among  the  natives  of  the  Pelew  Islands.  At  the  Hawaiian  Islands  these 
knotted  cords  seem  to  have  been  employed  much  as  they  were  m  Peru. 
Thus  in  Tyerman  and  Bennet’s  Journal  we  read  that  “  The  tax-gatherers, 
although  they  can  neither  read  nor  write,  keep  very  exact  accounts  of  all 
the  articles  of  all  kinds  collected  from  the  inhabitants  throughout  the 
island.  This  is  done  principally  by  one  man,  and  the  register  is  nothing 
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more  than  a  line  of  cordage,  from  four  to  five  hundred  fathoms  in  length. 
Distinct  portions  of  this  are  allotted  to  the  various  districts,  which  are 
known  one  from  another  by  knots,  loops,  and  tufts  of  different  shapes, 
sizes,  and  colours.  Each  taxpayer  in  the  district  has  his  part  in  this  string, 
and  the  number  of  dollars,  hogs,  dogs,  pieces  of  sandalwood,  quantity  of 
taro ,  &c.,  at  which  he  is  rated  is  well  defined  by  means  of  marks  of  the 
above  kinds  most  ingeniously  diversified.”  References  to  further  informa¬ 
tion  concerning  quipus  are  given  in  the  Journal  of  the  Polynesian  Society, 
vol.  1,  p.  127. 

The  Maori  of  New  Zealand  has  preserved  in  tradition  the  knowledge  of 
a  former  use  of  the  quipu  among  his  ancestors.  There  is,  however,  nothing 
to  show  that  it  was  ever  employed  in  these  isles  ;  it  may  be  a  remembrance 
of  the  long-past  sojourn  in  Polynesia.  He  has,  however,  a  curious  and 
interesting  word  embedded  in  his  language.  That  word  is  pona,  the  ordi¬ 
nary  meaning  of  which  is  a  knot,  but  it  is  also  employed  as  denoting  a 
message  or  behest. 

The  Maori  has  two  expressions  to  define  the  quipu — viz.,  alio  ponapona 
and  tau  ponapona — both  of  which  mean  “  many-knotted  cord.”  The  most 
interesting  feature  of  the  tradition  is  that  distinct  statements  are  made  to 
the  effect  that  messages  were  transmitted  by  means  of  knotted  cords  that 
needed  no  explanation.  This  could  only  have  been  accomplished  by  assign¬ 
ing  an  arbitrary  meaning  to  certain  arrangements  of  knots,  and,  neces¬ 
sarily,  the  scope  of  such  a  system  would  be  by  no  means  a  wide  one. 
Certain  sentences,  queries,  remarks,  &c.,  would  be  represented  by  different 
combinations  of  knots,  and  such  a  usage  would  endow  them  with  a  sym¬ 
bolical  meaning.  We  have  no  means  of  verifying  this  tradition  at  this 
date,  but,  if  true,  it  implies  a  very  interesting  development  of  the  quipu 
system.  The  question  is,  was  it  obtained  from  east  or  west — was  it  brought 
from  Melanesia  or  Indonesia,  or  borrowed  from  American  sources  ?  One 
of  the  former  sources  seems  the  most  probable.  We  are  beginning  to  note 
the  occurrence  in  New  Zealand  of  certain  arts,  artifacts,  and  customs  not 
met  with  in  Polynesia,  but  which  are  met  with  in  Melanesia,  and  all  these 
things  point  to  a  long-past  racial  contact. 

If  the'  Polynesians  employed  the  alio  ponapona  for  the  purpose  of 
transmitting  messages,. then  the  system  was  assuredly  above  the  level  of 
mnemonic  aids,  and  would,  presumably,  be  classified  as  symbolism.  As  an 
illustration  of  the  usage,  we  give  the  account  of  it  met  with  in  the  Maori 
tradition  of  Whatonga,  an  old-time  Polynesian  voyager,  who  settled  in  New 
Zealand  probably  about  seven  hundred  years  ago.  Tradition  has  it  that 
Whatonga  and  others  were  carried  away  in  a  vessel  from  an  island  called 
Hawaiki  by  a  gale,  eventually  reaching  the  isle  of  Rangiatea,  where  they  dwelt 
for  some  time  with  the  people  of  the  land.  Turahui,  uncle  of  Whatonga, 
seems  to  have  been  the  chief  man  of  the  party,  but  he  does  not  appear  to 
have  reached  New  Zealand.  The  mother  of  Turahui,  Mokoeaea  by  name,  was 
anxious  to  ascertain  the  fate  of  her  son,  and  so  said  to  the  tohunga  (priestly 
experts)  of  Hawaiki,  “  Send  the  bird  of  my  child  to  seek  its  master.”  The 
reference  was  to  a  tame  bird  belonging  to  her  son,  a  wharauroa.  In  New 
Zealand  wharauroa  is  the  name  of  the  shining  cuckoo,  a  migratory  bird. 
Wharau  means  “  to  travel,”  and  wharauroa  would  denote  “  the  far-travelled 
one.”  This  bird  was  known  by  the  name  of  Te  Kawa,  and  it  was  proposed 
that  the  bird  be  sent  in  search  of  its  owner,  Turahui,  and  that  it  should 
bear  a  message  to  him.  A  tau  ponapona  cord  was  employed  as  a  medium, 
and  was  so  manipulated  as  to  represent  the  words,  “  Is  it  well  with  you  ? 
Where  are  you  abiding  ?  ”  This  cord  was  attached  to  the  neck  of  Te  Kawa, 
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and  the  bird  was  then  taken  to  the  tuahu,  a  sacred  place  where  ritual  cere¬ 
monies  were  performed,  and  there  released  for  its  long-questing  flight.  In 
the  original  we  have  the  following  :  “  Katahi  ka  hevea  te  tau  ponapona 
hi  te  kaki  o  Te  Kawa,  patai  atu—L  Kei  te  ora  ranei  koutou .  Kei  whea  koutou 
e  nolio  ana .’  Ka  mutu  nga  kupu  o  te  tau  ponapona.  Ka  kawea  Te  Kawa 
hi  runga  i  te  tuahu  tuku  ai  kia  rereP 

The  reference  to  the  taking  of  the  bird  messenger  to  the  tuahu  is  of  much 
interest.  Unquestionably  the  object  was  to  perform  some  ceremony  over 
the  bird  that  would  enable  it  to  perform  the  task  assigned  to  it,  the  finding 
of  the  ocean  waifs.  The  ceremony  is  not  described,  but  the  tohunga  of  yore 
were  believed  by  the  Maori  to  hold  very  singular  powers,  and  a  high-class 
member  of  the  fraternity  would  assuredly  be  held  to  possess  sufficient 
mana  to  enable  him  to  endow  the  bird  messenger  with  the  power  to  fulfil 
its  errand 

We  are  told  that  Te  Kawa  succeeded  in  locating  Turahui  on  the  island 
of  Rangiatea,  and  the  knotted  cord  was  taken  from  its  neck  and  the 
message  read  off.  All  the  castaways  assembled  to  greet  Te  Kawa,  and 
it  was  resolved  to  send  the  bird  back  with  a  return  message  as  follows  : 
“  We  are  all  well ;  we  are  at  Rangiatea.”  Soon  after  this  occurrence  the 
castaways  set  forth  to  return  to  their  home  island.  On  their  way  to 
Hawaiki  they  encountered  Te  Kawa  at  sea,  and  the  bird  now  bore  another 
quipu  question,  as  to  whether  or  not  the  party  was  returning  home.  Again 
Te  Kawa  was  sent  off  with  a  reply,  and  ere  long  the  party  reached  the  home 
island  in  safety.  Hawaiki  is  said  to  have  been  an  old  name  for  the  island 
of  Tahiti,  and  Rangiatea  is  the  correct  form  of  the  name  of  Ra’iatea, 
another  isle  of  the  Society  Group.  Whatonga  made  the  voyage  to  New 
Zealand  shortly  after  his  return  home,  and  spent  the  rest  of  his  days  here 
The  tradition  of  his  sojourn  at  Wellington  Harbour  is  one  of  deep  interest, 
and,  indeed,  the  harbour  was  named  after  his  son  Tara — Te  Whanga  nui 
a  Tara. 

In  regard  to  the  above  tradition  the  question  is  how  far  it  is  credible. 
All  the  writer  will  venture  to  say  is  that  it  is  firmly  believed  by  the  Maori, 
and  that  it  at  least  proves  his  knowledge  of  a  former  use  in  Polynesia  of 
the  quipus.  In  Part  II  of  the  Lore  of  the  Whare  Wananga  (published  by 
the  Polynesian  Society),  at  p.  104  occur  some  further  remarks  on  the  above 
tradition,  and  also  certain  explanations.  Attention  is  dravm  to  the  fact  that 
the  natives  of  the  Ellice  Group  send  messages  from  one  island  to  another 
per  medium  of  the  frigate-bird,  but  that  the  natural  migration  or  move¬ 
ments  are  there  taken  advantage  of.  The  Rev.  W.  W.  Gill  tells  us  in  his 
Jottings  from  the  Pacific  that  “  The  native  pastors  on  most  of  the  islands, 
lying  about  sixty  miles  apart,  of  the  Ellice  Group  correspond  with  each 
other  by  means  of  the  frigate-bird.  The  note  is  concealed  in  a  bit  of  reed 
and  tied  to  one  of  the  wings.  In  the  olden  times  pearl  fish-hooks  wrere  in 
this  way  sent  from  one  island  to  another.”  In  this  case  it  is  evident  that 
our  script  was  the  vehicle  employed,  and  not  a  knotted  cord.  The  Maori 
account  relates  to  something  very  much  more  extraordinary,  illustrating 
a  belief  in  very  remarkable  powers  as  held  by  priestly  experts  of  former 
times.  The  mystic  element  in  the  Polynesian  character  closely  resembles 
that  of  Oriental  folk,  and  the  former  people  assuredly  possessed  powers, 
genuine  or  otherwise,  that  leave  us  marvelling.  The  so-called  “  mango 
trick  ”  of  India  was  practised  in  Polynesia,  and  apparently  the  ancestors 
of  the  Maori  had  mastered  some  power  of  hypnotic  suggestion,  or  other 
influence,  of  which  we  are  yet  ignorant. 
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Some  writers  appear  to  believe  that  the  ancestors  of  the  Polynesians 
were  acquainted  with  some  form  of  script ;  but,  if  so,  it  must  have  been 
at  a  period  very  far  back  in  the  history  of  the  race,  otherwise  the  quijm 
system  would  not  have  been  employed.  There  is  no  evidence  to  show 
that  the  apparently  symbolic  script  of  Easter  Island  was  known  in  other 
isles,  or  even  that  it  was  of  Polynesian  origin.  At  p.  112  of  vol.  23  of  the 
Journal  of  the  Polynesian  Society  may  be  seen  some  remarks  on  what  is 
referred  to  as  “  picture  writing  ”  formerly  employed  by  the  Maori.  The 
specimens  given  show  the  term  “  picture  writing  ”  to  be  a  misnomer  ;  they 
are  shown  to  be  arbitrary  symbols,  a  certain  device  representing  a  phrase. 
This  script  is  said  to  have  been  brought  from  the  homeland  of  the  race, 
and  to  have  been  incised  or  otherwise  marked  on  the  walls  of  a  cave  called 
Te  Ana  Whakairo,  situated  in  the  South  Island.  We  have  no  other  evidence 
to  support  this  statement,  and  the  question  must  ever  remain  a  doubtful 
one. 

Christian,  in  his  work  on  the  Caroline  Islands,  tells  us  that  a  certain 
Padre  Jose  informed  him  that  upoli  the  walls  of  a  cave  near  the  village  of 
Ina-rahan,  Guam,  were  inscribed  hieroglyphical  characters,  the  work  of  a 
chieftainess  of  the  island.  Such  representations,  however,  often  prove  on 
examination  to  be  very  disappointing.  Hale  states  that  the  natives  of 
Ponape  sent  messages  in  the  form  of  leaves  of  a  certain  tree,  the  points  of 
which  were  folded  inwards  in  different  ways  to  express  different  meanings. 
This  seems  to  imply  something  more  than  mnemonics.  The  rude  message- 
sticks  of  Fijians  were  probably  a  mere  aid  to  memory,  but  the  carefully 
prepared  ones  of  the  Australian  natives  may  have  represented  a  more 
advanced  system.  During  his  second  voyage  Cook  carried  a  young  native 
of  the  Society  Isles  to  Easter  Island,  New  Zealand,  and  other  places.  Of 
this  native  G.  Forster  wrote  :  “At  New  Zealand  he  had  collected  a  number 
of  little  slender  twigs,  which  he  carefully  tied  in  a  bundle,  and  made  use  of 
instead  of  journals.  For  every  island  which  he  had  seen  and  visited,  after 
his  departure  from  the  Society  Isles,  he  had  selected  a  little  twig,  so  that 
his  collection  amounted  at  present  to  nine  or  ten,  of  which  he  remembered 
the  names  perfectly  well  in  the  same  order  as  we  had  seen  them.  He 
inquired  frequently  how  many  other  countries  we  should  meet  with  in  our 
way  to  England,  and  formed  a  separate  bundle  of  them,  which  he  studied 
every  day  with  equal  care  as  the  first.”  At  Easter  Island,  Forster  adds, 
“  He  added  another  stick  to  the  bundle  which  composed  his  journal,  and 
remembered  Easter  Island  with  this  observation  :  c  Ta’ata  maitai,  whenua 
ino ’  (Good  people,  poor  land).”  Now,  surely  this  accoimt  presents  to  us  a 
very  simple  form  of  memory  aids.  Polack  mentions  a  somewhat  similar 
incident  as  having  occurred  during  his  sojourn  at  Uawa  in.  the  “  thirties  ’ 
of  last  century.  A  native  had  undertaken  to  carve  for  him  a  canoe  stern- 
post  for  a  remuneration  of  six  sticks  of  tobacco.  On  the  completion  of  the 
task  the  native  presented  his  accoimt  in  the  form  of  six  pieces  of  stick  tied 
together  with  a  strip  of  flax. 

In  his  Story  of  New  Zealand  Thomson  states  that  the  Maori  occasionally 
conveyed  information  to  distant  tribes  during  war  by  marks  on  gourds. 
He  may  have  been  referring  to  modern  times,  since  the  acquisition  by  natives 
of  our  system  of  writing  ;  but  why  select  so  cumbrous  and  unsuitable  a 
medium  as  a  gourd  ?  This  statement  has  not  been  corroborated,  and  as 
a  pre-European  usage  we  know  it  not.  Of  a  similar  nature  is  a  note  I 
have  concerning  a  peculiar  recording-stave  called  rahau  whaJcaari,  and 
also  ahorangi.  This  was  a  piece  of  dressed  timber  having  three  sides,  and 
so  a  triangular  cross-section.  On  the  longitudinal  edges  were  cut  notches 
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arranged  in  groups,  the  meaning  apparently  depending  on  the  number  of 
notches  in  a  group.  It  was  not  made  clear  as  to  whether  these  notches 
were  merely  mnemonic  aids  or  possessed  some  symbolical  significance. 
No  confirmatory  evidence  has  been  collected  anent  this  contrivance,  and 
1  am  inclined  to  view  it  with  suspicion.  In  the  case  of  the  genealogical 
staves  ( rakau  whakapapa)  of  the  Maori  we  know  that  the  knob-like  pro¬ 
tuberances  between  the  notches  served  as  memory-aids. 

The  tohunga  (priestly  experts)  of  Maoriland  are  said  to  have  used  a 
knotted  cord  sometimes  to  denote  a  tapu  spot  or  area.  Thus,  in  order  to 
close  to  traffic  a  path  leading  to  a  cultivation -ground,  they  would  stretch 
a  cord  across  such  path,  and  in  the  cord  knots  were  tied  at  irregular  dis¬ 
tances.  Possibly  the  knots  possessed  some  meaning,  but,  if  so,  it  has  never 
been  explained  to  us.  The  late  John  White  described  a  curious  form  of 
love-token  formerly  employed  among  the  Maori  folk.  A  young  man  who 
desired  to  know  a  young  woman’s  feelings  towards  him  would  so  manipulate 
a  cord  that,  by  pulling  the  ends  thereof,  two  knots  came  together.  This 
he  would  send  to  the  woman,  who  would,  if  she  approved  of  him,  so  pull 
the  cord  and  return  it  to  the  sender. 

The  use  of  the  quipu  cord  has  been  traced  back  to  remote  times  in  China, 
where  cords  with  sliding  knots  seem  to  have  preceded  the  more  modern 
abacus  with  its  movable  beads.  This  use  of  knotted  cords  in  calculation 
has  certainly  been  practised  far  and  wide,  and  may  have  been  introduced 
into  Polynesia  from  Asia.  Any  further  use  of  the  quipu  cord  must  have 
been  confined  to  arbitrary  or  conventional  meanings  assigned  to  arrange¬ 
ments  of  knots,  and  possibly  to  different  colours,  &c.,  of  cords  employed. 
Finally,  we  have  no  evidence  showing  that  the  practice  was  followed  in 
New  Zealand. 

Introduction  of  the  Art  of  Writing. 

We  have  seen  that,  if  ever  the  Polynesian  had  been  acquainted  with 
the  art  of  writing,  he  had  long  forgotten  it  when  Europeans  arrived  in  the 
Pacific  area.  The  introduction  of  written  language  had  a  remarkable  effect 
on  the  Polynesian  mind.  That  effect  was  one  of  amazement  and  excite¬ 
ment,  the  art  appealing  strongly  to  the  intelligent  natives.  Evidence 
obtainable  as  to  such  effect  is,  naturally,  principally  local,  but  it  illustrates 
the  feeling  that  existed  throughout  Polynesia. 

In  Carleton’s  Life  of  Henry  Williams  we  find  an  illustration  of  the 
admiration  of  the  Maori  for  the  utility  of  our  script.  The  following  refers 
to  Maori  lads  receiving  letters  from  friends  in  1833  :  “  Our  boys  seemed  to 
look  for,  and  read  over,  their  letters  with  as  much  pleasure  as  we  did  ours. 

.  They  repeated  them  aloud,  to  the  admiration  of  their  auditors, 
who  were  struck  with  wonder  at  hearing,  as  they  described  it,  a  book  speak, 
for  though  they  expect  that  a  European  can  perform  any  extraordinary 
thing,  yet  they  cannot  understand  how  it  is  that  a  New  Zealand  youth  can 
possess  the  same  power.” 

In  the  account  of  Cook’s  third  voyage  we  are  told  that  the  Sandwich 
Island  women  described  European  writing  by  the  same  term  as  that  used 
to  denote  the  delineation  of  designs  on  their  tapa  cloth  :  “  The  young  women 
would  often  take  the  pen  out  of  our  hands,  and  show  us  that  they  knew 
the  use  of  it  as  well  as  we  did,  at  the  same  time  telling  us  that  our  pens 
were  not  so  good  as  theirs.  They  looked  upon  a  sheet  of  written  paper  as 
a  piece  of  cloth  striped  after  the  fashion  of  our  country,  and  it  was  not 
without  the  utmost  difficulty  that  we  could  make  them  understand  that 
our  figures  had  a  meaning  in  them  which  theirs  had  not.” 
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In  Williams’s  Missionary  Enterprises  is  an  entertaining  account  of  the 
effect  of  written  language  on  a  Cook  Islands  native.  Williams  wrote  a 
message  to  his  wife  on  a  piece  of  wood,  asking  her  to  send  him  a  certain 
implement  by  the  native  bearer.  The  latter  refused  to  believe  that  a  chip 
of  wood  could  convey  a  message,  and,  when  convinced  of  it,  he  tied  a  cord  to 
the  marvellous  chip  and  carried  it  suspended  from  his  neck,  possibly  to  serve 
as  a  talisman.  Mariner,  in  his  account  of  the  Tonga  Islands,  relates  a  yet 
more  amusing  story  of  the  effect  of  written  language  on  the  native  mind. 
A  chief  named  Finau  told  Mr.  Mariner  to  write  his  name  on  a  piece  of  paper. 
Mariner  did  so,  in  the  form  “  Feenow,”  when  another  European  was  asked 
what  the  markings  meant.  On  the  name  being  read,  Finau  was  greatly 
astonished.  He  examined  the  writing,  and  said  :  “  This  is  neither  like 
myself  nor  anybody  else.  Where  are  my  eyes  ?  Where  is  my  head  ? 
Where  are  my  legs  ?  How  can  you  possibly  know  it  to  be  I  ?  ”  When 
writing  was  first  made  known  at  Maunga-pohatu,  inland  of  the  Bay  of 
Plenty,  many  precautions  were  taken  by  the  natives  to  prevent  collusion 
between  the  visitors  who  had  brought  with  them  the  knowledge  of  writing. 
In  the  final  test  one  of  the  visitors  was  taken  to  a  hamlet  a  mile  away,  and 
the  two  were  induced  to  send  written  messages,  &c.,  back  and  forth  for 
some  time.  Conviction  at  length  came,  and  the  b ashmen  of  Tuhoe  mar¬ 
velled  at  the  amazing  powers  of  the  fair-skinned  “  sea-demons.”  George 
Forster,  in  his  narrative  of  Cook’s  second  voyage,  sp'eaks  of  the  effect  of 
written  language  on  natives  of  the  New  Hebrides,  and  of  how  puzzled  they 
were  in  finding  that  it  was  possible  to  preserve  sounds  by  such  means  as 
pencil  and  paper. 

The  Maori  employs  the  word  tuhituhi  to  denote  our  writing,  tuhi  meaning 
to  delineate,  to  mark  as  with  a  pattern.  Occasionally  the  term  whakairo 
is  used,  which  means  to  adorn  or  mark  with  a  design.  Thus  this  word  is 
applied  to  tattooing,  to  wood-carving,  and  to  woven  and  painted  designs, 
as  well  as  to  writing,  this  latter  being,  of  course,  a  very  modern  application. 

As  already  observed,  the  Maori  displayed  eagerness  to  acquire  the  know¬ 
ledge  of  reading  and  writing.  Many,  including  aged  persons,  flocked  to 
the  schools  instituted  by  the  missionaries,  and  a  much  greater  number 
learned  from  those  who  had  attended  such  schools.  Thus  the  knowledge 
of  writing  spread  rapidly,  and  in  1842  it  was  reported  that  three-fourths  of 
the  native  folk  of  New  Zealand  could  read  and  write.  Speaking  of  visiting 
a  village  in  the  Hauraki  district  in  the  “  thirties  ”  of  last  century,  the  Bev. 
Mr.  Wade  wrote  :  “  On  learning  that  I  was  a  missionary  they  inquired  for 
books,  and  completely  teased  me  for  instruction.  One  of  them  planed  some 
pieces  of  board  for  me  to  write  lessons  on,  and  they  were  highly  delighted 
with  what  I  wrote.  ..  .  .  The  New-Zealanders  who  learn  to  write  are 
very  fond  of  exercising  their  newly  acquired  power.  Paper,  slates,  pieces 
of  board,  and  korari  [ Phormium ]  leaves  are  all  in  turn  put  in  requisition 
to  convey  their  thoughts  one  to  another.  Their  love-letters  are  handed 
along  the  line  of  conveyance  for  public  inspection.”  Angas,  who  traversed 
the  North  Island  some  years  after  Wade’s  journey,  wrote  :  “  One  of  our 
natives  constantly  carries  a  slate  in  his  hand,  and  whenever  we  halt  to  rest 
he  amuses  himself  by  working  sums  in  arithmetic.  .  .  .  They  are  very 

fond  of  teaching  others,  and  many  individuals  in  the  interior  who  had  no 
instruction  whatever  from  the  missionaries'  have  acquired  the  arts  of  read¬ 
ing  and  writing  merely  by  aid  of  these  native  instructors,  who  have  a  pride 
in  communicating  their  new  acquirements.” 

In  those  days  a  much-favoured  substitute  for  writing-paper  was  the 
smooth  leaf  of  our  native  flax,  so  called — the  Phormium  tenax  of  the 
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botanist.  On  this  smooth  surface  letters  were  scratched  with  a  stylus 
consisting  of  a  sharp-pointed  nail,  a  pointed  piece  of  shell,  or  some  other 
article.  Colenso  tells  us  that  natives  made  a  substitute  for  ink  from  the 
flax-root,  the  berries  of  Schefflera  digit ata.  and  those  of  the  kokihi.  In 
early  days  of  European  settlement  we  used  a  very  fair  writing-ink  made 
from  bark  of  the  hinau  tree  (Elaeocar'pus) .  Angas  describes  as  follows  an 
incident  that  occurred  during  one  of  his  journeys  :  “We  met  a  young 
woman,  who  accosted  us  with  a  letter  in  her  hand,  which  she  begged  us  to 
take  to  her  brother.  .  .  .  The  letter  was  written  with  a  sharp  style 

upon  a  leaf  of  the  New  Zealand  flax  ( Phormium  te max)  ;  it  was  about  two 
feet  long  and  covered  with  writing  on  both  sides,  the  characters  showing 
out  clearly  upon  the  dark  and  glossy  surface  of  the  leaf.’’ 

Hochstetter  mentions  another  use  to  which  the  newly  acquired  art 
was  put  by  natives — -one  equivalent  to  our  own  habit  of  marking  names 
or  initials  on  trees,  stones,  &c.  When  travelling  in  the  interior,  a  native 
companion  noted  that  the  leaves  of  a  Phormium  bush  near  the  path  had 
been  tied  together.  “  This  excited  the  attention  of  Kuki  ;  he  untied 
the  bush,  scanned  the  leaves  singly,  and  broke  into  a  loud  laugh  of  joy. 
On  going  up  to  him  I  saw  that  the  leaves  had  all  been  written  on.  Kuki 
explained  to  me  that  they  bore  the  names  of  his  friends  in  Whaingaroa, 
who  had  lately  passed  that  way,  and  that  upon  a  second  leaf  a  young 
Maori  had  traced  a  fond  greeting  to  his  beloved.”  The  author  remarks 
that  he  found  similarly  inscribed  Phormmm,  bushes  in  many  parts  of  the 
country.  He  also  says  that  the  Maori  of  those  days  employed  numerical 
ciphers  for  writing,  numbers  taking  the  part  of  letters.  The  vowels 
a,  e,  i,  o,  u  were  represented  by  the  figures  1,  2,  3,  4,  5  ;  h  by  6,  k  by  7,  and 
so  on. 

Another  use  to  which  the  Maori  soon  put  the  knowledge  of  letters  wras 
in  tattooing.  Young  men  and  women  had  the  names  of  relatives  and 
sweethearts  tattooed  on  their  breasts  and  arms  in  roman  letters.  This 
was  formerly  a  very  common  practice.  In  some  cases  it  caused  a  certain 
amount  of  awkwardness,  or  even  regret,  as  when  a  sweetheart’s  name  was 
thus  indelibly  fixed  and  a  dissolution  of  partnership  occurred  later. 

Dieffenbach  remarked  in  1840  that  natives  were  extremely  anxious  to 
obtain  books,  pencils,  and  writing-paper.  While  the  novelty  lasted,  reading 
and  writing  might  almost  be  said  to  have  constituted  a  mania  with  the 
Maori. 

During  Sir  George  Grey’s  tour  through  the  interior  of  the  North  Island 
in  1850  his  party  found  on  the  path  a  brief  letter  written  by  a  travel¬ 
ling  party  of  natives  to  another  party  that  was  following.  It  read : 
“  0  friends  !  keep  on  ;  we  are  at  Oraka.”  This  message  was  truly  found 
on  the  path,  for  the  letters  were  cut  in  the  bare,  padded  surface  of  that 
path. 

Like  other  folk  of  the  same  culture  stage,  the  Maori  has  a  preference 
for  a  syllabary.  In  teaching  one  another  the  art  of  writing,  natives  always 
employ  the  syllabic  method,  and  ignore  teaching  of  the  alphabet  in  our 
way.  Thus,  under  the  letter  k  a  lesson  is  set  as  ka ,  ke,  ki,  ko,  ku,  with  the 
result  that  pupils  rapidly  master  the  art  of  writing. 

The  art  of  drawing  cannot  be  said  to  have  been  a  Maori  accomplishment, 
apart  from  the  outline  work  required  by  painters  of  decorative  designs,  &e. 
Yet,  when  sketching  from  nature,  the  portrayal  of  men,  animals,  ships,  &c., 
was  made  known  to  the  natives  by  early  European  sojourners  on  these 
shores,  the  younger  generation  often  indulged  in  amateur  efforts  of  the 
kind.  Some  showed  considerable  aptitude,  as  we  are  informed  by  Earle 
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and  others.  Angas  tells  us  how,  soon  after  the  first  horse  acquired  by 
the  Taupo  natives  arrived  at  the  lake,  every  plank  and  piece  of  fair- 
surfaced  timber  in  the  district  was  covered  with  drawings  of  the  animal — 
“  Rude  charcoal  drawings  of  men  on  horseback,  of  a  really  humorous 
character,  and  very  droll  :  some  were  represented  standing  upon  their 
heads,  and  all  were  beating  the  horses,  which  appeared  very  unwilling 
to  go.” 

We  may  now  conclude  that  the  use  of  knotted  cords  as  aids  to  memory 
by  the  natives  of  Polynesia  tends  to  show  that  the  race  had  no  knowledge 
of  any  form  of  script.  If  ever,  in  remote  times,  the  ancestors  of  the  Maori 
knew  of  such  a  boon,  then  it  has  been  discarded,  or  lost,  for  many 
generations.  This  is  a  factor  that  must  be  taken  into  account  when 
endeavouring  to  locate  the  old  homeland  of  the  race,  and  in  haling  it,  as 
some  writers  do,  from  south-eastern  Asia  at  a  period  when  written  language 
must  have  been  known  there. 


CHEMICAL  TECHNOLOGY  OF  THE  FROZEN-MEAT 

INDUSTRY.* 

By  A.  M.  Wright,  A.I.C.,  F.C.S.,  Chief  Chemist,  New  Zealand  Refrigerating 

Company  (Limited). 

PART  I. 

Introduction. 

The  frozen-meat  industry  is  not  a  single  industrial  or  manufacturing  unit, 
but  an  amalgamation  of  many  and  varied  industries,  with  the  problems 
and  difficulties  of  a  municipality  added.  In  addition  to  the  freezing  and 
cold  storage  of  meats,  there  is  involved  the  preparation  and  manufacture 
of  canned  meats,  meat-extracts,  edible  fats,  tallow,  fertilizer  materials, 
mixed  fertilizers,  wool,  pelts,  hides,  and  casings,  besides  the  problems  of 
water-supply  and  sewage-disposal. 

When  viewed  in  this  light  the  magnitude  of  the  operations  connected 
with  the  frozen-meat  industry  presents  problems  towards  the  solving  of 
which  every  science  has  some  contribution  to  offer. 

In  this  review  it  is  proposed  to  consider  chiefly  the  principles  involved 
rather  than  to  discuss  in  detail  the  methods  of  conducting  the  manufacturing 
processes.  References  are  made  to  the  literature  which  may  be  consulted 
by  those  who  wish  fuller  information  upon  the  subjects  discussed. 

Slaughter  Tests.  (12,  13,  15. )t 

In  order  to  show  the  nature  and  diversity  of  the  various  products  and 
by-products  derived  from  sheep,  lambs,  cattle,  and  pigs  the  results  of  certain 
slaughter  tests  are  given.  It  should  be  understood,  however,  that,  while 
the  data  now  presented  represents  the  results  of  actual  tests,  they  may 
not  be  applicable  to  every  case  ;  they  do,  on  the  other  hand,  afford  some 
general  idea  of  the  relative  proportions  of  the  various  materials  derived 
from  stock  after  slaughter. 


*  The  author  desires  to  express  his  thanks  to  the  New  Zealand  Refrigerating 
Company  (Limited)  for  permission  to  publish  this  article, 
f  See  “  Literature  cited,”  p.  83. 
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Table  I. 


Ten 

Sheep. 

Ten 

Lambs. 

One 

Steer, 

18 

Months, 

One 

Steer, 

24 

Months. 

One 

Steer, 

30 

Months. 

One  Pig, 
fat. 

One 

Pig, 

thin. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Live  weight 

1,097-0 

675-0 

902-0 

1,190-0 

1,360-0 

185-0 

94-0 

Dressed  weight  (cold) 

554-0 

364-0 

544-5 

724-5 

870-0 

140-6 

62-5 

Wool 

68-2 

72-0 

•  • 

e  • 

.  . 

e  • 

Pelt 

51-8 

30-0 

•  • 

«  e 

-©  • 

Hide 

.  . 

9  e 

67-5 

77*5 

87-5 

Blood 

47-0 

24-5 

29-0 

35-2 

43-5 

6-8 

3-8 

Head 

33*4 

21-8 

•  . 

.  o 

•  • 

10-2 

7-2 

Head,  including  brain 

.  . 

.  . 

2L5 

27-5 

30-0 

•  • 

e  • 

Feet 

10-5 

13-4 

14-3 

15-0 

18-7 

2-1 

1-3 

Fats  (total) 

66-5 

32-5 

46*5 

71-0 

64-1 

4-6 

1-6 

Diaphragm 

4-1 

2-4 

'  e  . 

.  . 

.  . 

•  . 

o  • 

Heart 

5-4 

3-3 

3-9 

4-4 

5-5 

0-5 

0-5 

Tongue  .  . 

4-0 

•  2-9 

5-1 

3-8 

6-2 

0-8 

0-6 

Kidneys  .  . 

2-7 

1-7 

.  . 

•  . 

.  . 

•  • 

.  , 

Sweetbreads 

.  • 

0-7 

0-6 

1-0 

0-9 

•  e 

•  * 

Brain 

2-1 

1-9 

•  • 

•  • 

•  9 

0-2 

0-2 

Lungs 

12-4 

8-2 

5-8 

5-5 

7-0 

1-7 

1-3 

Liver 

16-9 

8-3 

13-0 

13-6 

14-0 

3-0 

1-7 

Trachea  . . 

1-9 

1-8 

2-5 

30 

1-7 

#  # 

Spleen 

1-9 

1-0 

4-0 

1-6 

1-9 

0-3 

o-i 

Gall-bladder  and  contents  .  . 

0-7 

0-5 

•  . 

1-0 

1-7 

o-i 

o-i 

Intestines 

41-0 

24-0 

33-0 

33-4 

430 

4-2 

4-8 

Stomach 

37-0 

18-0 

38-3 

38-5 

52-8 

1-2 

1-2 

Contents  of  stomach  and 
intestines 

104-5 

35-5 

48-5 

81-0 

81-2 

7*3 

4-8 

Tail 

•  • 

. . 

1-6 

1-6 

1-6 

Frozen  Meats.  (11,  17,  20,  22,  23.) 

The  carcases  after  being  weighed  and  graded  are  placed  upon  rails  in 
cooling-rooms  in  order  to  remove  the  animal  heat  and  to  allow  the  meats 
to  cool  down  to  atmospheric  temperature  ;  this  may  take  up  to  eighteen 
hours.  It  should,  however,  be  remembered  that  while  the  flesh  of  healthy 
animals  is  usually  free  from  bacteria,  yet  from  the  moment  death  ensues 
such  flesh  becomes  a  suitable  medium  for  the  growth  of  bacteria  and  moulds, 
and  the  longer  the  period  which  elapses  between  slaughter  and  freezing, 
the  greater  is  the  liability  for  such  flesh  to  become  tainted  by  the  products 
of  bacterial  growth. 

It  is,  of  course,  well  known  that  dietetic  value,  and  the  edible  qualities 
such  as  flavour  and  odour,  are  determined  by  post  mortem  changes  in 
chemical  constitution.  These  changes,  however,  must  not  be  confused  with 
those  due  to  bacterial  growth  ;  they  are  brought  about  by  the  action  of 
various  enzymes  inherent  to  flesh  foods. 

The  carcases  are,  after  cooling,  run  into  freezing-rooms  and  there  frozen 
solidly.  After  being  covered  with  a  cloth  wrapper  the  carcases  are  stacked 
in  stores  until  shipped. 

Changes  occurring  during  Cold  Storage.  (1,  11,  14,  18,  19.) 

The  changes  occurring  in  beef,  mutton,  and  lamb  during  cold  storage 
have  been  very  fully  investigated,  and  it  has  been  established  that  the 
alterations  in  composition  and  physical  structure  are  not  due  to  bacterial 
action,  as  was  at  one  time  thought  to  be  the  case.  It  has  now  been 
determined  that  the  chemical  changes  noted  are  the  result  of  the  limited 
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action  of  naturally  occurring  enzymes  present  in  fresh  flesh  foods.  The 
alteration  in  the  structure  of  the  fibres  of  meat  is  associated  with  the 
freezing  and  subsequent  thawing. 

By  enzymic  action  is  understood  the  action  of  a  certain  well-known 
class  of  substances  normally  present  in  all  animal  tissues  and  organs.  The 
most  commonly  known  enzyme  is  pepsin,  which  is  capable,  under  favour¬ 
able  conditions,  of  digesting  proteins. 

In  both  fresh  and  frozen  meats  an  enzyme  has  been  found  which  is 
capable  of  bringing  about  slowly  the  limited  changes  found  to  take  place 
under  cold-storage  conditions. 

The  flesh  of  healthy  animals  is  free  from  bacteria,  but  as  soon  as  death 
ensues,  if  no  measures  are  taken  to  guard  against  bacterial  infection,  the 
flesh  becomes  a  suitable  field  for  bacterial  invasion.  As  bacteria  are 
almost  universally  present  in  the  ordinary  atmosphere,  it  is  to  be  expected 
that  on  the  surface  of  meat  there  will  be  found  bacteria,  and  that  if  the 
meat  is  allowed  to  remain  unprotected  the  bacteria  will  spread  to  the 
interior. 

A  vast  amount  of  experimental  data  has  been  recorded  upon  the  subject 
of'|the  bacterial  invasion  of  meat,  and  it  has  been  clearly  demonstrated 
that  under  the  conditions  of  thorough  and  properly  maintained  cold  storage 
(2°  to  19°  F.)  there  is  no  bacterial  infection  of  the  interior  of  initially  sound 
meat,  even  after  a  period  of  two  years’  cold  storage. 

It  is  a  matter  of  general  observation  that  wrhen  meats  are  frozen  and 
thawed  out  rapidly  a  certain  amount  of  distortion  and  rupture  of  the 
tissues  may  take  place,  and  by  some  observers  this  has  been  accepted  as 
evidence  of  decomposition  of  the  meats,  a  conclusion  which  is  not  warranted 
unless  supported  by  chemical  and  bacteriological  experiment  to  prove  the 
suggestion  of  putrefaction.  Usually  when  the  freezing  and  thawing  are 
slowly  conducted  little  or  no  alteration  of  the  structure  of  the  tissues  will 
be  found.  A  fact  to  be  taken  into  consideration,  however,  wdien  the 
freezing  or  subsequent  thawing  has  produced  rupture  of  the  tissues  is  that 
the  cell-walls  have  been  broken,  and  so  the  meat-iuices,  which  are  normally 
covered  by  an  envelope  of  tissue,  escape,  and  provide  a  nutrient  medium 
upon  which  the  bacteria  present  in  the  atmosphere  can  growT  luxuriantly 
and  so  bring  about  a  very  rapid  decomposition  of  the  meat  when  exposed 
to  the  ordinary  temperatures  of  the  atmosphere. 

In  general,  it  is  the  practice  after  slaughter  to  allow  the  so-called  animal 
heat  of  the  carcase  to  dissipate  before  the  meats  are  placed  in  cold  storage. 
This  is  sound  from  the  point  of  view  of  economy,  for  obviously  it  is  more 
economical  to  allow  the  carcase  to  cool  to  the  temperature  of  the  atmosphere 
prior  to  placing  it  in  the  freezing-chamber  than  to  utilize  the  artificial  cold 
to  reduce  the  temperature  to  that  point  before  freezing. 

Despite  the  fact  that  the  flesh  of  healthy  animals  is  free  from  bacteria, 
the  micro-organisms  of  putrefaction  are  almost  universally  present  in 
the  air,  and  the  flesh  is  a  suitable  medium  for  their  growth.  The  putre¬ 
faction  of  flesh  foods  is  invariably  due  to  bacterial  growth,  and  if  these 
foods  remained  sterile  no  putrefaction  would  result.  As,  however,  it  is 
not  commercially  practicable  to  render  meat  intended  for  cold  storage 
sterile — that  is  to  say,  by  the  elimination  of  all  the  bacteria  in  the  air- — 
the  only  course  is  to  bring  about  a  condition  which  prevents  bacterial 
growth — namely,  freezing  as  soon  as  is  possible  under  the  conditions  which 
the  particular  factory  or  store  have  to  meet. 

The  results  of  many  investigations  have  clearly  shown  that  when  taint 
and  decomposition  have  taken  place  in  cold-storage  meats  it  is  very 
definite  evidence  either  that  the  meat  had  not  been  placed  in  cold  storage 
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soon  enough  or  that  through  some  defect  the  temperature  in  the  cold 
store  had  been  inadequate  to  prevent  bacterial  growth. 

Freezing  of  Beef.  (ii.) 

It  has  been  found  that,  while  mutton  can  be  frozen  and  subsequently 
thawed  out  without  any  apparent  alteration  to  the  tissue,  beef  very  often 
cannot,  and  it  appears  likely  that  the  physical  and  chemical  properties  of  the 
muscle-fibre  in  beef  are  altered  during  the  process  of  freezing  so  that  there 
is  a  separation  of  the  liquid  and  solid  constituents,  and  the  beef  on  thawing 
drips  freely. 

Recent  wTork  seems  to  indicate  that  the  solution  of  the  difficulty  lies  in 
freezing  the  beef  sufficiently  rapidly,  and  experimentally  it  has  been  found 
that  when  the  beef  is  rapidly  frozen  by  immersing  in  brine  cooled  to 
—  20°  C.  the  propensity  to  drip  on  thawing  is  eliminated.  Attempts, 
however,  upon  a  commercial  scale  have  not  so  far  been  successful,  for  the 
reason  that  it  has  not  yet  been  possible  to  remove  the  heat  sufficiently 
rapidly  from  quarters  of  beef. 

Moulds.  (10,  11,  17.) 

The  subject  of  moulds  which  have  been  found  to  develop  upon  refrigerated 
produce  has  been  one  of  controversy,  for,  although  there  has  been  a  belief 
that  certain  moulds  can  develop  under  cold-storage  conditions,  there  has 
been  doubt  as  to  whether  the  growth  of  the  moulds  found  upon  cold- 
storage  meats  has  not  been  due  either  to  a  breakdown  of  the  plant  or  to 
defective  insulation. 

It  has  now  been  shown  that  the  mould  producing  4 4  black-spot,”  a 
Cladesporium,  will  grow  and  produce  spores  at  least  5°  C.  below  freezing- 
point  (23°  F.).  This  mould  develops  more  rapidly  if,  before  being  placed 
in  the  cold,  the  meat  with  the  spores  is  kept  for  about  twenty-four  hours 
at  ordinary  temperature,  thus  allowing  the  early  stages  of  germination 
to  take  place  under  normal  conditions.  Growth  is  found  to  be  very  slow 
at  low  temperatures,  but  it  is  greatly  enhanced  if  the  temperature  is  raised 
to  0°  C.  (32°  F.).  So  far  the  44  black -spot  ”  mould  is  the  only  one  found 
to  grow  at  a  temperature  considerably  belowr  0°  C.,  but  several  others 
develop  fairly  well  at  freezing-point. 

The  44  black-spot  ”  fungus  appears  to  be  identical  with  the  mould 
described  by  Dr.  Klein  many  years  ago  and  named  Cladesporium  herbarium. 

Despite  the  fact  that  Cladesporium  herbarium  can  grow  at  23°  F.,  the 
position  should  not  prejudice  the  refrigerated  produce,  because  it  can  only 
be  possible  for  the  mould  in  question  to  grow  when  the  temperature  is 
substantially  above  that  usually  maintained  under  cold-storage  conditions, 
and  it  will  scarcely  be  held  that  23°  F.  is  a  usual  or  safe  temperature  at 
which  to  hold  cold-storage  products  such  as  mutton  or  beef. 

44  Black-spot  ”  mould  due  to  Cladesporium  herbarium  is  frequently 
found  in  chilled  beef.  It  is,  however,  a  surface  infection,  and  experiments 
carried  out  have  shown  that  it  is  harmless  to  animals. 

44  Red-spot  ”  upon  meats  has  been  found  to  be  due  to  Bacillus  prodigiosus ; 
44  brown -spot  ”  upon  chilled  beef  has  been  found  to  be  due  to  a  yeast; 
while  another  44  black-spot  ”  mould  has  been  identified  as  Oidivm  carnis. 

It  is  scarcely  practicable  commercially  to  altogether  exclude  from  con¬ 
tact  with  the  surface  of  meat  the  mould  spores  or  bacteria  which  are 
almost  universally  present  in  the  ordinary  atmosphere.  There  are,  however, 
certain  precautions  which  have  been  found  useful  and  which  may  be 
applied  without  incurring  heavy  expense. 
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Dryness  in  the  surroundings  is  to  be  sought,  for  damp  encourages  the 
growths  ;  whilst  moist  coverings  on  the  meat  itself  should  especially  be 
avoided. 

At  intervals,  when  the  chambers  are  cleansed,  the  surfaces  should  be 
sterilized  by  vapour  or  spray  of  formaldehyde  or  sulphurous  acid,  and 
then  dried  by  a  current  of  air. 

The  cloth  coverings,  either  calico  bags  or  44  stockingette,”  should  be 
effectually  sterilized  by  heat. 

The  maintenance  of  a  temperature  substantially  below  that  at  which 
the  organism  can  grow  is,  of  course,  essential. 

Meat-canning.  (7,  17.) 

The  term  44  canned  ”  as  applied  to  food  products  put  up  in  hermetically 
sealed  packages  is  capable  of  more  than  one  meaning,  but  the  generally 
accepted  application  means  any  food  put  up  in  any  container  which 
has  been  hermetically  sealed  and  the  preservation  accomplished  through 
sterilization  by  heat. 

In  order  to  secure  successful  canning  of  meats  it  is  essential  to  destro}" 
all  the  bacteria  present  in  the  material,  and  to  seal  the  can  so  that  no  fresh 
invasion  by  bacteria  or  other  micro-organisms  can  occur.  This  is  accom¬ 
plished  by  heating  the  contents  to  a  temperature  that  kills  not  only  the 
bacteria  themselves,  but  also  the  most  resistant  spores. 

Meat  products,  as  a  rule,  contain  highly  resistant  organisms  ;  besides 
which,  the  majority  of  these  foods  are  of  such  a  consistency  that  heat 
penetrates  them  very  slowly.  As  a  class  they  usually  require  the  heaviest 
processing. 

The  methods  of  canning  vary  to  some  extent  with  the  kind  of  meat 
that  is  to  be  preserved  and  the  ideas  of  the  individual  manufacturer. 
Differences  occur  in  time,  temperature,  methods  of  handling,  and  apparatus, 
slight  in  themselves,  but  of  such  a  nature  as  to  make  it  impracticable  to 
give  more  than  a  general  description  which  embodies  the  essential  features 
of  the  methods  commonly  employed. 

The  meat  selected  for  preserving  is  boned  and  cut  into  pieces  of  from 
1  lb.  to  2  lb.  or  3  lb.,  and  trimmed  to  remove  as  much  gristle  as  possible 
and  the  larger  pieces  of  fat.  The  size  of  the  pieces  of  meat  will  be 
determined  largely  by  the  weight  which  is  to  be  filled  into  the  individual 
cans.  It  is  desirable  that  the  pieces  of  meat  be  as  uniform  in  size  as 
practicable,  in  order  that  the  larger  pieces  may  be  thoroughly  cooked  before 
the  smaller  ones  begin  to  disintegrate. 

If  the  meat  is  intended  for  roast  or  boiled  it  is  now  parboiled,  or,  as 
technically  called,  subjected  to  4 '  shrinking,”  because  to  produce  a  market¬ 
able  article  it  is  necessary  that  the  meat  be  cooked  before  it  is  canned. 

Parboiling  also  serves  another  purpose :  by  removing  a  large  quantity 
of  water  it  increases  the  relative  percentage  of  nutritious  compounds,  and 
thus  forms  a  somewhat  concentrated  food.  Thus  30  oz.  of  canned  roast 
beef  contains  the  equivalent  of  nearly  49  oz.  of  fresh  beef. 

The  parboiled  meat  is  packed  in  cans,  either  by  machine  or  by  hand. 
To  each  can  is  added  a  proportion  of  liquor  from  the  parboiling  or  from 
meat -extract.  In  some  cases  salt  is  dissolved  in  this  liquor  for  the  purpose 
of  seasoning.  The  caps  are  now  soldered  on  the  cans. 

The  cans  are  now  processed.  This  operation  is  probably  the  most 
important  of  all  in  canning,  for  if  this  fails  all  others  come  to  naught.  It 
is  an  easy  matter  to  sterilize  any  product  by  giving  a  sufficiently  high 
temperature  for  a  short  time,  by  prolonged  cooking,  or  by  combining  these 
factors  ;  but  to  sterilize  in  such  a  manner  as  to  cause  the  least  injury  to  the 
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product  is  an  art.  Processing,  more  than  any  other  single  operation,  should 
be  based  upon  an  exact  knowledge  of  the  requirements  of  each  article. 

Raw  material  of  the  finest  character  may  be  supplied,  but  by  improper 
processing  may  become  of  inferior  quality  ;  while  low-grade  stock  or  that 
which  is  partially  decomposed  may  be  sterilized,  but  the  most  careful 
manipulation  will  not  convert  it  to  a  first-class  article  of  food.  Intelligent 
processing  must  depend  not  only  upon  a  knowledge  of  the  types  of 
organisms  found  upon  the  different  foods  and  upon  the  character  of  the 
product  with  reference  to  the  conduction  of  heat,  but  also  upon  the 
changes  effected  by  various  degrees  of  heat. 

From  a  commercial  point  of  view  the  effect  of  the  processing  upon  a 
product  'must  be  considered  of  equal  importance  to  that  of  sterilization, 
and  vice  versa. 

It  will  thus  be  seen  that  any  detailed  account  which  may  afford  exact 
data  regarding  the  processing  of  a  given  product  is  of  little  use  unless 
supplemented  by  the  modifications  and  reservations  which  are  necessary 
if  details  were  given.  For  this  reason  it  is  possible  to  note  at  this  stage 
only  the  general  principles  involved. 

The  temperature  and  time  of  heating  depend  chiefly  upon  the  size  of 
the  can,  but  also  to  some  extent  upon  other  conditions.  Probably  the 
most  usual  temperatures  for  processing  are  from  225°  to  250°  F.  As  meats 
are  but  poor  conductors  of  heat,  it  is  important  to  be  sure  that  the 
temperature  in  the  centre  of  each  can  is  maintained  adequately. 

Usually  the  cans  are  first  processed  in  a  bath  of  brine  made  with  calcium 
chloride  in  solution,  and  possessing  a  high  boiling-point  ;  it  is  thus  possible 
to  “boil  off”  at  a  temperature  well  above  212°  F.  At  the  close  of  this 
process  the  vents  in  the  cap  of  the  can  are  closed  with  a  drop  of  solder. 

The  cans  are  then  removed  to  large  iron  retorts,  which  are  heated  by 
superheated  steam,  and  the  processing  finished. 

The  cans  are  then  subjected  to  a  cold  spray  until  the  contents  are 
chilled,  when  the  ends  of  the  can  should  be  slightly  concave,  and  should 
remain  so  until  the  can  is  opened  for  use. 

In  some  plants  the  cans  are  placed  with  the  open  vent  in  a  vacuum 
apparatus,  the  air  is  extracted,  and  the  vent  closed  in  vacuo.  By  this 
means  it  is  possible  to  eliminate  the  preliminary  “  boiling  off  ”  process 
and  to  conduct  the  processing  in  one  operation. 

It  should  be  borne  in  mind,  however,  that  the  sealing  in  vacuo  does 
not  in  any  way  obviate  the  necessity  for  thoroughly  processing  and  sterilizing 
the  can  by  heat,  after  sealing  the  vent. 

The  meats  used  in  the  preparation  of  corned  mutton  and  beef  are  the  same 
as  those  used  for  the  boiled  and  roast  meats.  The  pieces,  cut  and  trimmed 
as  described,  are  cured  in  a  brine  of  salt  and  saltpetre,  with  or  without  the 
addition  of  sugar.  The  period  of  curing  varies  in  accordance  with  the 
ideas  of  the  individual  manufacturer,  but  is  usually  about  twenty  days. 

The  corned  meat  must  be  boiled  for  a  longer  time  than  the  fresh,  owing 
to  the  large  amount  of  salt  that  is  left  from  the  curing  process. 

The  canning  of  the  corned  meat  is  similar  to  that  of  the  boiled  and 
roast. 

On  account  of  the  thorough  cooking  which  corned  meat  receives  before 
canning,  as  well  as  the  sterilization  of  the  curing  process  itself,  it  may  be 
processed  at  a  lower  temperature  or  in  less  time  than  roast  or  boiled 
meats. 

Tongues  are  cured  in  a  manner  similar  to  that  adopted  for  corned 
meats,  except  that  in  some  cases  more  sugar  is  added  to  the  brine.  After 
removal  from  the  curing-brine  the  tongues  are  cooked  by  boiling,  trimmed, 
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skinned,  and  then  canned.  The  cans  are  then  processed  in  the  ordinary 
manner. 

The  question  of  spoilage  has  already  been  dealt  with  by  the  author  in 
a  recent  article  in  this  Journal*  and  will  not  be  discussed  again  here. 

The  following  results  have  been  obtained  on  analyses  of  various  canned 
meats  : — 

Table  II. 


— 

Canned  Roast 
ri.  and 

Boiled  Beef. 

Canned 
Corned  Beef. 

Canned 

Tongues. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Water 

58-89 

56"35 

55-17 

Fat 

13-99 

11-43 

20-23 

Proteids  insoluble  in  water 

19-25 

22-37 

15-64 

Soluble  proteids,  including  gelatinoids  .  . 

3-59 

2-02 

1-33 

Meat  bases  .  . 

1-58 

1-11 

1-23 

Saltpetre 

,  , 

0-09 

0-08 

Salt 

0-53 

3-37 

2-90 

Other  mineral  salts  . . 

0-75 

1-23 

0-73 

'o 


Meat-extracts.  (2,  7,  9,  16,  17.) 

Commercial  meat-extracts  are  manufactured  from  the  finely  chopped 
muscular  tissues  of  flesh,  such  as  lean  meat,  heart-muscle,  or  diaphragms. 
The  meat  is  placed  in  tanks  containing  cold  water,  steam  is  admitted, 
and  the  material  is  boiled  for  about  half  an  hour. 

The  liquor  obtained  from  meat  which  is  parboiled  in  the  process  of. 
preparing  certain  canned  meats  is  also  utilized. 

The  liquors  while  hot  are  pumped  into  a  large  tank  and  there  settled 
in  order  to  separate  out  in  part  the  particles  of  meat-fibre  which  are  present. 
The  supernatant  liquor  is  then  filtered  through  cloth  filter-bags  to  further 
remove  any  fine  solids  still  in  suspension.  The  fat  present  is  skimmed  off, 
and  the  clean  liquid  is  then  concentrated  in  steam-heated  pans,  either 
under  vacuum  or  at  ordinary  atmospheric  pressure.  The  partially  con¬ 
centrated  liquor  is  finally  transferred  to  a  finishing-pan  and  heated  until 
the  water  content  approximates  20  per  cent,  and  the  material  is  of  a 
syrupy  consistency.  , 

Constant  stirring  during  the  final  stages  of  evaporation  is  essential  to 
secure  uniformity  in  regard  to  consistency  and  composition  of  the  finished 
product. 

It  appears  necessary  to  carry  out  the  finishing  or  final  stages  of  the 
concentration  of  the  extract  in  the  ordinary  atmosphere,  for  apparently 
certain  oxidation  compounds  are  produced  at  this  stage  which  add  to  the 
palatability  of  meat-extract,  and  these  compounds  are  not  formed  under 
vacuum.  Apparently  a  process  similar  to  caramelization  takes  place. 

The  whole  process  has  to  be  watched  carefully  because  of  the  liability 
of  certain  nitrogenous  compounds  to  be  formed  which  give  a  somewhat 
bitter  flavour  to  the  extract.  The  nature  of  these  compounds  has  been 
determined,  and  they  belong  to  a  class  of  substances  similar  to  the  pep¬ 
tones.  The  peptone-like  bodies  are  not  found  in  the  original  liquor  from 
which  the  extract  is  manufactured,  but  are  found  in  varying  amounts  in 
the  finished  extract,  having  been  formed  probably  during  the  process  of 
concentration  by  the  action  of  the  normal  flesh  acids  and  salts  upon  the 


*  Bacteriology  in  Relation  to  Commercial  Meat  Products,  vol.  3,  1920,  pp.  209-13. 
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nitrogenous  constituents  while  the  prolonged  heating  of  the  material  is 
taking  place.  It  is  only  when  the  peptone-like  bodies  are  produced  in 
relatively  large  amounts  that  the  bitter  flavour  can  be  noted. 

The  valuable  constituents  of  a  meat-extract  are  the  so-called  “  meat 
bases,”  which  are  the  products  of  the  breaking-down  of  proteins  in  the 
vital  processes  of  the  body.  They  are  excreted  for  the  most  part  unchanged, 
and  have  little  value  as  builders  of  tissue.  They  cannot  be  strictly  regarded 
as  foods,  but  possess  certain  stimulating  properties,  and  apparently  furnish 
relief  to  fatigued  muscle  and  are  powerful  excitants  of  gastric  secretion. 

It  is  of  the  utmost  importance  to  proceed  with  the  concentration  of  the 
extract  liquor  with  all  possible  despatch,  for  the  dilute  solutions  afford 
suitable  media  for  bacterial  growth.  However,  if  the  liquor  is  not  allowed 
to  cool  down  or  to  remain  at  a  temperature  which  allows  bacterial  develop¬ 
ment  to  take  place  no  decomposition  can  occur.  Once,  however,  the  con¬ 
centration  is  secured,  extract  of  meat  is,  in  its  nearly  solid  state,  no  longer 
a  medium  suitable  for  bacterial  growth.  Commercially  it  is  known  that 
even  after  a  period  of  several  years  solid  meat-extract  has  been  found 
to  be  undeteriorated.  The  results  of  bacteriological  and  chemical  experi¬ 
ments  clearly  show  that  solid  meat-extract  is  a  non-putrescible  substance, 
and  confirm  the  evidence  of  commercial  observation  upon  this  point. 

The  following  results  show  the  typical  composition  of  a  well-prepared 


meat-extract  .  Meat-extract. 

Table  III .  Per  Cent. 

Moisture  .  .  .  .  . .  . .  21*79 

Organic  matter  .  .  . .  . .  . .  59*95 

Salt  . .  . .  . .  . .  . .  3*36 

Other  mineral  salts  . .  . .  . .  . .  14*90 

Total  nitrogen  . .  . .  . .  . .  8*72 

Fat  . .  . .  -. .  .  .  . .  0*33 

Acidity  as  lactic  acid  . .  . .  . .  10*50 

Soluble  in  80  per  cent,  alcohol  . .  . .  57*42 

Insoluble  in  80  per  cent,  alcohol  .  .  . .  30*79 

Meat  bases  . .  . .  . .  . .  . .  14*00 


Edible  Fats.  (3,  4,  5,  6,  8,  17,  21.) 

The  edible  fats  are  manufactured  from  the  fats  removed  from  the 
visceral  cavity  of  sheep,  lambs,  and  cattle.  These  fats  are  principally  the 
“  caul  ”  and  kidney. 

The  fats  after  removal  from  the  carcase  are  thoroughly  washed  in  water 
which  is  tepid,  in  order  to  remove  any  adherent  blood  and  other  impurities. 
The  fats  are  then  immersed  in  ice-cold  water,  so  that  they  may  be  hardened. 
The  hardened  fats  are  then  cut  up  into  fine  mass,  and  the  material  so 
disintegrated  is  transferred  to  a  jacketed  melting-pan  provided  with  slowly 
moving  mechanical  agitators. 

In  melting  a  fat  for  edible  purposes  the  most  satisfactory  temperature 
for  rendering  is  that  which  is  as  little  above  the  melting-point  of  the  fat 
as  possible.  In  practice,  however,  this  course  cannot  usually  be  followed, 
on  account  of  the  length  of  time  which  is  required  to  adequately  render 
the  fats.  It  is  the  custom,  therefore,  to  carry  out  the  rendering  at  tem¬ 
peratures  of  from  130°  to  165°  F.  The  higher  temperature  is,  however, 
prone  to  produce  unsatisfactory  results  in  regard  to  quality,  but  a  greater 
yield  may  sometimes  be  obtained. 

When  the  fats  are  thoroughly  melted  the  mass  is  allowed  to  settle, 
and  salt  is  sprinkled  over  the  surface  of  the  liquid  to  assist  the 
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settling-out  of  the  tissues  and  water,  which  collect  at  the  bottom  of  the 
pan. 

The  clear  fat  is  then  run  into  another  series  of  kettles,  more  salt  is 
sprinkled  over  the  liquid,  while  the  temperature  is  maintained  at  a  some¬ 
what  lower  degree.  A  further  settling  completes  the  separation  of  tissue 
and  moisture. 

The  fat,  which  should  now  be  free  from  connective  tissue,  membranes, 
and  water,  is  then  run  into  settling-boxes,  and  allowed  to  stand  at  a 
temperature  which  experience  has  shown  to  be  best  suited  for  allowing 
a  crystallization  of  the  stearin  to  take  place,  a  process  usually  known  as 
“  seeding.”  The  suitable  temperature  for  “  seeding  ”  depends  upon  the 
proportion  of  stearin  to  olein,  and  varies  somewhat  .f or  different  fats. 

After  crystallization  has  taken  place  the  fats  are  run  into  casks  for 
shipment  or  other  disposal. 

For  success  in  manufacturing  edible  fats  it  is  absolutely  essential  that 
the  fat  be  obtained  from  the  animal  as  soon  after  death  as  possible. 

The  fats  vary  in  consistency  according  to  the  food,  sex,  and  part  of  the 
body  from  which  they  are  obtained.  Mutton  is  normally  harder  than  beef. 
Mutton  possesses  a  more  pronounced  odour  than  beef,  and  its  flavour  is 
less  agreeable. 

When  freshly  rendered,  animal-fat§  from  recently  slaughtered  animals 
contain  but  very  small  amounts  of  free  fatty  acids.  This  fact  was  formerly 
regarded  as  being  of  considerable  importance  in  judging  the  degree  of 
rancidity  of  edible  fats,  and  the  quantity  of  free  fatty  acids  present  in  a 
fat  or  oil  was  looked  upon  as  a  test  of  its  freshness  or  rancidity.  Old  and 
rancid  fats  were  found  to  have  very  high  acid  values. 

Rancidity,  however,  is  now  found  to  be  due  not  entirely,  or  even  chiefly, 
to  the  presence  of  the  free  fatty  acids.  It  appears  to  be  caused  by  the 
further  action  of  air  and  moisture  on  the  fatty  acids,  and  also  upon  the 
glycerine  set  free  when  a  fat  is  decomposed.  Amongst  the  secondary 
products  are  the  volatile  fatty  acids  and  certain  aldehydes,  especially 
oenanthaldehyde. 

In  regard  to  edible  fats,  a  consideration  of  the  effects  which  light,  air, 
and  moisture  exert  upon  the  chemical  composition  is  important. 

The  effect  of  light  alone  upon  a  dry  fat  protected  from  the  air  is  that 
of  bleaching,  oils  and  fats  acquiring  a  paler  colour,  some  even  becoming 
colourless.  It  seems  to  be  definitely  established  that  light  alone  is  unable 
to  produce  rancidity  in  oils  and  fats. 

The  action  of  air,  to  the.  exclusion  of  moisture  and  light,  has  no 
apparent  effect  at  ordinary  temperatures.  Fats  and  oils  will  therefore 
remain  practically  unchanged  for  an  indefinite  time  if  kept  protected  from 
light  and  moisture.  Since  it  is  difficult  to  exclude  every  trace  of  moisture 
from  fats  and  oils  rendered  under  commercial  conditions,  it  seems  desirable 
to  consider  in  some  detail  the  effects  of  moisture  upon  oils  and  fats. 

The  effect  of  moisture  upon  a  fat  is,  generally  speaking,  to  produce  a 
greater  or  less  degree  of  rancidity. 

Apart  from  the  chemical  changes  brought  about  in  the  composition  of 
fats  when  subjected  to  the  action  of  high  temperatures  in  the  presence  of 
moisture,  or  through  the  agency  of  strong  acids  or  alkalis,  it  is  important 
to  note  that  even  at  ordinary  temperatures  changes  may  be  brought  about 
by  the  action  of  water  if  naturally  occurring  ferments  or  enzymes  such  as 
steapsin  or  lipase  are  present.  In  animal-fats  rendered  under  commercial 
conditions,  especially  if  care  be  not  exercised  in  the  separation  of  the  animal- 
tissues,  it  will  be  found  that  a  ferment  similar  to  "  catalase  ”  is  present. 


1921.]  Wright. — Chemical  Technology  of  Meat  Industry. 


83 


It  is  known  that  there  are  present  in  small  amounts  fat-hydrolyzing 
enzymes  in  commercial  animal-fats  which  have  not  been  heated  to  such  a 
temperature  that  enzymic  activity  has  been  destroyed.  It  is  therefore  easy 
to  understand  the  changes  which  subsequently  take  place  in  such  fats  when 
moisture,  either  atmospheric  or  inherent,  is  present. 

It  is  well  known  that  oils  and  fats  if  kept  from  light,  air,  and  moisture 
retain  indefinitely  their  state  of  neutrality,  whereas  if  they  are  not  carefully 
preserved  (even  in  imperfectly  secured  casks  moist  air  may  gain  entrance) 
moisture  produces  free  fatty  acids  and  glycerine,  accompanied  by  the 
disagreeable  smell  and  acrid  taste  which  can  best  be  expressed  in  the 
statement  that  the  oil  or  fat  has  become  “  rancid.” 

In  the  light  of  the  more  recent  knowledge  regarding  the  nature  of 
rancidity  in  fats  it  has  been  possible  to  devise  a  test  which  gives  sensitive 
reactions  in  the  presence  of  a  rancidity  which  may  even  not  be  at  the  time 
detectable  to  the  odour  or  taste,  but  which  subsequent  development  reveals. 

This  test  is  a  modification  of  the  Kreis  reaction,  and  its  adoption  has 
provided  a  means  of  control  which  has  hitherto  been  lacking  at  the  point 
of  manufacture.  The  following  results  have  been  found  in  the  examination 
of  edible  fats  : — 

Table  IV.  Edible  Fat. 

Mutton.  Beef. 


Moisture 

Free  fatty  acids  . . 

Melting-point 

Titre 

Detritus 

Kreis  test  for  rancidity 
Flavour  and  odour 
Colour 


0-06  per  cent. 
0-35  per  cent. 
. .  504°  C. 

. .  494°  C. 

None 
Negative 
Normal 
Clear  white 
•  >ioi-  !i  '  - 


0*05  per  cent. 
0*27  per  cent. 
48-8°  C. 

46-5°  C. 

None. 

Negative. 

Normal. 

Yellowish. 
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NOTES  ON  THE  HABITS  AND  USES  OF  THE 

TOHEROA. 

* 

By  Miss  M.  K.  Mestayer,  Dominion  Museum, 

On  the  north-west  coast  of  the  North  Island  of  New  Zealand  there  is  a 
long  stretch  of  clean  sand,  fully  exposed  to  the  Pacific  swell.  Here  is 
the  chief  home  of  the  toheroa  [ Amphidesma  ventricosum  (Grray)],  which 
occupies  the  beaches  to  the  practical  exclusion  of  all  other  molluscs. 

Some  time  ago  I  received  from  Mr.  H.  Dargaville  a  very  interesting 
account  of  this  mollusc,  part  of  which  will  be  quoted  verbatim  :  “  The 

largest  beds  are  found  from  North  Kaipara  Head  to  Maunganui  Bluff,  and 
from  Maunganui  Bluff  to  Ahipara.”  It  has  recently  been  found  that  there 
is  an  even  better-stocked  bed,  extending  from  Onganga  Bay,  in  Ahipara 
Bay,  for  fifty-four  miles  northwards.  This  has  been  divided  into  two 
areas,  and  arrangements  are  being  made  to  invite  tenders  for  leasing  them. 
There  appears  to  be  a  small  bed  along  the  coast  for  some  considerable 
distance  north  of  Waikanae,  and  there  are  also  one  or  two  beds  in  the 
South  Island.  These  may,  however,  contain  a  closely  allied  species,  and 
a  number  of  specimens  from  different  South  Island  localities  would  be 
required  to  settle  this  point. 

The  toheroa  are  rather  migratory  in  habit,  moving  up  or  down  the  coast 
in  accordance  with  the  set  of  the  currents.  “  Their  mode  of  migration 
is  as  follows  :  At  one  moment  you  will  see  the  bare  sand  as  the  wave 
comes  in,  and,  immediately  it  starts  to  recede,  simultaneously,  and  in 
hundreds  or  thousands,  according  to  the  size  of  the  beds,  the  toheroa 
emerge  from  the  sand,  end  first,  and  go  down  with  the  receding  wave, 
and,  according  to  the  set  of  the  tide,  either  up  or  down  the  beach.  For 
what  distance  they  go  in  this  way  I  am  unable  to  say,  but  certainly  they 
move  about.  To-day  you  will  find  a  large  bed  in  a  certain  spot,  and  a  few 
days  afterwards  it  has  quite  disappeared.  I  think,  too,  that  most  fre¬ 
quently  their  journeyings  take  place  at  night,  as  their  natural  enemies, 
the  seagulls  and  other  sea-birds,  are  always  on  the  look-out  for  them  for 
food.” 

They  appear  to  remain  at  about  the  same  position  relative  to  sea-level 
on  the  beach  all  the  year  round — that  is,  from  about  half  to  extreme  low 
tide,  the  young  ones  mostly  living  at  about  half -tide.  As  minute  toheroa 
are  seen  “  in  millions  late  in  January  and  early  in  February,”  it  is  probable 
that  the  spawning  season  begins  about  November  or  December.  This 
would  also  be  suggested  by  the  fact  that  “  they  are  fatter  and  more  tender 
in  winter  than  summer.”  Full-grown  shells  reach  a  length  of  slightly 
over  6  in.,  but  it  is  not  known  how  long  they  require  to  reach  this  size. 
The  specimen  here  figured,  from  Northern  Wairoa,  is  5J  in.  long. 

Their  presence  in  the  sand  is  shown  by  a  small  indentation,  and  the 
shells  are  from  6  in.  to  9  in.  below  the  surface.  A  fork  similar  to  those 
used  for  digging  potatoes  is  the  best  means  of  getting  them  out. 

When  a  seagull  can  catch  one  out  of  its  hole  he  flies  up  with  it  to  a 
height  of  about  20  ft.,  and  drops  it  on  to  the  hard  sand,  thus  breaking  the 
shell. 

The  toheroa  are  extensively  used  as  food  by  the  Maoris  and  white  people 
living  within  reach  of  the  beds.  When  obtained  alive  they  are  prepared 
for  the  table  in  various  ways.  The  Maoris  place  them  in  an  open  flax 
basket  well  wrapped  in  leaves,  put  it  into  their  steam-oven  ( laangi ),  and 
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cover  it  with  hot  stones,  the  heat  from  which  soon  causes  the  adductor 

muscles  to  relax,  so  allowing  the  valves  to  spring  open.  Many  Europeans 
make  the  toheroa  into  a  soup,  which  is  highly  relished — indeed,  some 
epicures  consider  it  superior  to  turtle-soup.  Another  way  of  preparation 
is  to  fry  them  in  butter  and  serve  very  hot ;  also,  if  carefully  scalloped, 
they  would  probably  be  quite  as  palatable  as  oysters. 

There  is,  unfortunately,  very  considerable  difficulty  in  marketing  the 
toheroa  alive,  for  they  cannot  entirely  close  their  shells,  so  that  the  sea¬ 
water  needed  to  keep  their  gills  moist  quickly  escapes.  Herein  they  differ 
from  oysters,  which,  owing  to  the  close  fit  of  their  valves,  can  retain  sufficient 
water  to  keep  them  alive  for  several  days.  It  is,  therefore,  only  in  places 
fairly  near  the  beds  that  the  living  toheroa  can  be  successfully  marketed, 
and  even  in  Auckland  they  are  only  occasionally  to  be  seen  in  the  fish- 
shops.  This  means  that  they  must  be  canned  before  any  profitable  use 
can  be  made  of  them  beyond  the  immediate  neighbourhood  of  the  beds. 


The  toheroa  [. Amphidesma  venlricosum  (Gray)].  Two-thirds  natural  size. 

The  large  northern  beds  are  divided  into  four  areas,  and  prior  to  the 
erection  of  a  factory  on  one  of  these  a  license  has  to  be  obtained  from  the 
Minister  of  Marine.  Private  persons,  however,  have  the  right  to  take  what 
they  require  for  their  own  consumption  in  any  area  without  charge.  The 
areas  are  under  Government  control,  and  the  quantities  picked  are  regulated 
by  the  condition  of  the  beds.  Careless  or  excessive  picking  may  lead  to 
a  license  being  cancelled.  The  regulations  and  conditions  of  license  are 
published  in  the  New  Zealand  Gazette.  There  is  provision  made  for  working 
the  southern  beds  under  somewhat  similar  conditions,  but  so  far  no  license 
has  been  issued  for  them. 

When  gathered  for  canning,  the  animals  are  taken  out  of  their  shells 
on  the  beach,  and  sent  at  once  to  the  factory,  where  they  are  cooked  and 
tinned. 

The  marked  difference  in  the  physical  condition  of  the  toheroa  has  had 
the  effect  of  making  the  summer  months  practically  a  close  season,  as,  if 
tinned  then,  they  very  quickly  go  bad.  Possibly  this  renders  the  official 
proclamation  of  a  close  season  needless.  At  least  one  factory  had  to 
destroy  all  it  had  put  up  one  summer  ;  but  when  preserved  in  whnter  the 
toheroa  kept  good  for  quite  a  long  time. 

At  the  present  time  there  is  only  one  factory  engaged  in  this  industry. 

My  thanks  are  due  to  Mrs.  W.  R.  B.  Oliver  for  the  original  drawing  of  a 
toheroa. 
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<A  MYSTERY  OF  FIORDLAND:  A  VANISHED  MAORI 

TRIBE. 

■  V  7'  ■  ..  ■ 

By  H.  Beattie.  "  *l. 

"  ■.  <j'  ■  '  ■ 

^One  of  the  most  fruitful  sources  of  discussion  and  conjecture  an?#ngi, the 
remnant  of  Otago  and  Southland  Maoris  now  surviving  is  the  identity  gnd 
fate  of  the  natives  known  to  have  inhabited  Fiordland  down  to  a  period 
-Well  within  the  recollection  of  men  still  living.  Traces  of  these  elusive 
people  have  been  found  as  late  as  1874,  but  from  that  date  onward  they 
seem  to  have  vanished  from  human  ken. 

In  the  case  of  ancient  inhabitants  of  the  South  Island  who  were  van¬ 
quished  in  warfare,  and  who  betook  themselves  to  mountainous  or  densely 
wooded  country  for  safety  and  preservation,  Maori  traditions,  after  the 
lapse  of  centuries,  speak  of  them  as  maeroero  (wild  men  of  the  woods)  or 
patupaiarehe  (fairies),  but  in  the  case  under  review  the  fugitive  residents 
of  western  Otago  are  spoken  of  as  human  beings  like  unto  the  Maoris  who 
are  describing  them.  The  inference  from  this  fact  is  that  these  people 
entered  the  wilderness  at  a  comparatively  recent  date.  The  certainty  that 
such  a  people  really  did  exist  (if  they  do  not  actually  persist  to  this  day) 
is  not  based  on  Maori  testimony  alone — although  that  is  trustworthy  if 
one  ‘goes  to  reliable  sources — but  also  on  the  observations  of  various 
Europeans 

■  ■  ...  > .}  ’  r '\  - 

The  Evidence  of  Europeans. 

In  March,  1773,  Captain  Cook  saw  natives,  whom  ho  called  “Indians,’' 
in  Dusky  Sound,  and  he  named  Indian., Island  there  in  consequence. 

In  November,  1791,  Vancouver  visited  Dusky  Sound,  but  found  no 
trace  of  inhabitants  except  one  or  two  round-shaped  huts. 

In  1823  John  Dawson,  master  of  the  “  Samuel,”  left  the  following 
inscription  at  Preservation  Inlet  on  a  stone  slab  :  “  Beware  of  the  natives — 
plentey  at  Preservation.  John  Dawson,  master.”  This  historic  slab  is 
now  in  the  Southland  Museum,  at  Invercargill. 

In  1842  Captain  Howell’s  men  found  traces  of  fugitive  Maoris  in  Bligh 
Sound,  and  Canon  Stack  has  recorded  the  circumstances  in  his  book  dealing 
with  the  South  Island  Maoris. 

In  1849-50  Captain  Stokes,  of  H.M.S.  “  Acheron,”  reported  the  existence 
of  a  wild  tribe  at  Bligh  Sound,  and  he  named  a  river  there  “  Wild  Natives 
River,”  a  name  still  on  the  map. 

In  1852  Mr.  W.  B.  D.  Mantell,  reporting  on  the  Murihiku  Block,  says, 
“Blythe  Bay  is  the  seaside  haunt  of  the  once  powerful  Hawea  tribes.” 
“  Blythe  Bay  ”  is  now  known  as  Bligh  Sound. 

In  1861,  it  is  stated,  the  Otago  Provincial  Council  issued  a  notice 
warning  prospectors  to  be  on  their  guard  against  wild  natives  in  the  more 
remote  parts  of  Otago. 

Writing  in  the  “  seventies  ”  of  last  century,  a  European  says,  “The 
natives  on  the  West  Coast  north  of  Milford  Sound  say  they  have  often  seen 
the  smoke  of  the  fugitives’  fires,  and  sometimes  they  find  recent  camping- 
places  ;  and  many  years  ago  a  woman  was  captured  by  them  while  she  was 
gathering  shell-fish  on  the  beach  ;  but  owing  to  her  escape  in  the  night  little 
information  was  obtained  as  to  the  habits  of  her  people.  Natives  have 
been  seen  by  crews  of  passing  vessels  fishing  on  the  rocks  in  localities  never 
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occupied  by  Maoris,  other  Maoris  furnishing  additional  evidence  of  the 
existence  of  these  wild  men.” 

■  <  Maori  Accounts. 

So  much  for  the  evidence  of  white  men  as  to  the  fact  that  Maori 
refugees  were  living  on  the  West  Coast  from  Preservation  Inlet  to  north  of 
Milford  Sound  in  the  eighteenth  century  and  during  the  first  seven  decades 
of  the  past  century.  The  evidence  vouches  for  the  fact,  but  it  brings  us  no 
nearer  a  solution  of  the  problem.  For  albthe  Europeans  knew  to  the  contrary, 
the  Maoris  reported  in  the  Fiords  might  have  been  visitors  from  Hokitika 
and  Arahura  to  the  north,  or  Colac  Bay  and  Ruapuke  to  the  south.  It 
is  when  we  touch  the  Maori  side  of  the  case  that  it  begins  to  assume  a 
problematical  aspect.  The  mystery  of  the  final  disappearance  of  those  wild 
natives  has  as  much  interest  for  the  pakeha  as  for  the  Maori,  but  the 
problem  of  the  identity  of  those  people  affects  the  Maori  solely,  and  its 
solution  can  only  be  attempted  on  Maori  evidence. 

Nearly  all  the  old  Maoris  whom  the  writer  interviewed  in  southern 
New  Zealand  had  something  to  say  about  the  wild  natives,  and  their 
information  is  herewith  presented.  j 

One  old  man  narrated  :  4 ‘Long  ago  [1842]  a  sealing-party  of  Howell’s 
went  into  Bligh  Sound,  where  they  saw  smoke  coming  from  a  cave.  They 
chased  the  cave-dwellers  for  a  good  distance.  Snow  lay  on  the  ground 
and  the  tracks  were  easy  to  follow,  but  the  pursuers  could  not  catch  the 
wild  natives.  Te  Au,  who  was  a  Kati-Mamoe  himself,  followed  them 
farthest,  but  in  the  end  he  gave  up  the  chase.  The  sealing-party  were 
Captain  Gilroy  (mate  of  the  schooner),  Henare  Paremata,  Te  Au,  Pakipaki, 
and  others,  and  the}^  brought  away  a  'patu-'paraoa  (whalebone  mere)  and 
kokahu  (mats)  as  relics  of  the  people  of  the  cave.  Those  people  were 
supposed  to  be  Hawea5  people,  and  Bligh  Sound  has  since  then  borne  the 
Maori  name  of  Te  Ana-ha wea  (the  cave  of  the  Hawea  Tribe).  Some  years 
before  this  took  place  the  white  sealers  told  the  Maoris  that  a  native  woman 
was  living  on  the  west  side  of  Taumoana  (Resolution  Island),  and  a  party 
went  there  to  catch  her.  They  spread  out  in  the  search,  and  the  two  or 
three  men  who  caught  her  asked  her  name  and  then  killed  her.  There 
were  no  chiefs  present  at  this  killing,  and  when  they  came  up  and  found 
she  was  dead  they  were  very  angry;  as  they  considered  she  might  have  been 
able  to  give  good  information.  She  might  have  been  able  to  tell  about 
the  ancient  people  of  Te  Waipounamu  (South  Island).  Her  name  was 
Taki-te-kura  and  it  is  thought  she  was  a  Kati-Mamoe  woman.  Some 
time  about  then  a  sealing-party  under  4  Long  Harry’  [Henry  Boardman] 
entered  Dusky  Sound  and  went  by  Acheron  Passage  into  Wet  Jacket  Arm, 
where  they  came  suddenly  on  about  forty  natives  cooking  weka  (woodhens) 
by  the  kohiku  method.  The  Maoris  appeared  quite  friendly  and  did  not  seem 
afraid,  so  the  sealers  went  back  a  little  way  to  a  landing-place  and  tied  the 
boat.  When  they  got  to  the  camp  not  a  native  was  to  be  seen  ;  they 
and  their  belongings  had  completely  disappeared,  leaving  the  fires  burning. 
The  sealers  were  afraid  to  go  far  into  the  bush,  so  gave  up  the  search  and 
rowed  away.  4  Long  Harry  ’  lived  for  years  after  this  at  Orautahi  (Smoky 
Cave,  on  Stewart  Island),  and  it  was  from  his  own  lips  I  heard  the  story. 
I  think  those  wild  natives  would  all  die  out  long  ago.” 

An  old  man  at  the  Bluff  told  me  that  he  had  been  in  all  the  sounds 
several  times  since  1864,  and  at  no  place  did  he  ever  see  any  evidence  of 
wild  natives.  But  there  still  lives  at  Colac  Bay  a  survivor  of  the  famous  party 
who  saw  the  last  recorded  traces  of  the  refugees.  This  was  in  about  1873 
or  1874,  and  the  party  was  round  at  the  head  of  Milford  Sound.  Their 
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leader,  old  Aperahama  Hutoitoi,  said  that  he  had  been  there  once  before, 
on  which  occasion  he  had  noticed  flax  tied  in  a  bundle  floating  by,  and 
from  this  fact  he  surmised  that  Maoris  were  living  up  the  Arthur  River. 
The  party  went  up  the  river  and  discovered  Lake  Ada,  which  they  called 
Te  Moana.  They  also  discovered  in  the  mud  prints  of  naked  feet,  and 
in  the  bush  ashes  of  fires,  and  under  overhanging  rocks  deserted  sleeping- 
places.  That  is  the  last  trace  repotted  of  the  vanished  tribe. 

An  aged  Murihiku  Maori  said,  “  I  know  of  three  times  that  wild  natives 
have  been  seen.  Firstly,  when  Te  Waewae  was  with  a  party  up  the  Waiau 
River,  at  Te  Anau  Lake,  he  and  his  people  saw  six  men  in  a  canoe.  These 
were  strange  natives,  and  a  woman  in  Te  Waewae ’s  party  hailed  them. 
The  strangers  never  answered,  but  went  on  paddling  and  were  soon  out  of 
sight.  Secondly,  when  Paina,  Te  Awha,  and  others  were  up  at  Te  Anau 
they  went  out  eeling  one  night  and  saw  a  light  farther  up  the  lake.  They  at 
first  thought  it  was  some  of  their  companions,  and  when  they  found  this 
was  not  so  they  put  it  down  to  diggers  prospecting  [this  was  in  the  “  sixties  ”]• 
Next  day  they  went  up  to  look  and  found  paraerae  (flax  sandals)  and  Jcohiku 
(sticks  for  holding  game  over  a  fire),  but  they  still  thought  these  things 
had  been  used  by  pakehas,  until  they  saw  the  prints  of  bare  feet  in  the  sand 
and  knew  at  once  these  marks  had  b§en  made  by  the  flat  feet  of  natives 
and  not  by  the  arched  instep  of  the  white  man.  Thirdly,  a  whaling-ship 
of  Captain  HowelTs  went  into  Bligh  Sound.  Before  dropping  anchor  the 
crew  saw  fires  on  the  beach  and  people  flitting  about.  The  next  morning 
the  ashes  were  there,  also  some  weapons,  but  the  natives  were  gone. 

“  I  think  those  people  were  some  of  Te  Raki’s  hapu,  but  no  one  seems 
to  know.  When  Te  Puoho’s  raiders  came  to  Lake  Hawea  [1836]  Te  Raki 
and  his  people  disappeared  into  the  west.  After  the  raid  was  over,  Poko- 
hiwi,  Haereroa,  and  others  went  up  to  look  for  Te  Raki.  They  found  the 
whare  left  in  good  order  some  time  before,  and  tl^ey  searched  westward. 
They  came  on  the  ashes  of  camp-fires,  and  followed  the  traces  right  into 
the  west  until  the  country  became  so  wild  that  they  returned.  Those  are 
the  people  that  I  think  were  seen  at  Bligh  Sound  [1842]  and  Te  Anau 
[1863],  but  I  do  not  suppose  any  of  them  are  living  now.  I  have  asked 
both  pakehas  and  Maoris  about  those  people  who  fled  into  the  western 
forests,  but  have  never  been  able  to  get  any  information.  I  would  like 
to  know,  as  I  am  related  to  those  Hawea  people.” 

A  Colac  Bay  native  narrated  that  the  late  Rawiri  te  Awha  had  been 
one  of  a  party  of  Maoris  living  on  the  shores  of  Te  Anau  some  eighty  or 
ninety  years  ago.  Under  the  custom  of  ohu  the  men  were  assembled  assisting 
a  man  to  make  a  garden  at  some  distance  from  the  whare  (houses).  In  one 
of  these  whare  a  woman  and  some  girls  were  making  a  mat,  when  in  walked 
three  strange  men  and  began  examining  the  dwelling.  They  looked  at  the 
greenstone  hung  up,  but  did  not  take  it  down,  and  they  watched  the  manu¬ 
facture  of  the  mat.  A  girl  had  slipped  away,  and  told  the  men  of  the  haika 
about  the  visitors,  and  on  the  approach  of  the  former  the  latter  hurried 
away.  Te  Waewae  gave  instant  chase,  but  his  prospect  of  overhauling 
the  quarry  was  ruined  through  his  inability  to  swim  :  the  fugitives  plunged 
straight  through  creeks  and  lagoons,  while  he  had  to  look  for  places  narrow 
enough  to  jump.  Rawiri  always  laughed  heartily  in  recounting  the  great 
state  of  excitement  Te  Waewae  was  in,  and  at  the  antics  his  eagerness  led 
him  into.  The  woman  was  too  afraid  to  question  the  men,  but  they  were 
said  to  be  fugitive  Kati-Mamoe,  and  the  narrator  was  of  the  opinion  that  a 
few  might  possibly  live  in  the  wilds  yet.  In  the  sealing  days  the  Maoris 
heard  the  sealers  say  a  wild  woman  lived  at  Dusky,  and  a  party,  including 
Rimurapa,  Hurou,  and  Whatui,  went  round  there.  It  was  Whatui  who 
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killed  the  unfortunate  woman,  and  Hurou,  who  came  too  late  on  the  scene 
to  save  her,  gave  him  a  thorough  scolding. 

A  Stewart  Island  native  mentioned  that  Harry  West  (who  was  later 
well  known  at  the  Bluff)  was  with  the  celebrated  “  Paddy  ”  Gilroy  when  the 
latter’s  crew  saw  smoke  at  Bligh’s  Sound  [in  1842]  and  fruitlessly  chased 
the  wild  residents.  A  Maori  called  Tutoko  and  another  called  Kohatu, 
their  wives,  and  other  Maoris  were  then  living  at  Martin’s  Bay,  and  these 
people  said  that  the  reports  of  the  existence  of  wild  natives  were  true. 
They  could  see  flax  that  had  been  cut  with  the  pipi  (mussel),  and  not  with 
the  European  knife,  come  floating  down  the  Whakatipu  Biver  [Hollyford], 
and  so  they  left  the  locality.  The  sealers  also  said  that  above  Caswell  Lake 
they  saw  smoke  issuing,  and  they  went  over  and  saw  some  very  long  foot¬ 
prints.  A  “  wizard  ”  at  Ruapuke  had  a  ££  vision  ”  in  which  he  could  see 
the  wild  natives.  He  described  their  doings  in  detail,  and  said  that  their 
chief  was  lying  with  his  back  to  the  fire.  Now,  all  these  things  excited  the 
imagination  of  the  southern  Maoris,  and  they  talked  of  arranging  an 
expedition  to  go  and  secure  some  of  the  wild  natives  (whether  for  curiosity 
or  scientific  purposes  is  not  stated).  John  Topi  applied  to  the  New  Zealand 
Government  for  food  and  guns  for  the  trip.  The  Government,  my  informant 
added,  were  willing  to  supply  provisions,  but  would  not  countenance  the 
use  of  firearms.  The  Maoris  would  not  go  unless  properly  armed,  so  the 
projected  expedition  came  to  naught. 

The  writer  has  a  further  note  that  an  old  Maori,  named  Kapiti,  and  his 
sister,  Popokore,  who  lived  up  the  Aparima  River  (which  is  in  bush  country) 
had  frequent  visits  from  the  refugees.  The  lonely  situation  of  their  home 
and  their  kindliness  of  nature  led  the  forest-dwellers  to  call  on  them,  so 
it  is  said,  and  these  visits  are  stated  to  have  continued  until  the  death 
of  the  aged  pair,  some  time  in  the  “  fifties.”  The  writer  would  like  some 
corroboration  of  this  statement  before  finally  accepting  it  as  correct. 

Who  were  the  Wild  Natives  ? 

A  pakeha  opinion  that  the  Fiordlanders  were  the  descendants  of  the 
Moriori  who  inhabited  the  South  Island  long  ago  is  now  no  longer  held. 
Canon  Stack  assumes  them  to  be  the  remnant  of  Kati-Mamoe  who  were 
driven  by  their  Kai-Tahu  conquerors  into  the  western  forests.  Another 
historian  considers  they  were  the  Kati-Mamoe  escapees  from  the  fight  on 
the  western  side  of  Lake  Te  Anau. 

The  Maoris  have  no  clear-cut  views  as  to  the  identity  of  the  wild  natives, 
and  they  advance  differing  opinions  as  to  the  particular  events  which 
drove  those  unfortunate  refugees  into  the  solitudes  of  the  west.  One  old 
man  surmised  that  they  were  Waitaha  people  who  became  alarmed  when 
the  Kai-Tahu  and  Kati-Mamoe  amalgamated  into  one  tribe,  and  who  there¬ 
fore  fled  to  the  west  for  safety.  Most  of  my  Southland  informants,  however, 
considered  that  the  wild  natives  were  the  descendants  of  the  survivors, 
both  Kai-Tahu  and  Kati-Mamoe,  of  the  fight  at  Te  Whara,  Matauira  Island, 
Preservation  Inlet.  The  participants  in  that  historic  encounter  went  round 
from  Otago  Peninsula  and  Foveaux  Strait,  and,  although  word  of  the  out¬ 
come  drifted  back  in  some  manner  or  other,  none  of  the  prominent  actors 
in  the  affair  are  known  to  have  returned  to  their  old  homes.  The  Kati- 
Mamoe  were  worsted  by  a  ruse,  but  cleared  out  with  the  Kai-Tahu  canoes, 
the  victors  of  the  fight  being  thus  marooned,  it  is  stated,  although  it  seems 
strange  that  they  could  not  have  returned  overland  if  they  had  been  very 
anxious.  It  is  conjectured  that  it  was  these  surviving  participants  of  the 
Te  Whara  fight  who  were  seen  by  Captain  Cook  in  Dusky  Sound. 
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One  of  my  infGrmar#s  referred  to  the  fight  at  Waiharakeke  (Lillburn, 
Waiau  River),  where  a  raiding  party  fell  on  an  unsuspecting  settlement  of 
Waitaha  and  Kati-MalinW  Ip^^ple,  killing  the  chief  (Whetuki  by  name) 
and  others,  and  taking  prisoiMr&L' ^Two  warriors,  Pane-te-kaka  and  Makata- 
whio,  escaped  into  the  west^tii  A-b^ests  and  were  never  seen  again,  pre¬ 
sumably  forming  part  and  parcel  of  the  wild  natives  of  their  day. 

Te  Maiharoa,  who  died  in  1885,  used  to  say  he  considered  there  were 
perhaps  forty  natives  in  the  Fiords  district  from  Milford  Sound  to  Dusky 
Sound,  and  that,  as  far  as  he  knew,  they  were  of  Kati-Mamoe  lineage,  or 
allied  to  that  tribe. 

It  will  be  noticed  that  the  Southland  Maoris  in  1842  and  1852  called  the 
wild  natives  “  Hawea.”  Who  were  the  Hawea  people  ? 

A  very  well-informed  Maori  assures  me  that  the  Hawea  were  the  first 
race  to  inhabit  the  South  Island.  They  were  not  Maoris,  he  says,  but  an 
extremely  dark-skinned  race,  with  thick  lips,  strong  white  teeth,  and  curly 
hair.  They  were  displaced  by  the  Rapuwai,  who  were  not  so  dark  as  the 
Hawea,  but  were  nevertheless  an  ill-favpured  lot,  being  ugly  to  look  at, 
and  clumsy  and  awkward  in  their  movements.  The  next  race  to  inhabit 
the  South  Island  were  the  Waitaha,  and  they  were  the  first  proper  Maoris 
to  arrive  in  New  Zealand,  so  he  said,  and  they  were  followed  by  the  Kati- 
Mamoe  and  Kai-Tahu  peoples.  The  Hawea  did  not  come  from  Hawaiki, 
but  from  a  different  land  altogether. 

This  information  is  interesting,  but  it  seems  to  the  writer  that  it  is  not 
the  Hawea  described  above  who  are  the  Hawea  of  Fiordland.  Nor  would 
he  ascribe  the  origin  of  the  title  “  Hawea  ”  as  applied  to  the  wild  natives 
to  the  fact  that  some  of  the  refugees  apparently  fled  from  Lake  Hawea, 
although  such  a  theory  was  promulgated  by  one  Maori.  Hawea  is  also  a 
name  for  an  influential  sub-tribe  of  Kati-Mamoe,  and  it  was  some  of  these 
people  who  are  said  to  have  fought  at  Te  Whara,  and  to  have  remained 
round  on  the  west  coast  after  that  event,  while  another  portion  of  Kati- 
Hawea  remained  at  Otago  Heads.  This  is  the  origin  of  the  name  “  Hawea  ” 
applied  in  this  case,  as  far  as  the  writer  can  ascertain. 

To  survey  the  whole  evidence  so  far  available,  it  seems  most  probable 
that  the  denizens  of  the  wild  west  region  of  Otago  were  not  driven  there  by 
any  one  event  at  any  one  given  time,  but  were  rather  the  refugees  of 
various  occurrences  at  widely  separated  points  and  periods.  Some  would 
be  the  survivors  of  the  fight  in  Preservation  Inlet,  some  the  fugitives  from 
Waiharakeke  and  Te  Anau  fights,  some  had  fled  from  the  Wanaka-Hawea 
district,  and  others  were  perhaps  driven  down  from  Westland  warfare.  They 
would  probably  be  in  small  bands — one  about  Martin’s  Bay  and  Milford 
Sound,  another  about  Dusky  and  Breaksea  Sounds,  another  about  Lakes 
Te  Anau  and  Manapouri,  and  yet  another,  probably,  in  the  bush  region  west 
of  the  Waiau  River.  They  appear  to  have  been  timid,  inoffensive  wanderers, 
and  it  is  likely  that  if  in  bands,  as  suggested,  they  would  flee  at  one 
another’s  approach.  There  is  no  tradition  of  their  having  killed  any  one 
since  they  fled  to  the  sanctuary  of  the  wilds. 

It  seems  scarcely  probable  that  any  of  these  shy,  harmless  creatures 
can  survive  to  this  day.  Canon  Stack  in  1898  wrote,  “It  is  just  possible 
that  a  small  remnant  may  still  remain  secreted  in  the  recesses  of  that 
inaccessible  region.”  At  one  time  it  was  thought  the  moa  would  be  found 
there,  but  that  dream  has  vanished,  and  so  must  also  the  dream  of  finding 
a  Stone  Age  people  in  New  Zealand.  But  what  is  to  prevent  the  discovery 
sooner  or  later  of  their  places  of  shelter,  of  their  mouldering  mats  and 
baskets,  and  of  their  rude  tools  ? 
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A  National  Observatory  for  New  Zealand.* 

By  C.  E.  Adams. 

New  Zealand  occupies  a  unique  position  in  the  Southern  Hemisphere 
for  an  observatory,  and  sites  are  here  obtainable  farther  south  than  in  any 
other  British  possession,  and  with  climatic 'conditions  believed,  to  be  second 
to  none  in  the  world. 

British  and  American  astronomical  expeditions  have  visited  New  Zealand, 
in  the  past  to  observe  the  transits  of  Venus  in  1874  and  1882,  when  sites 
at  Queenstown  and  Burnham  were  occupied. f 

In  the  New  Zealand  Journal  voj  Science%  Professor  Cook  drew  attention 
in  1882  to  the  peculiar  position  that  has  arisen  in  New  Zealand  in 
astronomy,  and  strongly  contrasted  the  relatively  lavish  endowment  of  the 
natural  sciences  with  the  almost  complete  neglect  of  the  astronomical 
sciences.  He  wrote  : — 

But  though  isolated  individuals  may  do  good  work  in  certain  direc¬ 
tions,  astronomical  science  will  never  make  much  headway  in  this  colony 
until  we  have  in  it  a  properly  equipped  colonial  observatory.  At  such  an 
institution  systematic  and  regular  work  would  be  done  by  trained  observers  : 
work  which  would  be  out  of  the  province  of  an  amateur,  and  indeed  beyond 
his  reach.  The  results  of  the  observations  would  be  published  from  time 
to  time,  papers  would  be  read  by  the  observers  before  the  New  Zealand 
Institute,  and  in  this  way  an  interest  in  the  subject  would  be  excited 
in  the  minds  of  very  many.  If  any  of  those  were  tempted  to  study  the 
subject  on  their  own  account,  and  to  try  to  apply  their  knowledge  to  the 
making  of  observations  for  themselves,  it  would  be  to  the  official  staff  of 
the  observatory  that  they  would  maturallv  turn  for  guidance  and  assistance. 
There  is  not  much  reason  in  the  nature  of  things  why  this  colony  should 
not  be  as  distinguished  for  the  pursuit  of  astronomy  as  it  is  for  that 
of  natural  science.  But  every  provision  has  been  made  for,  and  every 
encouragement  given  to,  the  study  of  natural  science  :  there  are  excellent 
museums  at  Wellington,  Christchurch,  and  Dunedin,  and  at  each  of  these 
places  there  is  a  certain  scientific  staff  ;  at  Auckland,  too,  there  is  a  museum, 
and  there  may  be  such  institutions  at  other  places  within  the  colony.  All 
of  these  serve  as  active  centres  of  intellectual  life  ;  they  spread  abroad 
a  taste  for  the  study  of  natural  science,  and  they  largely  furnish  the  means 
for  gratifying  and  cultivating  that  taste.  Anybody  who  is  acquainted 


*  Paper  read  before  the  New  Zealand  Institute  Science  Congress,  25th-29th 
January,  1921. 

f  Transit  of  Venus,  1874,  December  8  :  British  Observations  ;  H.M.  Stationery  Office, 
London,  1881.  Observations  of  the  Transit  of  Venus,  1874,  December  8 ;  Washington 
Government  Printing  Office,  1880.  Transit  of  Venus,  1882,  December  6 :  Report  of  the 
British  Government  Committee. 

f  Vol.  1,  No.  6,  November,  1882,  p.  247. 
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with  the  growth  of  these  institutions  must  recognize  how  large  a  share 
they  have  had  in  turning  the  scientific  attention  of  the  people  of  the  colony 
into  a  particular  direction.  The  kind  of  work  which  the  museums  have 
done  for  natural  science  we  might  expect  that  an  observatory  would  do 
for  astronomy.  It  is  quite  true  that  causes  other  than  the  one  mentioned 
have  contributed  to  the  advancement  of  natural  science  ;  a  new  country, 
and  one  whose  flora  and  fauna  are  so  peculiar  as  those  of  New  Zealand, 
must  always  excite  attention  and  have  special  charms  for  the  naturalist. 
But  have  we  not  here  also  a  new  star-field  to  explore,  and  new  constella¬ 
tions  to  examine  ? 

“  It  is  really  a  very  curious  fact  that  this  colony  should  have  provided 
itself  so  well  with  museums,  and  that  it  should  be  without  an  efficient 
observatory.  We,  of  course,  expect  to  find  both  kinds  of  institution  in 
the  older  countries  of  Europe.  But,  whatever  may  have  been  done  for 
museums  in  newer  countries,  it  is  quite  certain  that  in  most  of  them 
observatories  have  not  been  forgotten.  There  are  at  least  twelve  in  the 
United  States,  there  is  at  least  one  in  Canada,  there  is  one  at  the  Cape  of 
Good  Hope,  one  at  Sydney,  one  at  Melbourne,  and  one  at  Adelaide.  Thus 
it  appears  that  New  Zealand  is  the  only  considerable  British  colony  without 
an  observatory.  And  these  colonial  observatories  were  established  in  the 
early  days  of  their  respective  colonies,  and  they  have  all  done  signal 
service  to  the  cause  of  astronomy.  That  at  the  Cape  of  Good  Hope  was 
founded  in  the  year  1820,  and  it  was  from  observations  made  there  in 
1832  and  1833  that  the  distance  of  a  Centauri,  the  nearest  of  the  few 
stars  whose  distances  have  been  even  roughly  ascertained,  was  determined. 
It  was  to  the  Cape  of  Good  Hope  that  Sir  John  Herschel  went  in  1835 
for  the  purpose  of  observing  the  southern  nebulae  ;  and  it  was  whilst 
there  that  he  closely  observed  the  curious  changes  which  took  place  in 
Halley’s  Comet  after  it  had  passed  perihelion,  and  after  it  had  become 
invisible  in  the  north.  The  Sydney  Observatory  sprang  out  of  one  which 
was  originally  founded  at  Parramatta,  in  1821,  by  Sir  Thomas  Brisbane, 
who  was  at  that  time  Governor  of  New  South  Wales.  He  furnished  it 
with  excellent  instruments,  and  ‘  in  the  same  noble  spirit  of  disinterested 
liberality,  he  employed,  at  his  own  expense,  two  qualified  assistants  to 
aid  him  in  his  astronomical  labours.’  From  observations  made  here,  two 

catalogues,  each  containing  several  thousands  of  stars,  were  published. 

It  was  here  also  that  Riimker,  one  of  the  assistants  above  alluded  to, 
observed  the  return  of  Enke’s  Comet  in  1822.  This  was  the  first  return 
of  the  comet  after  it  had  been  ascertained  to  be  periodic  :  it  was  therefore 
of  great  importance  that  good  observations  of  it  should  be  secured,  and 
the  comet  was  not  visible  in  Europe.  The  Melbourne  Observatory  was 
founded  in  1853,  but  it  was  not  till  some  years  later  that  the  buildings  at 
present  in  use  were  erected  and  the  observatory  put  into  a  thoroughly 
efficient  state.  Still,  it  speaks  well  for  the  people  of  Victoria  that,  at  a 
time  when  the  gold  fever  was  at  its  height,  such  an  institution  was 

thought  of.  It  is  worthy  of  remark  that  about  the  same  time  the 

Melbourne  University  and  the  Public  Library  were  founded.  Excellent 
work  has  on  several  occasions  been  done  at  the  Melbourne  Observatory  : 
notably,  it  was  the  observations  there  made  on  Mars,  at  his  near  approach 
to  the  Earth  in  1862,  used  in  conjunction  with  those  made  at  Greenwich, 
that  gave  the  best  determination  which  up  to  that  time  had  been  arrived 
at  of  the  Sun’s  distance  from  the  Earth.  These  points  in  connection  with 
these  southern  colonial  observatories  have  been  mentioned  to  show  that  they 


1921,] 


Astronomical  Notes. 


93 


were  established  on  a  good  footing  in  the  early  days  of  the  colonies  to  which 
they  belong,  and  that  they  have  on  important  occasions  been  able  to  do 
work  which  could  not  have  been  foregone  without  very  serious  loss.” 

The  position  as  then  described  has  not  altered  much,  although  eight 
years  ago  it  seemed  that  a  marked  improvement  was  then  to  be  made. 
In  1913  Miss  Mary  Proctor,  Fellow  of  the  Royal  Astronomical  Society, 
London,  visited  New  Zealand  with  the  object  of  raising  funds  for  a  solar 
observatory.  Her  interesting  lectures  are  still  remembered,  and  a  small 
fund  is  held  in  Wellington  made  up  from  the  proceeds  of  the  lectures  and 
other  donations.  This  fund  is  to  be  devoted  to  a  Proctor  Library,  which 
should  ultimately  find  a  home  in  the  National  Observatory. 

While  in  Nelson  Miss  Mary  Proctor  met  the  late  Thomas  Cawthron, 
and  he  was  so  interested  in  her  mission  that  he  wrote  to  her  offering  to 
build  and  endow  a  solar  observatory  at  Nelson,  and  to  provide  £12,000 
for  this  purpose.  To  satisfy  himself  that  Nelson  was  a  suitable  place  for 
a  solar  observatory  Mr.  Cawthron  obtained  the  services  of  Mr.  John 
Evershed,  F.R.S.,  the  celebrated  solar  physicist.  Mr.  Evershed  spent 
a  month  or  so  testing  different  sites  near  and  in  the  city  of  Nelson, 
and  reported  favourably  on  a  site  on  the  Port  Hills.  Mr.  Cawthron  there¬ 
upon  had  a  deed  engrossed  in  which  he  agreed  to  provide  the  sum  of 
£30,000  for  a  solar  observatory.  This  deed  was  ready  for  signature  before 
war  broke  out.  Mr.  Cawthron  purchased  a  site  on  the  Port  Hills  for  the 
solar  observatory,  and  accepted  the  gift  of  an  adjoining  property  for  the 
same  purpose.  But  although  all  this  was  done,  he  died  in  1915  without 
signing  the  trust  deed.  The  bulk  of  his  estate,  some  £250,000,  was  left 
to  found  the  Cawthron  Institute  at  Nelson,  and  it  is  confidently  expected 
that  some  of  these  funds  will  be  devoted  to  the  science  of  astronomy,  in 
which  Mr.  Cawthron  showed  such  a  definite  interest. 

•j  : ,  '  [30  •  ‘ 

There  are  a  number  of  private  observatories  in  New  Zealand  that  are 
doing  excellent  work.  The  largest  telescope  is  at  Wanganui,  and  belongs 
to  the  Astronomical  Society  there.  It  is  a  9|  in.  Cooke  refracting  equatorial 
telescope,  and  in  the  capable  hands  of  Mr.  J.  T.  Ward  and  Mr.  Thomas 
Allison  has  done  much  valuable  work. 

The  late  C.  R.  Carter  left  funds  for  the  establishment  in  or  near 
Wellington  of  an  astronomical  observatory.  The  fund  is  in  the  hands  of 
the  New  Zealand  Institute,  and  now  exceeds  £4,000.  Mr.  C.  P.  Powles* 
and  Mr.  E.  Parry  have  both  urged  the  utilization  of  the  fund,  and 
the  Astronomical  Section  of  the  Wellington  Philosophical  .  Society  has 
recommended  a  scheme  for  utilizing  the  fund  to  the  best  advantage. 

The  discovery  by  New-Zealanders  of  the  new  star  in  Aquila  —  the 
brightest  nova  since  1604 — once  more  emphasized  the  lack  of  astronomical 
equipment  in  New  Zealand. 

Now  it  seems  that  New  Zealand  is  again  to  have  an  opportunity  of 
undertaking  astronomical  research,  and  the  recent  offer  by  the  Yale 
University  Observatory,  New  Haven,  Connecticut,  U.S.A.,  of  valuable 
astronomical  equipment  to  New  Zealand  makes  a  brief  history  of  the 
circumstances  leading  up  to  the  offer  desirable.  In  1914  Dr.  W.  W. 
Campbell,  Director  of  the  Lick  Observatory,  of  the  University  of  California, 
offered  the  Martin  Kellogg  Fellowship  in  Astronomy  to  a  New-Zealander. 
Arrangements  were  made  by  the  New  Zealand  Government  which  made 


*This  Journal,  vol.  1,  July,  1918,  p.  254. 
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the  acceptance  of  this  generous  offer  possible,  and  as  a  consequence 
the  year  1915  was  spent  by  the  writer  at  the  Lick  Observator}q  on 
Mount  Hamilton,  California.  The  fellowship  was  a  very  liberal  one,  and 
included  the  privilege  of  a  free  residence  at  the  Lick  Observatory.  In 
addition  to  the  full  facilities  for  astronomical  research  afforded  by  this 
famous  observatory,  opportunities  were  available  for  meeting  most  of  the 
leading  astronomers  of  the  United  States  and  Canada,  and  at  the  meetings  of 
the  American  Astronomical  Society  held  in  California  in  1915  the  founda¬ 
tions  were  laid  for  the  offer  which  has  now  culminated. 

In  the  earlier  stages  of  the  offer  idle  late  Hi  chard  C.  Maclaurin,  one  of 
our  most  distinguished  New  Zealand  graduates,  and  at  that  time  President 
of  the  Massachusetts  Institute  of  Technology,  Boston,  worked  hard  to 
induce  its  acceptance  by  New  Zealand  ;  and  no  finer  memorial  to  this 
brilliant  New-Zealander  could  be  made  than  the  erection  of  a  national 
observatory  in  New  Zealand.  The  offer  itself  is  due  to  Dr.  Frank 
Schlesinger,  the  Director  of  the  Yale  Observatory,  who  since  1915  has  been 
constantly  interesting  himself  in  the  scheme,  and  upon  funds  becoming 
available  at  Yale  he  was  able  to  make  the  following  definite  offers  to  New 
Zealand  : — 

(1.)  To  provide  a  small  photographic  telescope  of  6  in.  aperture,  com¬ 
plete  with  its  mounting,  driving-clock,  and  the  plate-glass  photo¬ 
graphic  plates.  The  telescope  is  to  be  used  to  photograph  the 
southern  sky  for  the  purpose  of  compiling  zone  catalogues  of 
stars,  and  when  this  is  done,  in  a  few  years,  the  telescope  is  to 
be  returned  to  Yale,  unless  other  arrangements  are  made  for 
its  future  use  in  New  Zealand.  The  staff  and  buildings  are  to 
be  provided  by  New  Zealand. 

(2.)  To  provide  a  large  photographic  refracting  telescope,  the  optical 
parts  alone  of  which  will  cost  £5,000.  The  complete  telescope, 
with  its  mounting,  driving-clocL,  &c.,  will  therefore  be  worth 
some  £20,000.  With  this  great  telescope  Yale  will  send  to 
New  Zealand  two  American  astronomers  to  undertake  urgently 
required  observations  on  the  southern  stars,  and  these  gentlemen 
will  use  the  telescope  for  about  one-half  of  its  available  time. 
It  is  intended  by  Yale  to  leave  this  telescope  permanently  in 
New  Zealand,  provided  that  a  satisfactory  site  can  be  obtained, 
and  that  New  Zealand  is  prepared  to  assist.  The  assistance 
required  from  New  Zealand  would  include  land,  foundations, 
and  building  for  the  telescope,  and  offices  and  residences  for  the 
astronomers,  at  an  estimated  cost  of,  say,  £20,000.  New  Zealand 
would  also  be  asked  to  supply  the  additional  staff  to  use  the 
telescope  for  the  rest  of  the  time.  For  this  it  is  estimated  that 
about  £5,000  or  £6,000  per  annum  would  be  required. 

These  offers  are  munificent,  and  never  before  has  New  Zealand  been 
offered  such  valuable  gifts  for  astronomy.  Much  interest  has  already  been 
taken  in  the  offers  by  citizens  in  different  parts  of  New  Zealand,  and  it  is 
confidently  expected  that  when  appeals  for  funds  are  made  they  will  meet 
with  a  ready  response.  The  recently  formed  New  Zealand  Astronomical 
Society*  is  taking  an  active  interest  in  the  project,  and  is  prepared  to  accept 
donations,  which  may  be  forwarded  to  the  society,  care  of  the  Hector 
Observatory,  Wellington. 


*  See  p.  95. 
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The  New  Zealand  Astronomical  Society.* 

By  C.  E.  Adams. 

For  a  number  of  years  interest  in  astronomy  has  been  growing  in  New 
Zealand,  and  there  are  already  quite  a  number  of  Fellows  of  the  Royal 
Astronomical  Society,  London,  and  of  the  British  Astronomical  Asso¬ 
ciation  in  the  Dominion.  In  addition,  there  are  many  other  amateur 
astronomers  scattered  over  the  Dominion,  as  well  as  four  local  astronomical 
societies.  Two  of  these,  at  Wellington  and  Dunedin,  are  branches  of  the 
Wellington  Philosophical  Society  and  of  the  Otago  Institute  respectively, 
while  the  other  two,  at  Wanganui  and  New  Plymouth,  are  independent 
societies. 

It  was  therefore  considered  desirable  to  consolidate  the  astronomical 
interests  of  the  Dominion,  and  to  this  end  steps  have  been  taken  to  form 
the  New  Zealand  Astronomical  Society. 

A  circular  was  accordingly  issued  by  the  promoters  (Dr.  C.  E.  Adams  and 
Mr.  A.  C.  Gifford)  to  individuals  interested  in  astronomy,  and  the  response 
was  so  good  that  the  society  was  duly  constituted  in  November,  1920,  with 
a  membership  of  about  seventy. 

It  is  interesting  to  note  that  the  society  was  formed  just  a  century  after 
the  Royal  Astronomical  Society  of  London,  and  that  among  the  original 
members  of  the  New  Zealand  Society  is  Mr.  C.  W.  Babbage,  of  Wanganui, 
whose  grandfather,  Charles  Babbage,  was  one  of  the  founders  of  the  Royal 
Astronomical  Society. 

The  New  Zealand  Astronomical  Society  follows  the  precedents  of  similar 
societies  in  Great  Britain,  Canada,  the  United  States  of  North  America,  and 
elsewhere,  in  that  it  is  a  society  of  individuals,  and  does  not  interfere  in  any 
way  with  the  local  astronomical  societies. 

The  need  for  such  a  society  is  acutely  felt  in  dealing  with  scientific 
bodies  both  in  and  out  of  New  Zealand.  It  is  hoped  that  the  society  will 
be  invaluable  in  promoting  the  association  of  all  those  interested  in  astro¬ 
nomy,  that  it  will  aid  in  the  circulation  of  astronomical  information,  that 
it  will  increase  popular  interest  in  astronomy,  and  that  it  will  contribute 
to  the  advancement  of  knowledge. 

Provision  is  to  be  made  in  the  rules  of  the  society  for  it  to  receive 
gifts  and  own  property,  and  it  is  hoped  that  citizens  will  follow  the 
excellent  examples  of  other  countries  of  making  gifts  to  the  society  for 
the  establishment  of  a  national  observatory. 

As  those  interested  in  astronomy  are  scattered  all  over  New  Zealand, 
it  is  felt  that  early  steps  should  be  taken  to  issue  a  journal  as  a  help  to 
observers.  Such  a  journal  will  be  a  valuable  asset  in  obtaining  exchanges 
from  other  societies,  and  will  help  in  building  up  an  astronomical  library 
for  New  Zealand.  With  a  view  to  determining  the  scope  of  the  journal, 
members  have  been  invited  to  indicate  the  class  of  information  desired. 

Members  have  been  asked  to  nominate  a  provisional  council  of  five 
from  the  members  of  the  society.  The  duty  of  the  council  will  be  to  draw 
up  rules  and  regulations  for  submission  to  each  member  for  approval  or 
alteration. 

Those  interested  in  the  society  may  obtain  further  information  from 
the  promoters,  care  of  the  Hector  Observatory,  Wellington. 


*  Paper  read  before  the  New  Zealand  Institute  Science  Congress,  January,  1921. 
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NATURAL-HISTORY  NOTES. 

Rediscovery  of  Arctoneura  (Cyrtoneura)  hudsoni  Marshall,  by  G.  Y. 

Hudson,  F.E.S.,  F.N.Z.Inst. 

In  the  Transactions  of  the  New  Zealand  Institute  for  1895  (vol.  28,  p.  263) 
Dr.  Marshall  described  and  figured  this  handsome  mycetophilid  from  a 
single  specimen  taken  by  me  at  Karori  about  the  year  1884.  At  that  time 
there  was  very  much  more  native  forest  in  this  neighbourhood  than  at 
the  present  time,  and  the  precise  locality  where  this  insect  was  found  was 
completely  cleared  of  trees  more  than  twenty- five  years  ago.  When  I 
captured  the  original  type  I  saw  one  or  two  others,  and  discussed  the 
insect’s  habits  with  the  late  Mr.  A.  P.  Buller,  who  had  also  seen  it.  Both 
of  us  had  observed  its  extreme  agility.  It  appears  invariably  to  rest  on 
tree-trunks,  and,  when  approached,  rapidly  runs  round  to  the  other  side 
of  the  trunk  before  taking  flight,  thus  eluding  capture.  With  the  excep¬ 
tion  of  what  I  believe  to  have  been  a  brief  sight  of  the  insect  on  a  tree- 
trunk  at  Kaeo,  North  Auckland,  in  January,  1913,  I  have  not  seen  or 
heard  of  the  species  since  the  early  “  eighties,”  and  I  do  not  know  what 
has  become  of  the  original  type. 

On  the  6th  December,  1920,  I  was  collecting  at  Wilton’s  Bush,  some 
four  miles  from  the  original  locality,  when  I  was  delighted  to  rediscover 
this  long-lost  species.  Holding  my  net  under  a  tall  tree-fern,  I  gave  the 
stem  a  sharp  kick,  which  brought  a  fine  female  specimen  fairly  into  the 
bottom  of  the  net.  The  day  was  cloudy  and  cool,  and  to  this  circumstance 
I  attribute  my  success,  as,  had  there  been  hot  sunshine  at  the  time,  I  feel 
sure  the  insect  would  have  flown  off,  in  place  of  falling  into  the  net. 


CORRESPONDENCE. 

The  Coast  Mosquito  of  New  Zealand  ( Opifex  fuscus  Hutton). 

Sir, — -After  reading  the  review  of  the  “  Report  on  Mosquito  Investigation  ” 
which  appears  on  page  304  of  the  New  Zealand  Journal  of  Science  and  Tech¬ 
nology  for  January,  1921  (Reviews  and  Abstracts),  also  the  remarks  on 
page  23  of  the  report  itself,  I  have  very  little  doubt  that  the  alleged  new 
species  of  mosquito  referred  to  therein,  which  spends  its  preparatory  stages 
“  in  brackish  pools  of  water  along  the  coast-line,”  is  none  other  than  the 
well-known  Opijex  fuscus  Hutton.  This  insect  was  familiar  to  me  thirty- 
five  years  ago,  and  was  described  by  Captain  Hutton,  from  my  specimens, 
in  the  Transactions  of  the  New  Zealand  Institute ,  vol.  34,  p.  188.  Not 
having  seen  Mr.  Miller’s  specimens,  or  his  figures  and  descriptions  relating 
thereto,  I  am  unable  to  positively  confirm  this  identification,  but,  in  view 
of  the  identity  of  habit  and  of  location,  it  is  certainly  extremely  desirable 
that  Mr.  Miller  should  either  affirm  my  determination  of  the  insect  or  else 
point  out  clearly  and  in  detail  in  what  respects  his  “  new  species  ”  differs 
from  0  gif  ex  fuscus.  G.  Y.  Hudson. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  10s. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,, £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  Js.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  1.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

OLDER  AURIFEROUS  DRIFTS  OF  CENTRAL  OTAGO.  By  A.  McKay,  F.G.S. 
2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3:  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No*  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d* 

PALAEONTOLOGICAL  BULLETIN  No.  5:  Descriptions  of  New -Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6 :  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  7;  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish-remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  6d. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  I  Os. 

TOWN-PLANNING:  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town* 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.R.I.B.A.  5s. 

WAIPOUA  KAURI  FOREST  :  ITS  DEMARCATION  AND  MANAGEMENT.  By 
D.  E.  Hutchins,  I.F.S.  2s.  6d. 
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BOARD  OF  SCIENCE  AND  ART  MANUAL  No.  1  :  New  Zealand  Plants  and  their 
Story.  By  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S.  2nd  edition,  rewritten  and  enlarged. 
.  99  photographs,  14  text-figures.  Full  cloth,  7s.  6d.  ;  paper  covers,  5s.  , 

Orders  should  be  addressed  to — - 

THE  DIRECTOR,  DOMINION  MUSEUM, 


Or  any  Bookseller. 


THE  NEW  ZEALAND 

JOURNAL  OF  SCIENCE 

AND  ' 

TECHNOLOGY. 

.  i  ~  -  •  >  ■' 


CONTENTS. 

ARTICLES  : — -  page 

J.  A.  THOMSON.  The  Geoiogy  of  Western  Samoa  . .  . ..  ..  49 

•  •  .  '  L  .  ‘  . 

E.  BEST.  Polynesian  Mnemonics :  Notes  on  the  Use  of  the  Quipus  in 
Polynesia  in  Former  Times  ;  also  some  Account  of  the  Introduction  of 
the  Art  of  Writing  ..  .  ..  . ....  67 

A.  M.  WRIGHT.  Chemical  Technology  of  the  Frozen=meat  Industry  ..  74 


M.  K.  MESTAYER.  Notes  on  the  Habits  and  Uses  of  the  Toheroa  . .  84 

H.  BEATTIE.  A  Mystery  of  Fiordland  :  A  Vanished  Maori  Tribe  ..  86 

ASTRONOMICAL  NOTES 

C.  E.  ADAMS.  A  National  Observatory  for  New  Zealand  ..  ..  91 

C.  E.  ADAMS.  The  New  Zealand  Astronomical  Society  ..  ..  ..  95 


NATURAL  HISTORY  NOTES:— 

Rediscovery  of  Arctoneura  ( Cyrt one ur a)  hndsoni  Marshall  .  .  .  .  96 


CORRESPONDENCE 

The  Coast  Mosquito  of  New  Zealand  (Opifex  fuscus  Hutton) 


96 


NOTICES. 

SUBSCRIPTIONS. — The  Journal  will  be  issued  six  times  a  year.  Subscription,  payable 
in  advance  and  including  postage,  6s.  per  annum:  single  copy,  Is.  6d.  Subscriptions 
should  be  forwarded  by  money=order  to  the  Director,  Dominion  Museum,  Wellington. 
Subscribers  are  requested  to  furnish  their  full  names  and  addresses. 

CORRESPONDENCE.— All  communications  relative  to  the  Journal  should  be 
addressed  to  the  Editor,  Dominion  Museum,  Wellington. 


Vy„/ 

' 


Registered  at  G.P.O.,  Wellington,  as  a  Magazine. 


THE  NEW  ZEALAND  BOARD  OF  SCIENCE  AND  ART. 


'tin 


an 


THE 

NEW  ZEALAND 


JOURNAL  OF  SCIENCE 


AND 


TECHNOLOGY. 


Edited  by 

Dr.  J.  ALLAN  THOMSON  ; 

Assisted  by 

Professor  C.  A.  COTTON,  Mr.  S.  H.  JENKINSON,  and 
Professor  E.  MARSDEN,  Wellington, 

Professor  A.  P.  W.  THOMAS,  Auckland, 

Professors  C.  CHILTON  and  R.  J.  SQpTT,  Christchurch, 

and 

Professor  W.  B.  BENHAM,  Dunedin. 


Issued  under  the  authority  of  the  Hon.  W.  DOWN  IE  STEWART, 
Minister  of  Internal  Affairs. 


VOL..  IV.— No.  3. 


June,  1921. 


WELLINGTON,  N.Z. 

By  Authority  :  Marcus  F.  Marks,  Government  Printer. 

1921-. 


ANNUAL  SUBSCRIPTION,  6s.  SINGLE  COPY,  Is:  6d. 

CONTENTS  ON  PAGE  4  OF  COVEIR. 


SCIENTIFIC  PUBLICATIONS. 


THE  following  Scientific  Works,  published  under  the  authority  of 
the  New  Zealand  Government,  are  now  on  sale  at  the  Stationery 

Department,  Wellington,  and  will  be  transmitted  at  the  published 

price  to  any  address  in  the  Dominion. 

BIOLOGICAL  EXERCISES.  (I  and  2  out  of  print.)  3.  The  Anatomy  of  the  Common 
Mussels.  4.  The  Skeleton  of  the  New  Zealand  Crayfishes.  Is.  each. 

DICTIONARY  OF  THE  MAORI  LANGUAGE.  By  Herbert  W.  Williams,  M.A.  Cloth 
boards,  20s. 

ECONOMIC  MINERALS  IN  NEW  ZEALAND,  and  other  Papers.  By  Frank  Reed. 
M.Inst.M.E.  6d. 

GEOGRAPHICAL  REPORT  ON  THE  FRANZ  JOSEF  GLACIER.  By  J.  M.  Bell.  Is. 

GEOLOGICAL  BULLETIN  No.  1  :  The  Geology  of  the  Hokitika  Sheet,  North  Westland 
Quadrangle.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  2  :  The  Geology  of  the  Area  covered  by  the  Alexandra 
Sheet,  Central  Otago  Division.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  3  :  The  Geology  of  the  Parapara  Subdivision,  Karamea, 
Nelson.  By  J.  M.  Bell.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  4  :  The  Geology  of  the .  Coromandel  Subdivision,  Auck¬ 
land.  By  Colin  Fraser,  assisted  by  J.  H.  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  5  :  The  Geology  of  the  Cromwell  Subdivision,  Western 
Otago.  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  6  :  The  Geology  of  the  Mikonui  Subdivision,  North  West- 
land.  By  P.  G.  Morgan.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  8  :  The  Geology  of  the  Whangaroa  Subdivision, 
Hokianga  Division.  By  J.  M.  Bell  and  E.  de  C.  Clarke.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  9:  The  Geology  of  the  Whatatutu  Subdivision,  Rau- 
kumara  Division,  Poverty  Bay.  By  James  Henry  Adams.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  10  :  The  Geology  of  the  Thames  Subdivision,  Hauraki, 
Auckland.  By  Colin  Fraser.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  11  :  The  Geology  of  the  Mount  Radiant  Subdivision, 
Westport  Division.  By  Ernest  John  Herbert  Webb.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  12  :  The  Geology  of  the  Dun  Mountain  Subdivision, 
Motupiko  Division,  Nelson.  By  J.  M.  Bell,  E.  de  C.  Clarke,  and  P.  Marshall. 
2s.  6d. 

GEOLOGICAL  BULLETIN  No.  13  :  The  Geology  of  the  Greymouth  Subdivision,  North 
Westland  Division,  Westland.  By  P.  G.  Morgan.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  14  :  The  Geology  of  the  New  Plymouth  Subdivision, 
Taranaki  Division.  By  E.  de  C.  Clarke.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  15  :  The  Geology  of  the  Waihi-Tairua  Subdivision, 
Hauraki  Division.  By  J.  M.  Bell  and  C.  Fraser.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  16  :  The  Geology  of  the  Aroha  Subdivision,  Hauraki. 
By  J.  Henderson,  assisted  by  J.  A.  Bartrum.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  17  :  The  Geology  and  Mineral  Resources  of  the 
Buller-Mokihinui  Subdivision,  Westport  Division.  By  P.  G.  Morgan  and  J.  A. 
Bartrum.  5s. 

GEOLOGICAL  BULLETIN  No.  18  :  The  Geology  and  Mineral  Resources  of  the  Reefton 
Subdivision,  Westport  and  North  Westland.  By  J.  Henderson.  5s. 

GEOLOGICAL  BULLETIN  No.  19:  The  Geology  of  the  Tuapeka  District,  Central 
Otago  Division.  By  P.  Marshall.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  20:  The  Geology  of  the  Oamaru  District,  North 
Otago  (Eastern  Otago  Division).  By  James  Park.  2s.  6d. 

GEOLOGICAL  BULLETIN  No.  21  :  The  Geology  of  the  Gisborne  and  Whatatutu  Sub= 
divisions,  Raukumara  Division.  By  J.  Henderson  and  M.  Ongley.  5s. 

GEOLOGICAL  BULLETIN  No.  22  :  The  Limestone  and  Phosphate  Resources  of  New 
Zealand  (considered  Principally  in  Relation  to  Agriculture).  Part  I — Limestone. 
By  P.  G.  Morgan  and  others.  (Out  of  print.) 

GEOLOGICAL  SURVEY  OF  NEW  ZEALAND.  Reports  for  1881,  1882,  1887-88, 
1888-89,  and  1892-93.  Royal  8vo.  2s.  6d.  each.  Later  reports  are  contained  in 
Mining  Reports  each  year. 

GEOLOGY  OF  NEW  ZEALAND.  By  P.  Marshall,  D.Sc.,  &c.  Demy  8vo.  Cloth 
boards,  4s.  * 

GOLD  DEPOSITS  OF  NEW  ZEALAND.  By  A.  McKay,  F.G.S.  6d. 


THE  NEW  ZEALAND 


jouVnal  of  science 


C  1921 


c-y 

patemt  AND 


TECHNOLOGY. 


Vol.  IV.  Wellington,  June,  1921.  No.  3. 


CHEMICAL  TECHNOLOGY  OF  THE  FROZEN  -  MEAT 

INDUSTRY.* 

By  A.  M.  Wright,  A.I.C.,  F.C.S.,  Chief  Chemist,  New  Zealand  Refrigerating 

Company  (Limited). 

PART  II. 

Tallow.  (3,  4,  6,  8,  17,  24,  30. )f 

In  the  manufacture  of  tallow  as  distinct  from  the  rendering  of  edible  fats 
the  product  is  made  from  the  fat-containing  tissues  other  than  the  caul 
and  kidney  fats.  The  fat-containing  tissues  may  even  be  the  whole 
carcase  in  some  cases,  but  usually  they  are  the  heads  and  internal  organs 
other  than  those  utilized  for  edible  purposes. 

In  certain  instances  the  various  classes  of  offal  are  mixed  together  in 
the  rendering-vats,  while  in  other  cases  certain  classes  are  rendered 
separately  ;  thus  it  has  been  usual  to  treat  the  heads,  lungs,  and  livers 
in  one  class,  thus  obtaining  a  tallow  of  lighter  colour  and  better  appear¬ 
ance  than  that  which  is  obtained  from  the  paunch-offal.  The  feet  and 
shanks,  or  trotters,  are  rendered  separately  in  order  to  recover  the  neat’s- 
foot  oil. 

If  edible  fats  are  not  prepared,  the  caul  and  kidney  fats  are  rendered 
separately  for  a  high-grade  white  hard  tallow. 

Just  as  in  the  case  of  edible  fats,  it  is  important  to  carry  out  the 
manufacturing  operations  of  tallow-rendering  and  the  subsequent  treat¬ 
ment  of  the  by-products  rapidly  and  under  cleanly  conditions.  Much  of 
the  abuse  which  has  been  heaped  upon  the  working  of  a  freezing- works 
has  been  brought  about  because  of  the  foul  odours  associated  with  the 
rendering  of  animal  products.  While  it  is  not  as  yet  practicable  to 
entirely  eliminate  all  odour  in  tallow-rendering  and  its  attendant  processes, 
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it  is  possible  to  reduce  the  production  of  objectionable  odours  to  a 
minimum  if  the  processes  are  carried  out  promptly,  before  decomposition 
of  the  animal- tissues  can  develop. 

In  order  to  separate  fat  from  animal- tissues,  heat  is  necessary.  The 
fats  and  oils  of  animals  occur  disseminated  throughout  the  tissues  in  the 
form  of  minute  globules  enclosed  within  a  thin  skin.  Pressure  alone  is 
not  usually  sufficient  to  break  up  the  cellular  tissue  to  enable  the  oily 
matter  to  exude  ;  the  tissue  must  be  heated,  when  it  shrivels  up  as  it  loses 
its  water,  while  the  increasing  temperature  causes  the  fat  to  expand,  burst 
the  cell,  and  flow  out  as  a  liquid  mass.' 

As  has  been  shown,  in  the  preparation  of  fats  for  edible  purposes 
comparatively  low  temperatures  are  employed  in  order  to  free  the  fat 
without  any  secondary  action  upon  the  animal-tissue  which  would  result 
in  the  production  of  substances  giving  an  unpleasant  flavour  to  the  fat ; 
in  the  manufacture  of  tallows  such,  precautions  are  unnecessary,  and  high- 
pressure  steam  is  used,  resulting  in  a  greater  yield  of  fat. 

For  the  purpose  of  rendering  fats  for  tallow,  the  material  is  filled  into 
digesters  made  of  riveted  steel  plates,  and  capable  of  standing  a  working- 
pressure  of  several  atmospheres.  The  digesters  are  provided  with  safety- 
valves,  and  discharge  through  either  a  gate  valve  at  the  bottom  or  through 
a  door  near  the  bottom.  A  false  bottom  is  fitted  within  the  digester, 
and  the  steam  for  cooking  the  material  is  admitted  at  the  bottom  of  the 
vat  under  the  plate,  thus  enabling  the  steam  to  permeate  the  whole 
mass.  The  digester  is  filled  within  a  foot  or  so  of  the  top  with  the 
material  to  be  rendered,  which  consists  of  the  products  not  utilized  for 
edible  purposes. 

The  details  of  cooking  the  vat  vary  in  different  establishments  and 
with,  the  class  of  material  to  be  rendered,  and  need  not  be  discussed  here. 
The  amount  of  water  to  be  first  placed  in  the  digester,  the  length  of  time 
during  which  the  pressure-steam  is  admitted,  and  the  amount  of  pressure 
to  be  given  are  all  matters  of  individual  opinion  and  experience.  In 
general,  however,  it  may  be  observed  that  prior  to  cooking  the  vat  it  is 
important  to  heat  the  material  thoroughly  in  order  to  drive  out  of  the 
vat  any  air  and  gases  contained  within  the  spaces  of  the  material  and  in 
the  vat,  replacing  such  air  and  gases  with  steam.  Otherwise  a  false  record 
will  be  observed  upon  the  steam-gauge  and  the  material  may  be  insuffi¬ 
ciently  rendered.  It  must  be  borne  in  mind  that  with  saturated  steam 
the  pressure  indicates  the  temperature. 

As  the  gases  and  fumes  which  are  evolved  during  the  heating  are  more 
or  less  offensive,  it  is  now  customary  to  lead  these  fumes  through  water 
condensers,  which  discharge  into  the  sewers.  As  has  already  been  pointed 
out,  however,  if  the  material  is  rendered  while  fresh  and  before  decom¬ 
position  has  occurred  much  of  the  offensive  odour  can  be  prevented. 

While  the  details  of  the  actual  rendering  will  not  be  discussed  here, 
it  may  be  stated  that  in  practice  the  material  is  subjected  to  steam- 
pressure  up  to  40  lb.  in  some  cases.  This  practice  varies,  of  course,  but 
in  general  from  25  lb.  up  to  40  lb.  pressure  is  maintained,  equivalent  to 
a  temperature  of  from  267°  to  287°  F.  The  length  of  time  and  also  the 
practice  of  leaving  the  vent  slightly  open  during  the  cooking  are  matters 
of  individual  experience.  The  high  temperature  which  has  been  used 
has  the  effect  of  thoroughly  disintegrating  the  tissues  which  hold  the 
fat-cells,  and  of  liberating  the  fat,  which  is  of  a  darker  colour  and  possesses 
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a  stronger  odour  and  flavour  than  fats  rendered  at  comparatively  low 
temperatures  ;  the  fats  are  thus  practically  unfit  for  edible  purposes. 

The  contents  of  the  digester  after  cooking  are  allowed  to  settle,  when 
it  will  be  found  that  the  clear  fat  as  a  hot  liquid  is  floating  upon  the 
surface  of  an  aqueous  gluey  fluid,  while  the  membranous  matter  and 
residual  hash  of  animal-tissue  and  bones  will  be  at  the  bottom  of  the  vat. 
The  fat,  after  the  contents  of  the  digester  have  settled,  is  drawn  off  by 
any  suitable  means.  The  methods  of  doing  this  vary  and  may  involve 
drawing  off  through  side  cocks,  “  floating  off,”  or  “  blowing  off  ”  ;  but, 
whichever  method  is  employed,  the  fat  is  run  into  refiners  in  which  any 
residual  moisture  and  membranous  matter  are  removed. 

The  process  of  refining  is  essentially  a  method  of  settling  out  the 
impurities  by  heating  the  fat  with  steam,  whereby  the  moisture,  which 
may  be  in  emulsion  in  the  fat,  coalesces  to  form  larger  drops  of  water, 
which  can  then  readily  fall  to  the  bottom  of  the  refining-tank.  The 
settling  of  the  impurities  is  aided  by  sprinkling  over  the  surface  of  the 
hot  liquid  fat  a  quantity  of  salt,  which  in  falling  through  the  liquid  fat 
mechanically  carries  with  it  the  impurities. 

From  the  refiner,  after  thorough  settling,  the  fat  is  run  into  coolers 
with  mechanical  stirrers,  and  thence  into  casks,  the  material  in  the  casks 
being  stirred  until  semi-solid.  The  reason  for  maintaining  the  agitation 
of  the  fat  until  nearly  solid  is  to  prevent  granulation  or  “  seeding  ”  of  the 
fat.  The  “  seeding  ”  of  fat  is  really  the  crystallization-out  of  the  harder 
glycerides  ;  and,  while  “  seeding  ”  is  regarded  as  desirable  in  an  edible 
fat,  it  is  looked  upon  with  disfavour  in  a  tallow.  Why  this  should  be  is 
not  clear  ;  in  the  case  of  an  edible  fat  which  is  subsequently  pressed  in 
order  to  obtain  the  oleo  oil  for  margarine  it  is  apparent  that  the  crystalli¬ 
zation-out  of  the  harder  stearines  is  desirable,  but  an  inedible  tallow  which 
is  used  for  soap  and  other  industrial  purposes  requires  to  be  remelted  as 
a  whole,  hence  its  crystallization  at  the  time  of  manufacture  cannot  be  a 
factor  of  real  moment. 

After  the  fat  is  removed  from  the  digesters  the  residual  gluey  liquor 
is  run  into  settling-tanks  and  catch-basins  to  retain  the  fat  still  in  the 
liquid,  which  is  subsequently  evaporated  down  to  recover  the  solid  consti¬ 
tuents  in  solution  ;  and  the  fat  recovered  from  the  catch -basins  is  refined 
in  the  usual  manner  and  casked  as  tallow.  The  membranous  tissue,  meat¬ 
like  hash,  and  bones  are  drawn  off  from  the  bottom  of  the  digesters  and 
pressed,  and  the  liquid,  from  the  pressed  material  is  likewise  run  through 
catch-basins  to  recover  the  fat,  which  is  refined  as  tallow.  The  treatment 
of  the  pressed  sludge  and  the  liquor  from  the  digesters  will  be  considered 
under  separate  headings.  The  oil  recovered  from  the  rendering  of  the 
shanks  and  feet  is  refined  as  neat’s-foot  oil,  being  subsequently  filtered  before 
being  filled  into  casks  or  drums. 

The  market  value  of  a  tallow  depends  chiefly  upon  the  titre  and  the 
colour  ;  but  more  recently  the  amounts  of  free  fatty  acidity,  of  moisture, 
and  of  detritus  have  been  regarded  as  controlling  factors  as  well.  The 
titre,  so  called,  is  in  reality  the  temperature  (centigrade)  at  which  the 
fatty  acids  of  the  tallow  solidify,  and  is  thus  a  measure  of  the  hardness 
of  the  fat.  It  is  not  practicable  to  enter  into  a  discussion  upon  the 
technicalities  surrounding  the  titre  test,  but  it  may  be  stated  that  for 
practical  purposes  tallows  can  be  looked  upon  as  consisting  in  the  main 
of  mixtures  in  varying  proportions  of  different  compounds  of  glycerine  with 
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fatty  acids,  some  of  tliese  fatty  acids  being  solid  and  some  liquid. 
Depending  upon  the  proportion  of  solid  and  liquid  fatty-acid  compounds, 
a  fat  is  hard  or  soft.  Thus  in  the  titre  test  the  fatty  acids  of  the  tallow 
are  separated  out  by  themselves,  and  by  suitable  means,  with  the  aid  of 
a  carefully  tested  thermometer,  the  temperature  at  which  the  mixture  of 
fatty  acids  becomes  solid  is  determined,  and  so  its  hardness  is  indicated. 
In  general  the  hardness  of  a  tallow  is  beyond,  the  control  of  the  tallow- 
manufacturer,  for  it  depends  upon  the  breed,  age,  sex,  and  part  of  the  animal 
from  which  the  fat  was  removed,  and  to  some  extent  upon  the  food  ;  thus 
mutton-fat  is  normal! v  harder  than  beef,  that  from  mature  animals  is 
harder  than  that  from  the  younger,  the  fat  from  the  male  is  generally 
harder  than  that  obtained  from  the  female,  the  caul  and  kidney  fats  are 
harder  than  those  from  the  breast,  while  animals  fed  on  grass  yield  a 
harder  fat  than  those  fed  upon  oil-cakes  or  brewery-refuse. 

The  colour  of  a  tallow  is  to  some  extent  under  the  control  of  the 
manufacturer,  for  by  a  careful  selection  of  the  materials  and  the  washing 
of  certain  classes  of  offal  (especially  the  paunches),  and  by  removing  the 
undigested  food,  it  is  possible  to  secure  a  measure  of  cleanliness  which 
goes  far  in  obtaining  a  tallow  which  will  not  be  unduly  dark  in  colour. 
Faulty  rendering  of  the  material  in  the  digester  is  also  a  common  source 
of  discoloured  tallow  ;  a  high  and  prolonged  pressure  (and  its  equivalent 
temperature)  disintegrates  substances  which,  either  in  a  fine  state  of 
suspension  or  by  actually  becoming  dissolved  by  the  fat  on  heating, 
produce  a  high  colour. 

The  amount  of  free  fatty  acidity  in  tallow  varies  considerably,  and 
is  a  measure  of  the  freshness  and  proper  rendering  of  the  fats.  As  has 
been  stated  above,  fats  are  definite  compounds  of  fatty  acids  and  glycerine, 
and  as  such  in  a  fresh  state  are  practically  neutral  ;  but  if  for  any  reason, 
either  because  of  decomposition  due  to  delay  in  handling,  or  on  account 
of  unduly  high  temperature  in  rendering,  the  fat  splits  in  part  into  its 
components  glycerine  and  fatty  acids,  then  the  fatty  acids  are  free  and  the 
fat  is  no  longer  neutral. 

The  presence  of  moisture  and  detritus  in  more  than  small  amounts 
is  indicative  of  faulty  methods  of  refining  and  the  imperfect  breaking-up 
of  emulsions  in  the  refining  and  settling  kettles. 

The  following  results  indicate  the  characteristics  of  tallows  and  of 
neat’s-foot  oil  : — 

Table  V. 


Specific  gravity  at  65°  F. 
Melting-point  (°  C.) .  . 
Titre  (°  C.) 

Saponification  value 

Free  fatty  acidity  . . 

Moisture 

Detritus 


Tallow. 

Mutton.  Beef. 


Neat’s-foot  Oil. 


0-937-0*953 

42- 49° 

43- 46° 
192-195 


0-952  0-916-0-917 

41-48° 

43-45°  26-27° 

194-198  194-197 


Varies  0-5-5-0  per  cent. 
„  0-2-1 -0 
„  0-1-0-5 


0-2-3  per  cent. 
0-1-  0-5^  „ 

0-10-5  „ 


Uses. — Rendered  tallows  of  all  grades  are  used  for  many  purposes, 
chiefly  for  soap  and  candle  making  and  for  lubricating.  Neat’s-foot  oil  is 
used  largely  as  a  soap  emulsion  for  treating  hides  and  skins  in  leather 
industries  ;  also  for  lubricating.  , 
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Tankage.  (6,  8,  21,  26,  30.) 

The  solid  residue  remaining  alter  the  rendering  of  the  tissues  for  the 
recovery  of  the  fat  for  tallow  is  discharged  from  the  digesters,  after 
running  off  the  tallow  and  the  aqueous  gluey  liquor.  During  the  process 
of  rendering,  in  addition  to  the  freeing  of  the  fat  from  the  thin  envelope 
of  skin  in  which  it  is  enclosed,  other  important  changes  take  place. 

Animal  flesh  and  bones  contain  constituents,  mainly  nitrogenous,  which 
are  soluble  in  water,  and  under  the  conditions  to  which  the  meaty  tissues 
and  bones  are  subjected  in  the  process  of  cooking  these  nitrogenous 
constituents  pass  into  solution,  leaving  an  insoluble  residue  of  meat  fibres 
and  tissues  and  bones.  This  residue  as  it  is  discharged  from  the  digester, 
hot,  contains  a  considerable  amount  of  water  and  some  fat,  the  amount 
of  the  latter  depending  upon  the  efficiency  of  the  rendering  process. 
While  still  hot  the  material  is  put  into  iron  cages  and  pressed  in  order  to 
remove  as  much  as  possible  of  the  water  and  fat  remaining,  the  mixed 
water  and  fat  being  run  into  a  series  of  settling-tanks  and  catch-basins 
in  order  to  recover  the  fat.  In  some  cases  the  material,  instead  of  being 
pressed,  is  treated  in  a  centrifugal  hydro -extracter  in  order  to  eliminate 
the  surplus  water  and  fat. 

The  pressed  or  centrifugal]' zed  mass,  which  contains  about  50  per  cent, 
of  water,  is  then  dried  in  order  to  reduce  the  water  content  to  an  amount 
which  will  enable  the  resulting  tankage  to  remain  stable  ;  normally  a 
maximum  of  10  per  cent,  moisture  may  be  present  without  risk  of 
subsequent  heating  and  change. 

Dor  drying  the  material  a  variety  of  dryers  are  in  operation  ;  in  all 
the  object  in  view  is  identical  —  namely,  to  remove  efficiently  and 
economically  the  surplus  moisture  without  decomposing  the  material  and 
losing  any  of  the  valuable  constituent  nitrogen.  A  study  of  many  types 
of  dryer  for  this  purpose  has  led  to  the  conclusion  that  the  revolving 
steam-heated  vacuum  type  of  dryer  is  the  most  satisfactory ;  the 
advantages  are  economy  in  operation,  while  the  material  is  dried  at  a 
temperature  below  that  at  which  ammonia  is  disengaged  from  the  nitro¬ 
genous  constituents  of  the  material,  and  any  offensive  gases  are  condensed 
and  removed  without  causing  a  nuisance. 

The  valuable  constituents  of  tankage  are  the  nitrogen  and  phosphates. 
In  addition  to  these,  however,  as  well  as  the  moisture,  is  a  certain  per¬ 
centage  of  fat,  and  much  attention  has  been  directed  towards  the  recovery 
of  this  constituent. 

Even  with  efficient  rendering,  and  with  pressing  or  centrifugalizing, 
an  amount  of  fat  is  found  in  the  dried  tankage  which  may  represent  from 
12  to  15  per  cent,  of  the  tankage.  In  addition  to  the  actual  loss  sustained 
by  leaving  the  fat  in  the  tankage  a  further  disadvantage  lies  in  the  fact 
that,  since  the  tankage  is  used  principally  as  a  fertilizer  material,  the  fat, 
being  decomposed  with  difficulty  in  the  soil,  and  being  coated  upon  the 
surface  of  the  nitrogenous  and  phosphatic  constituents,  delays  the  action 
of  the  tankage  in  the  soil  and  so  detracts  from  its  fertilizer- value. 

Many  suggestions  and  processes  have  been  put  forward,  but  so  far 
none  has  met  with  the  success  which  has  attended  the  use  of  volatile 
solvents  for  removing  the  residual  fat  in  dried  tankage.  Two  types  of 
extraction  plants  for  the  recovery  of  fat  by  volatile  solvents  are  in  use, 
the  one  operating  as  a  cold-extraction  plant,  the  other  by  hot  solvents  ; 
but  for  tankage  the  hot-extraction  plant  is  the  more  suitable.  In  this 
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process  the  extraction  takes  place  continuously  with  a  limited  amount  of 
solvent  charged  once  for  all  into  the  apparatus,  which  is  merely  an 
enlarged  form  of  the  well-known  soxhlet  extractor  employed  in  the 
laboratory.  Very  little  solvent  is  necessary  to  effect  extraction,  the  same 
solvent  being  used  over  and  over  again. 

The  ammonia  and  phosphate  contents  of  the  treated  tankage  are 
increased  in  proportion  to  the  amount  of  fat  extracted,  none  of  the 
ammonia  and  phosphate  being  lost  in  the  process. 

The  principal  obstacles  lie  in  the  insurance  restrictions,  and  the  low 
grade  of  fat  recovered. 

The  following  results  of  the  analysis  of  tankage  have  been  obtained  : — 


Table  VI. 
High  Grade. 

Low  Grade. 

Degreased. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Moisture 

5*82 

6*00 

3*20 

Organic  matter 

. .  68*73 

65*05 

70*30 

Tricalcic  phosphate 

. .  21*85 

25*62 

23*55 

Nitrogen 

8*00 

6*30 

10*70 

(= Ammonia)  .  . 

. .  (=9*73) 

(=7*66) 

(=13*01) 

Fat 

12*50 

17*00 

2*00 

As  a  stock-food  :  Protein,  50-0  per  cent.  ;  fat,  12*50  per  cent. 

Concentrated  Tankage.  (8,  SO.) 

The  aqueous  glue-like  liquor  which  is  produced  during  the  rendering  of 
animal-tissues  under  steam-pressure  is  chiefly  the  condensed  steam  in 
which  is  dissolved  certain  of  the  nitrogenous  constituents  of  the  meat-and- 
bone  material ;  this  liquor  is  technically  known  as  “  soup,”  and  contains 
usually  from  to  7J  per  cent,  of  solids,  but  may  contain  as  much  as 

10  per  cent.  The  solids  in  solution  are  principally  the  gelatinous  materials 
of  the  bones  and  of  the  stomachs,  together  wTith  the  water-soluble  extractives 
of  the  flesh  ;  these  are  essentially  nitrogenous  in  character. 

The  recovery  of  the  solid  matter  from  this  tank-water,  or  “soup,”  marks 
an  important  step  forward  from  a  sanitary  as  well  as  an  economic  point  of 
view.  Hitherto  the  thousands  of  gallons  which  were  daily  produced  at  each 
rendering-plant  had  been  run  to  waste  down  the  sewer,  constituting  a 
problem  in  sewage-disposal,  as  well  as  a  waste  of  valuable  material.  The 
installation  of  multiple-effect  vacuum  evaporators  stimulated  the  recovery 
of  the  solid  matter  from  dilute  liquors,  and  the  application  of  this  method 
in  dealing  with  tank-water  has  proved  successful,  and  in  consequence  a 
valuable  by-product  is  now  manufactured,  containing  from  12  to  13  per 
cent,  of  nitrogen. 

The  tank-water,  after  any  fat  upon  it  has  been  skimmed  off,  should 
be  kept  very  hot  until  it  is  put  through  the  evaporator.  The  reason  for 
this  lies  in  the  fact  that  it  is  a  readily  putrescible  substance,  and  provides 
an  excellent  medium  for  the  growth  and  development  of  bacteria,  which 
decompose  it  into  ill-smelling  compounds,  which  not  only  make  it  difficult 
to  handle  properly,  but  render  the  process  one  which  is  specially  liable  to 
become  a  nuisance.  If,  however,  the  tank-water  is  not  allowed  to  fall 
below  160-170°  F.  in  temperature  bacterial  growth  is  checked,  and  the 
material  can  be  held  free  from  decomposition  and  liability  to  become  a. 
nuisance. 
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The  tank-water,  containing  5J  to  7J  per  cent,  of  solids,  is  concentrated 
in  the  multiple-effect  vacuum  exaporator  until  the  liquor,  now  known  as 
“  stick,”  has  a  specific  gravity  of  about  1*14  and  contains  about  40  per 
cent,  of  solids.  This  “stick”  is  syrupy  in  consistence,  and  while  hot  is 
pumped  into  a  mixer  equipped  with  an  arrangement  for  stirring.  To  the 
“  stick  ”  is  added  copperas  to  an  amount  which  will  give  10  per  cent,  of 
sulphate  of  iron  in  the  finished,  dried,  concentrated  tankage. 

It  should  be  borne  in  mind  that  copperas,  which  is  chemically  sulphate 
of  iron,  contains  only  approximately  55  per  cent,  ferrous  sulphate,  the 
balance  being  water  of  crystallization  ;  consequently  in  calculating  the 
necessary  quantity  to  be  added  due  allowance  must  be  made,  otherwise 
certain  difficulties  will  be  encountered  later. 

The  solids  of  tank-water  contain  certain  very  hygroscopic  constituents, 
and  consequently  it  is  necessary  to  add  an  efflorescing  material,  such  as 
copperas,  in  order  to  prevent  the  reabsorption  of  moisture  after  drying 
and,  indeed,  to  enable  the  drying  itself  to  be  carried  out  efficiently.  It 
is  for  this  reason  that  it  is  important  to  see  that  an  adequate  quantity 
of  copperas — or  rather,  ferrous  sulphate — is  present  in  the  dried,  con¬ 
centrated  tankage. 

The  “  stick,”  containing  approximately  40  per  cent,  of  nitrogenous 
solids,  with  the  added  copperas,  is  then  dried,  usually  upon  a  drying- 
drum  type  of  dryer.  The  hollow  drum  is  made  of  metal  machined  to  have 
a  perfectly  smooth  surface.  It  is  heated  internally  with  steam  at  about 
50  lb.  steam-pressure,  and  dips  into  a  trough  containing  the  “  stick.” 
Kevolving,  it  carries  a  film  of  the  material,  which  is  rapidly  dried,  and  is 
removed  by  knives,  which  are  adjusted  as  scrapers  against  the  revolving 
roll. 

The  dried,  concentrated  tankage  is  thus  produced  in  the  form  of  a  fine 
powder,  which,  if  properly  treated  with  the  requisite  amount  of  iron 
sulphate,  retains  its  quality  and  does  not  become  sticky  or  lumpy. 

Instead  of  drying  the  “  stick  ”  upon  the  drum-dryer  it  has  been  found 
possible  to  mix  a  certain  proportion  of  the  “  stick,”  to  which  has  been 
added  copperas,  with  the  pressed  tankage,  drying  the  whole  together  in  the 
ordinary  tankage-dryer.  It  has  also  been  found  practicable  to  mix  the 
“  stick  ”  and  dissolved  copperas  with  the  dried  tankage,  subsequently 
drying  the  whole  in  the  tankage-dryer.  The  effect  of  these  methods  is  to 
increase  materially  the  ammonia  content  of  the  tankage,  but  it  has  not 
been  possible  to  utilize  all  the  “  stick  ”  by  mixing  it  with  the  tankage. 
In  plants  where  the  benzine  or  other  solvent  extraction  treatment  is  used 
for  recovering  the  fat  from  the  tankage  it  has  been  found  possible  to  utilize 
all  the  “  stick  ”  by  absorption  in  the  dry,  fat-free  tankage. 

The  following  is  the  analysis  of  a  representative  sample  of  concentrated 
tankage  :  Moisture,  3-35  per  cent.  ;  organic  matter,  83-80  per  cent.  ;  ferrous 
sulphate,  9-75  per  cent.  ;  nitrogen,  12-30  per  cent.  (=  ammonia,  14-94  per 
cent.) ;  fat,  0-65  per  cent. 

[Dried  Blood.  (8,  25,  28,  32.) 

Fresh  blood  contains  about  80  per  cent,  water,  the  solid  matter  being 
chiefly  nitrogenous  in  composition  and  easily  coagulated  by  heat.  Various 
methods  are  in  operation  to  bring  about  the  coagulation  of  the  albuminous 
solids  in  blood.  The  material  may  be  run  into  a  tank  in  which  it  is  boiled 
with  open  steam  until  the  coagulation  is  complete,  or  it  may  be  pumped 
into  a  tank  containing  boiling  water,  the  boiling  being  maintained  during 
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the  process  of  admitting  the  blood.  The  addition  of  ferric  sulphate  to 
the  boiling  water  is  advantageous.  After  the  blood  has  been  thoroughly 
coagulated,  or  clotted,  it  is  then  pressed,  or  centrifugalized,  as  the  case  may 
be,  in  the  same  manner  as  the  wet  tankage.  After  this  process  it  contains 
about  50  per  cent,  of  water.  The  pressed  blood  is  then  dried  in  a  dryer 
similar  to  that  used  for  tankage  ;  it  may  be  handled  separately,  or  it  may 
be  mixed  with  the  tankage,  thus  enhancing  the  nitrogen  content  of  the 
dried  tankage. 

If  the  blood  is  dried  separately  and  held  as  dried  blood  it  may  be 
possible  to  utilize  it,  in  part  at  least,  as  a  stock-food.  There  is  some  doubt 
as  to  whether  the  chemist  or  the  pig  first  discovered  that  dried  blood  was 
of  value  as  a  food  for  pigs,  but  recent  research  upon  the  subject  of  feeding- 
stuffs  for  stock  has  shown  that  when  dried  blood  is  added  to  the  diet  a 
decided  increase  in  weight  was  found  above  that  of  pigs  fed  without  blood 
but  on  a  similar  diet  otherwise.  Recent  experiments  in  Britain  and  in 
America  have  shown  that  tankage  if  properly  handled,  and  especially  if 
•dried  under  vacuum,  as  well  as  dried  blood,  can  be  profitably  utilized 
for  feeding  poultry  and  pigs.  Ordinarily,  dried  blood  is  used  as  a 
fertilizer. 

A  note  of  caution  must  be  sounded  here.  It  must  not  be  assumed 
that  any  material  which  for  the  purposes  of  fertilizer-uses  can  be  classed 
as  either  tankage  or  blood  may  be  used  as  a  feeding-stuff  for  stock.  Only 
material  which  has  been  manufactured  from  fresh  and  undecomposed  meat, 
bone,  or  blood  should  be  used  for  this  purpose.  Otherwise  it  is  merely 
courting  litigation  to  supply  for  live-stock  a  foodstuff  which  may,  in 
consequence  of  putrefaction  at  some  stage  of  its  preparation,  have  developed 
substances  toxic  to  animals. 

An  average  sample  of  dried  blood  shows  an  analysis  :  Moisture,  5*50 
per  cent.  ;  organic  matter,  88-75  per  cent.  ;  nitrogen,  13-60  per  cent. 
(=  ammonia,  16-53  per  cent.).  As  a  stock-food  :  Protein,  85-00  per  cent. 

Bonedust.  (21,  28,  32.) 

The  practice  in  regard  to  the  treatment  of  bones  varies  greatly,  but  in 
this  country  the  principal  utilization  is  in  connection  with  fertilizers.  It 
is  not  without  interest,  however,  to  consider  what  is  done  in  other  countries 
with  bones.  From  bones  may  be  obtained  by  appropriate  treatment  bone- 
charcoal  ;  oils  ;  pigment  for  paints  and  shoe-blacking ;  sulphate  of  ammonia  ; 
cupels  ;  and  vitrified  bone  for  use  in  making  opal  glass  and  in  the  manu¬ 
facture  of  knife-handles,  combs,  fans,  and  buttons.  Bones  furnish  also 
glue,  gelatine,  and  bonedust,  and  can  be  used  as  a  starting-point  in  the 
manufacture  of  phosphorus. 

In  connection  with  the  frozen -meat  industry  of  this  country  the  principal 
process  of  manufacture  through  which  the  bones  of  the  slaughtered  stock 
are  passed  is  in  connection  with  the  ultimate  utilization  of  this  product 
for  fertilizer  purposes.  Incidentally,  of  course,  a  certain  amount  of  tallow, 
oil,  and  concentrated  tankage  is  obtained. 

If  not  mixed  with  the  general  output  of  offal  sent  to  the  rendering- 
plant,  and  thus  ultimately  converted  into  tankage,  the  bones  are  placed 
in  the  digesters  and  cooked  for  several  hours  under  steam-pressure.  The 
tallow  is  recovered,  and  the  gluey  liquor,  or  “  soup,”  contains  usually,  but 
not  invariably,  a  high  enough  percentage  of  nitrogenous  matter  to  warrant 
the  cost  of  evaporation  for  concentrated  tankage  ;  but  this  is  a  question 
which  is  determined  by  actual  test  at  the  time. 
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The  cooked  bones  are  easily  broken  up.  It  is  not  customary  to  dry 
them  in  a  mechanical  dryer,  but  to  leave  them  to  dry  spontaneously  in  a 
“  den.”  They  are  thereafter  crushed  finely  in  a  grinding-mill,  and,  as 
bonedust,  used  as  a  fertilizer. 

The  composition  of  bonedust  varies  greatly  within  the  following  limits  : 
Moisture,  5  to  10  per  cent.  ;  tricalcic  phosphate,  45  to  65  per  cent.  ; 
nitrogen,  1  to  4-75  per  cent.  (=  ammonia,  1-22  to  5*78  per  cent.). 

Hoofs  and  Horns.  (8,  25.) 

Hoofs  and  horns  make  upon  treatment  a  material  which  is  useful  for 
fertilizer  purposes.  In  general  these  materials  are  rendered  in  connection 
with  the  bones  of  the  head,  or  with  the  shin  or  shank  bones  of  the  feet, 
but  they  are  removed  from  the  other  material  and  crushed  separately. 
This  material  has  a  high  content  of  nitrogen,  and  may  be  used  in  sup¬ 
plementing  the  nitrogen  content  of  the  other  materials  used  in  mixed 
fertilizers. 

The  composition  of  hoof-and-hom  meal  varies  somewhat,  but  usually 
lies  within  the  following  limits  :  Moisture,  2  to  5  per  cent.  ;  nitrogen,  12  to 
14  per  cent.  (—  ammonia,  14-6  to  17  per  cent.). 

Compound  Fertilizers.  (25,  27,  31,  32,  33.) 

In  connection  with  the  frozen-meat  industry  the  utilization  of  the 
materials  recovered  in  the  rendering  of  the  animal-tissues— namely,  tankage, 
concentrated  tankage,  bonedust,  dried  blood,  and  hoof-and-horn  meal — is 
further  extended  by  their  application  in  connection  with  mixed  or  com¬ 
pound  fertilizers. 

The  materials  used,  in  addition  to  those  manufactured  by  the  frozen- 
meat  fertilizer  plants,  are  guanos  and  mineral  phosphates  of  various  grades,, 
superphosphate,  sulphate  of  ammonia,  cyanamide,  nitrate  of  soda,  potash 
salts,  and  diluents. 

In  practice  cyanamide  should  not  be  used  in  conjunction  with  sulphate 
of  ammonia  or  animal  ammoniates  ;  nitrate  of  soda  should  not  be  used 
in  conjunction  with  superphosphate  ;  if  it  is  wished  to  maintain  the  soluble 
phosphate  of  the  superphosphate,  diluents  or  other  materials  containing 
lime  or  carbonate  of  lime  should  not  be  used. 

Each  firm,  of  course,  possesses  individual  ideas  regarding  its  proprietary 
brands  of  mixed  fertilizers,  and,  while  no  discussion  concerning  the  value 
of  the  different  products  is  desirable,  it  may  be  stated  that,  in  general,  the 
tendency  of  the  manufacturer  and  mixer  has  been  to  supply  the  soil  and 
plant  needs  which  experiment  and  soil-survey  throughout  New  Zealand 
have  established  under  the  direction  of  the  Chemist  of  the  Agriculture 
Department — namely,  that  the  immediate  requirement  of  the  average 
New  Zealand  soil  is  phosphatic. 

It  mav  thus  seem  that  the  utilization  of  the  animal  ammoniates  manu- 

t/ 

factured  in  connection  with  the  frozen-meat  industry  is  without  justifi¬ 
cation  in  their  application  to  New  Zealand  soils  ;  but  consideration  will 
show  that  such  is  not  the  case.  The  soil  is  not  a  dead,  inert  substance, 
but  a  living,  active  medium  in  which  products  are  transformed  by  the 
aid  of  bacteria  into  substances  suitable  for  plant-food.  From  the  stand¬ 
point  of  soil-fertility  in  its  more  permanent  relations  the  question  of 
bacterial  activity  and  its  proper  encouragement  gives  promise  of  larger 
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returns  when  applied  to  the  utilization  in  the  soil  of  finely  ground  phos¬ 
phate  rock,  which  experiment  and  experience  have  demonstrated  our  New 
Zealand  soils  require.  It  is  well  known  that  phosphate  rock  is  more 
effectively  utilized  in  the  soil  and  by  the  plant  when  mixed  with  organic 
matter  ;  the  organic  matter  while  undergoing  decomposition  releases  carbon 
dioxide,  which  hastens  the  solution  of  the  insoluble  phosphate.  It  is  thus 
that  the  animal  ammoniates  fulfil  their  purpose,  by  adding  their  increment 
of  available  nitrogen  for  plant-food,  and  in  addition  supplying  the  soil 
bacteria  with  food  which  stimulates  their  activity.  In  turn,  the  soil 
bacteria  by  their  activities  carry  out  their  work  in  dissolving  the  inert 
mineral  phosphatic  compounds,  which  are  then  made  available  as  food 
for  the  growing  plant.  When  regarded  in  this  light,  the  tankage  and  other 
ammoniates  play  a  dual  role  in  agricultural  development.  Support  to 
this  view  is  added  when  the  results  of  the  use  of  certain  phosphatic  guanos 
containing  organic  matter  is  considered,  results  which  cannot  be  attributed 
merely  to  the  phosphatic  content.  The  guanos  referred  to  are  those 
from  Ichaboe,  ITuon,  and  Walpole. 

No  useful  purpose  can  be  served  by  discussing  the  relative  importance 
of  various  fertilizers  for  different  crops  and  soils.  Too  often  such  fertilizers 
are  supplied  for  trade  reasons  only,  and  not  in  order  to  meet,  the  specific 
agricultural  need  which  their  brand  would  indicate. 

In  connection  with  the  utilization  of  ground  mineral  phosphate  for 
mixing  purposes,  it  is  important  to  see  that  this  material  is  ground  finely 
enough  for  use  as  a  plant-food.  Experiments  have  shown  that  the  agri¬ 
cultural  efficiency  of  a  finely  ground  mineral  phosphate  is  not  increased  by 
grinding  finer  than  will  enable  it  to  pass  through  a  100-mesh  sieve  ;  for 
practical  purposes  a  standard  of  70  per  cent,  through  a  100-mesh  sieve 
seems  to  be  a  reasonable  demand. 

The  following  particulars  have  been  taken  from  actual  registrations  of 
fertilizers  sold  in  New  Zealand  during  1920-21  : — 


Table  VII. 

Nitrogen. 

Phosphoric 

Anhydride. 

Potash. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

(x.)  Turnip 

. .  1-00 

18-00 

•  . 

ly-) 

. .  0-90 

18-76 

0-33 

(z.) 

. .  140 

16-90 

•  a 

(x.)  Grain 

. .  1-00 

11-25 

e  a 

( y •)  „ 

. .  0-75 

13-00 

a  a 

(z.) 

. .  0-70 

14-79 

0-18 

(x.)  General  purpose 

. .  1-50 

1145 

1-35 

(:?/•) 

. .  140 

15-80 

0-20 

h-) 

..  1-25 

12-00 

1-25 

Casings.  (28,  29,  30.) 

The  casing  is  a  product  made  from  the  intestines  of  cattle,  sheep,  and 
pigs.  As  far  as  the  technical  processes  are  involved,  these  chiefly  are 
bacteriological  in  character  ;  it  is  the  purpose  in  the  manufacture  of  casings 
to  produce  an  article  which  will  not  readily  decompose,  and  in  order  to  do 
this  with  a  material  which  obviously  is  of  a  readily  putrescible  nature  it 
is  necessary  to  promptly  and  adequately  treat  the  portion  of  the  intestines- 
which  is  utilized. 
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In  sheep  and  pigs  the  casing  is  principally  the  small  intestine.  After 
its  remova]  from  the  alimentary  canal  it  is  washed  in  water,  and  thereafter 
fermented  in  order  to  loosen  the  mucous  lining  of  the  intestine.  This 
process  is  essentially  bacterial  in  character.  It  is  not  possible  to  state 
definitely  the  identity  of  the  micro-organisms  concerned  in  this  process, 
but  mainly  they  are  those  which  are  responsible  for  the  putrefaction  of 
nitrogenous  matter  generally.  The  bacteria  identified  are  those  of  the 
Proteus  group,  although  the  coliform  group  is  also  in  evidence.  The 
process  is  somewhat  similar  to  that  taking  place  during  the  puering  of 
hides  and  skins.  It  is  probable  that  further  investigation  will  reveal  the 
fact  that  enzyme  action  is  a  potent  factor.  Subsequently  the  intestines 
are  scraped  in  order  to  remove  the  mucous  and  slime  loosened  by  the 
fermenting  process.  They  are  then  washed,  covered  with  salt,  bundled 
together,  and  finally  resalted  and  packed  in  barrels  for  disposal. 

The  preparation  of  the  casings  from  cattle  is  somewhat  different,  being 
almost  entirely  a  mechanical  process,  and  this  for  the  reason  that  while 
the  narrowness  of  the  sheep -intestine  involves  a  bacterial  decomposition 
in  order  to  loosen  the  mucous  it  is  possible  in  the  case  of  that  obtained 
from  the  cattle  beast  to  turn  it  inside  out  in  order  to  remove  the  slime 
and  mucous  membrane.  After  the  removal  of  the  mucous  membiane, 
which  in  some  places  is  carried  out  by  a  preliminary  putrefactive  process, 
the  beef-casings  are  salted  and  packed  in  a  manner  similar  to  that  adopted 
for  those  from  sheep  and  pigs. 

The  processes  involved  throughout  the  casing  industry  are  important, 
and  deserve  more  attention  from  the  bacteriologist  than  they  have 
received  heretofore.  The  problems  which  arise,  despite  the  apparently 
repellant  nature  of  the  inquiry,  deserve  the  attention  of  the  scientific 
attitude  of  mind  ;  for  instance,  the  loss  due  to  perforation,  which,  in 
spite  of  regrading  into  lengths  of  different  measurement,  means  some¬ 
thing  to  the  manufacturer,  can  readily  be  attributed  to  the  fact  that 
the  processes  of  bacterial  decomposition  of  the  mucous  membrane  have 
proceeded  so  far  that  the  true  intestinal  structure  has  been  destroyed. 
It  is  thus  clear  that  bacteriological  control,  as  well  as  chemical,  would  aid 
the  manufacturer  in  maintaining  adequate  supervision  over  this  product. 

The  presence  of  Bacillus  prodigiosus  in  the  cured  product  is  revealed 
by  the  fact  that  a  red  coloration  may  be  noticed  in  the  material  some  time 
after  curing.  While  this  of  itself  is  not  a  serious  defect  if  it  has  not 
developed  too  far,  there  is  definite  evidence  of  imperfect  curing. 
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THE  FAILURE  OF  HIGH-TENSION  INSULATORS  IN  A 

DAMP  ATMOSPHERE. 

By  Professor  E.  Marsden  and  G.  F.  Ferguson. 

It  has  been  noticed  by  Birks  and  Ferguson  (“  Notes  on  High-tension 
Insulators,”  this  Journal ,  vol.  3,  pp.  177-90,  1920)  that  breakdowns 
of  high-tension  insulators  are  in  certain  circumstances  directly  associated 
with  atmospheric  humidity.  If  a  line  which  has  been  dead  for  some  hours 
be  charged  during  the  night,  when  the  humidity  is  high,  a  breakdown  often 
occurs  within  a  few  minutes  of  charging  ;  while  if  the  line  be  charged 
during  the  day,  when  the  humidity  is  less,  breakdowns  are  very  infrequent. 
This  effect  is  so  marked  that  it  has  become  necessary  in  the  case  of  the 
Lake  Coleridge  transmission-lines  to  make  a  practice  of  always  charging 
the  spare  line  by  day  and  keeping  it  charged  until  required.  The  object  of 
the  present  paper  is  to  indicate  a  reason  for  this. 

It  is  well  known  that  there  is  a  leakage  of  current  from  transmission¬ 
lines  due  to  conduction  through  the  ionized  air.  Owing  to  the  relatively 
small  number  of  ions  in  free  air  this  leakage  from  a  thick  conductor  is 
generally  small.  When  surface  irregularities  or  projections  from  the  wire 
occur,  however,  the  loss  is  serious,  owing  to  the  high  potential  gradient 
near  the  projection  breaking  down  the  air  and  causing  intense  ionization, 
which  conducts  the  current.  Such  losses  are  well  known,  and  are  termed 
“  corona  ”  losses  owing  to  the  bluish  brush-discharge  or  corona  which 
accompanies  this  effect.  The  potential  gradient  necessary  to  break  down 
the  air  in  this  way  is  of  the  order  of  75,000  volts  per  inch.  Even  with  thick 
wires,  which  give  a  much  smaller  potential  gradient  at  their  surfaces  than 
thin  wires,  the  corona  is  shown  at  various  points  along  the  wire  where, 
as  has  been  stated  above,  there  are  surface  irregularities  or  projections. 
Thus  in  general  there  will  be  a  considerable  degree  of  ionization  in  the 
neighbourhood  of  a  charged  line  where  these  irregularities  are  more 
frequent. 

Electric  ions  have  a  very  interesting  physical  property  of  acting  as  a 
nucleus  for  the  condensation  of  moisture  from  a  supersaturated  atmosphere 
such  as  occurs  at  night.  This  property  is  best  illustrated  by  placing  a 
highly  charged  needle-point,  from  which  electricity  is  leaking,  next  to  a  fine 
jet  of  steam.  The  discharging  needle-point  alters  the  character  of  the  jet, 
causing  it  to  condense  and  thus  become  opaque. 

Consider  a  supersaturated  vapour,  and  let  us  assume  that  a  small  drop 
of  water  of  radius  r  has  condensed.  The  inward  pressure  on  the  drop  due 
to  surface  tension  is  2  T/r,  where  T  is  the  surface  tension  of  water  =  74 
dynes/c.m.  As  this  pressure  is  inversely  proportional  to  r  it  will  be  very 
great  for  small  values  of  r,  and  will,  in  fact,  prevent  the  very  formation 
of  the  drop  unless  dust-particles  are  present  to  give  the  water-vapour  a 
relatively  extended  surface  to  condense  on.  Suppose  our  hypothetical 
drop  has  a  charge  e  however,  there  will  be  an  outward  electrostatic 
pressure  =  2 rr  a2  per  unit  area  where  <r  is  the  surface  density  of  electrifica¬ 
tion.  Since  <x  -  e/4  7 r  r2  it  will  be  seen  that  when  r  is  small,  even  for  a 

small  value  of  e  the  outward  pressure  will  be  great  compared  with  the 
inward  pressure  due  to  surface  tension.  This  is  because  r2  occurs  in 
the  denominator  and  makes  the  expression  very  large  when  is  small. 
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Thus  such  a  drop  will  tend  to  grow,  and  it  follows  that  charged  ions  will 
become  the  centres  of  condensation  of  moisture.* 

It  will  be  seen,  therefore,  that  the  charged  ions  due  to  corona  from  a 
high-tension  circuit  will  cause  moisture  in  the  neighbourhood  to  condense 
on  them  rather  than  on  the  insulator  itself.  The  effect  of  moisture  on  an 
insulator,  as  will  be  seen  from  the  paper  referred  to  above,  is  to  seriously 
increase  the  risk  of  breakdown  owing  to  absorption  of  this  moisture  by  the 
porcelain  either  by  capillary  action  or  by  electro-osmosis.  The  corona  losses 
near  an  insulator  of  the  type  used  in  the  Lake  Coleridge  system  is  specially 
marked  in  the  corners  near  the  cement  underneath  and  between  the 
different  shells  of  the  insulator.  (Bee  illustration,  p.  178,  fig.  1,  of  paper 
referred  to.)  This  is  no  doubt  due  to  the  fact  that  these  corners  are  near 
to  a  direct  line  joining  the  charged  wire  in  the  neck  groove  to  the  earthed 
pin.  The  electrostatic  force  in  the  air  will  be  greater  than  that  in  the 
porcelain  (along  the  same  line  of  force)  by  a  factor  equal  to  the  specific 
inductive  capacity  of  porcelain — i.e.,  about  5.  Thus  there  will  be  considerable 
potential  gradients  in  the  air  near  the  cement  corners  under  the  shells  of 
the  insulators,  with  consequent  corona  effects  and  large  ionization.  This 
will  tend  to  prevent  the  deposition  of  moisture  at  these  junctions,  which, 
because  of  their  unglazed  condition,  are  the  most  vulnerable  points  of  the 
insulator. 

Another  point  of  interest  arises  from  this  consideration.  The  velocity 
of  an  ion  under  a  potential  gradient  of  1  volt  per  centimetre  is  about 
1*6  cm.  per  second  and  proportional  to  the  potential  gradient.  Thus  the  ionic 
velocities  in  the  corona  will  be  very  large  indeed,  and  the  motions  of  the 
ions  communicated  to  the  neutral  molecules  of  air  will  cause  local  wind- 
currents.  This  will  be  pronounced  in  the  corners  referred  to  above. 

The  following  observations  w6re  made  while  experimenting  on  insulators 
for  the  purpose  of  ascertaining  the  effect  of  a  coating  of  dry  dust  on  the 
insulator-surfaces.  A  66,000- volt  insulator  (this  Journal ,  vol.  3,  p.  178, 
fig.  1,  1920)  was  coated  all  over  with  fine  road-dust,  and  pressure  was 
gradually  applied  between  the  pin  and  a  wire  attached  to  the  top  of  the 
insulator.  As  voltage  increased  and  approached  40,000  volts  it  was 
observed  that  a  movement  of  dust-particles  was  taking  place  near  the  cement 
joints,  and  on  examination  after  the  test  it  was  found  that  while  the 
insulator  generally  was  dusty  there  was  a  perfectly  clean  zone  extending 
outwards  from  the  cement  joints  for  a  distance  of  about  1  in.  The 
wind-action  described  above  no  doubt  explains  why  the  cement  and 
insulator-surfaces  immediately  outside  the  cement  joints,  on  this  type  of 
insulator,  remain  comparatively  clean  when  in  service  on  a  transmission¬ 
line,  while  more  remote  surfaces  become  dirty.  Mist  would  probably  be 
repelled  also  and  prevented  from  settling  on  the  vital  parts  of  the 
insulator.  This  would  explain  curves  2  and  3  on  p.  180  of  the  article 
referred  to  above. 

We  have  seen  that  there  will  be  a  high  degree  of  ionization  underneath 
the  shells  of  a  charged  insulator,  and  this  will  undoubtedly  affect  the 
potential  of  arc-over. .  This  consideration  therefore  suggests  an  improve¬ 
ment  on  the  design  of  insulators  by  having  a  larger  area  of  contact  of  the 
shells,  and  removing  the  junction  to  points  more  remote  from  the  pin  and 
neck-groove. 


*  For  a  complete  discussion  of  these  effects  see  J.  S.  Townsend,  Electricity  in 
Gases ,  Clarendon  Press,  1915. 
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ELECTRIC  POWER  FOR  MILKING-PLANTS. 

By  L.  Birks,  B.Sc.,  M.Inst.C.E.,  &c. 

Dairying  promises  to  develop  into  the  main  industry  of  the  Dominion. 
Already  the  exports  of  dairy-produce  for  the  year  ending  the  31st  March, 
1921,  have  amounted  to  £12,628,983,  out  of  total  exports  of  £48,199,359 — 
i.e.>  over  26  per  cent.  At  present  prices  this  year’s  proportion  will  be  very 
much  higher,  and  the  higher  proportion  will  probably  be  maintained  for 
some  time.  On  the  30th  April,  1920,  there  were  35,643  milk-suppliers  to 
the  dairy  factories,  and  the  number  is  increasing  at  the  rate  of  about 
10  per  cent,  per  year.  Of  these  8.806  were  using  milking-machines  requiring 
2  to  3  horse-power  each.  This  number  is  increasing  at  the  rate  of  16  per 
cent,  per  year,  and  will  grow  rapidly  until  it  approaches  the  number  of 
milk-suppliers.  The  total  demand  for  this  purpose  alone  will  thus  run 
into  tens  of  thousands  of  horse-power,  and  will  constitute  a  large  proportion 
of  the  total  demand  for  hydro-electric  power  in  the  Dominion.  In  fact, 
it  is  becoming  clear  that  the  milking-machine  motor  will  be  the  main 
justification  for  a  large  proportion  of  the  country  reticulation.  A  revenue 
of  £24  to  £30  is  available  from  the  average  dairy  farm  for  the  milking- 
machine  alone.  This  justifies  the  line  ;  and  when  the  line  is  once  run  to 
the  farm  all  kinds  of  other  uses  are  found  for  electricity — lighting,  ironing, 
cooking,  heating,  and  power  generally.  But  the  peak  load  on  the  farm 
service  in  the  dairying  districts  will  be  at  ;the  milking-hours,  morning  and 
night. 

In  view  of  the  difficulty  of  making  country  lines  pay  their  way  it  is 
important  to  keep  down  the  size  of  wire — i.c.,  the  current  and  power  con¬ 
sumption — and  with  the  object  of  investigating  this  matter  a  series  of 
meter  tests  have  been  made  on  five  typical  milking-plants  in  the  Canterbury 
District.  These  tests  are  intended  to  determine— («)  The  power  required 
to  drive  the  average  milking-plant ;  (h)  the  consumption  of  energy  in  such 
a  plant  over  an  average  season. 

No  attempt  is  made  in  this  article  to  differentiate  between  the  energy 

taken  by  different  makes  of  milking-machine  on  the  market.  This  is  an 

important  investigation  which  will  be  undertaken  in  due  course,  but  it 

is  only  reasonable  that  the  makers  should  submit  plants  for  this  purpose 

in  the  best  working-order  in  each  case  for  comparative  purposes.  The 

object  of  the  present  investigation  is  rather  to  determine  not  the  lowest 

consumption  under  the  best  conditions  in  each  case,  but  the  general 

consumption  of  power  under  ordinary  working-conditions,  and  for  this 

purpose  the  plants  were  selected  at  random.  A  3  h.p.  motor  is  employed 

in  each  case,  although  the  tests  indicate  that  a  2  h.p.  would  have  been 

sufficient  for  at  least  four  out  of  the  five,  and  probably,  with  a  little 

improvement  in  the  conditions  of  operation,  for  the  fifth  as  well.  This 

is  important  from  the  point  of  view  of  the  economy  in  the  mains,  as 

the  idle  magnetizing-current  for  a  3  h.p.  motor  will  be  approximately 

50  per  cent,  greater  than  for  a  2  h.p.  motor,  and  this  magnetizing-current 

has  to  be  supplied  continuously  as  long  as  the  motor  is  running,  whether 

there  is  anv  load  or  not. 

«/ 
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As  a  result  of  these  tests  2  h.p.  motors  have  been  installed  on 
several  similar  and  even  larger  plants  with  quite  satisfactory  results, 
and  this  size  is  now  being  standardized  for  milking-machine  drives 

o  o 

generally. 

When  the  number  of  machines  connected  to  a  reticulation  system  runs 
into  thousands,  as  it  will  in  many  of  the  electric-power  districts  being 
formed,  the  reduction  from  3  h.p.  to  2  h.p.  each  will  mean  that  current 
equivalent  to  many  hundreds  of  horse-power  will  be  available  for  other 
industrial  purposes  which  would  otherwise  have  to  be  reserved  for  the 
magnetizing  or  idle  current  of  the  unnecessarily  large  motors. 

The  results  of  the  tests  taken  are  detailed  in  the  table  on  next  page, 
and  the  curves  herewith  give  the  distribution  of  the  demand  over  the 
various  months  of  the  year.  The  tests  were  taken  on  five  representative 


[Strange,  photo. 

Electrically-driven  Dairy  at  Sunnyside  Hospital. 


milking-plants  in  Canterbury  operating  from  the  Lake  Coleridge  power- 
supply.  A  specially  checked  integrating  wattmeter  was  used  to  measure 
the  units  taken,  and  kilovolt-amperes  were  determined  from  readings 
of  standardized  ammeter  and  voltmeter.  The  motors  were  all  the  same 
size,  3  h.p.,  but  various  kinds  of  milking-machines  and  auxiliaries  were 
employed,  which  accounts  for  the  difference  in  power  demanded.  Further, 
some  consumers  work  methodically  as  against  the  inefficient  methods 
of  others  ;  for  instance,  plant  D  milks  the  largest  number  of  cows  (90), 
while  plant  C  milks  less  than  half  as  many  (35),  but  D  consumes 
only  half  as  much  powder  as  C — that  is,  0-56  kw.,  as  against  1-14  kw. 
The  difference  is  due  to  the  difference  in  arrangement  of  the  plants. 
C  uses  all  appliances  for  milking  and  separating  simultaneously,  while  D 
uses  the  appliances  alternately.  In  the  case  of  E  a  pump  was  also  in 
service,  accounting  for  the  still  higher  demand. 

It  is  probable  that  if  more  consideration  were  given  to  proper  align¬ 
ment  of  machines  and  shafting,  and  solidity  of  foundations,  a  higher 
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efficiency  would  be  obtained,  for  the  tendency  is  to  erect  the  plant  in  a 
lightly  built  shed  attached  to  the  often  antiquated  cow-byre,  much  to  the 
detriment  of  the  efficiency.  At  least  one  plant  was  encountered  where 
the  up-to-date  machinery  was  supported  on  battens  nailed  to  ordinary 
3  in.  by  2  in.  uprights  lightly  bedded  in  soft  ground.  In  another  plant, 
on  the  other  hand,  the  floor  and  walls  were  of  solid  concrete  throughout — 
an  object-lesson  in  efficiency  and  hygiene. 

The  results  of  the  tests  on  the  five  plants  are  summarized  and  tabulated 
as  under.  The  power-factor  is  calculated  by  dividing  the  observed  kilo¬ 
watts,  or  actual  power  taken,  by  the  observed  kilovolt-amperes,  or 
apparent  power  made  up  of  the  actual  power-current,  combined  with  the 
idle  or  magnetizing  current  of  the  motors,  multiplied  by  the  actual  pressure, 
230  volts  per  phase. 


Plant. 

N  umber  of 
Cows. 

(Average  per 
Day.) 

Number  of 
Buckets 
used  at  a 

Time. 

Kilowatts. 

Amperes. 

Kilovolt¬ 

amperes. 

Power- 

factor 

calculated. 

Units 
used  per 
Year. 

A 

45 

3 

0-695 

3-2 

2-21 

Per  Cent. 

31 

B 

40 

3 

0-840 

3-4 

2-36 

35 

1,244 

C 

35 

3 

1-140 

3-7 

2-60 

43 

922 

D 

90 

6 

0-560 

3-0 

2-07 

27 

675 

E 

65 

6 

1-500 

3-9 

2-72 

55 

1,919 

The  useful  conclusions  to  be  drawn  from  the  table  are — (a)  The  low 
power  required  ;  (h)  the  high  value  of  the  idle  current  and  the  consequent 
high  value  of  kilovolt-ampere  demand ;  (c)  the  power  taken  is  very 

variable,  and,  as  before  stated,  apparently  depends  much  more  on  the 
efficiency  of  the  plant  and  the  method  of  use  than  on  the  actual  number 
of  cows  milked. 

A  record  was  kept  of  the  consumption  of  four  of  the  plants  for  twelve 
consecutive  months,  and  the  results  are  given  in  the  following  table,  and 
are  plotted  herewith  to  show  the  demand  for  the  various  months  of  the 
year : — 


Plant. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

B 

102 

114 

108 

105 

99 

90 

110 

108 

96 

102 

Ill 

99 

1,244 

C 

102 

138 

81 

115 

66 

54 

24 

3 

24 

105 

108 

102 

922 

D 

81 

96 

67 

65 

39 

18 

9 

12 

33 

87 

90 

78 

675 

E 

190 

186 

180 

162 

123 

87 

78 

87 

153 

198 

225 

200 

1,919 

For  the  supplier  of  power  or  the  local  authority  purchasing  in  bulk  on 
the  maximum-demand  system  the  curves  show  milking-plant  load  to  be 
the  ideal,  inasmuch  as  the  heaviest  load  occurs  in  summer,  when  no  over¬ 
lapping  of  lighting  and  power  peaks  of  the  main  system  is  likely,  and  tapers 
away  to  almost  zero  for  the  three  worst  winter-months  when  the  general 
demand  is  highest.  Further,  even  in  summer  the  milking-plant  load  does 
not  interfere  with  the  industrial  or  day  peak,  owing  to  its  being  finished 
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with  before  8  a.m.  and  not  being  required  again  until  about  5  p.m.  Such 
load,  therefore,  allows  an  undertaking  to  work  on  a  higher  diversity-factor, 
produces  a  better  load-factor,  and  tends  to  flatten  out  the  daily  load -curve, 
at  the  same  time  yielding  a  substantial  revenue. 

■  Additional  important  advantages  are  available  from  the  supply  of 
electric  power  in  the  milking-shed.  Once  the  mains  are  run  for  driving 
the  milking-machine  the  power  can  be  used  for  heating  water  during  the 
intervals  when  the  milking-machine  is  shut  down.  One  horse-power  of 
energy  is  capable  of  heating  up  12  gallons  of  water  from  50°  F.  to  the 
boiling-point  in  nine  hours.  This  is  sufficient  to  scald  out  thoroughly  the 
whole  of  the  milking  and  separating  plant.  The  apparatus  is  very  simple 
indeed,  consisting  only  of  a  10-gallon  cistern  with  the  small  electric-heating 
element  brazed  into  the  bottom,  and  provided  with  a  change-over  switch 
which  automatically  connects  up  the  heating-element  when  the  motor  is 
stopped  and  disconnects  it  when  the  motor  starts  up  again.  At  a  small 
additional  charge  another  such  cistern  might  be  fitted  in  the  kitchen,  and 
another  in  the  bathroom.  These  cisterns  must,  of  course,  be  thoroughly 
and  carefully  lagged  with  a  good  heat-insulating  material,  such  as  felt, 
pumice,  or  asbestos  composition,  in  order  to  prevent  the  loss  of  heat  by 
radiation  during  the  long  period  of  heating  if  the  above  efficiency  is  to  be 
attained.  As  compared  with  the  usual  method  of  scalding  by  carrying 
across  a  couple  of  kerosene-tins  of  fairly  hot  water  from  the  kitchen — 
probably  several  chains  away — spilling  and  cooling  it  on  the  way,  until 
there  arrives  at  the  milking-shed  some  6  gallons  of  only  fairly  hot  water, 
the  innovation  of  12  gallons  of  electrically-heated  boiling  water  right  on 
the  spot  may  work  a  revolution  in  dairying  second  only  to  that  due  to  the 
introduction  of  the  milking-machine  itself.  Owing  to  the  reduction  in  the 
labour  of  milking,  the  milking-machine  has  resulted  in  the  large  quantity 
of  butter-fat  now  produced  in  New  Zealand.  Owing  to  the  improved  clean¬ 
liness  of  the  apparatus,  the  electric  hot-water  system  may  yet  have  as 
important  an  influence  on  its  quality,  and  with  the  increasing  amount  of 
milk  that  is  going  into  preserved-  and  dried-milk  processes  the  high  quality 
is  of  increasing  importance. 

The  most  effective  application  of  electric  power  to  the  milking-machine 
work  under  New  Zealand  conditions  will  consist  of  a  small  self-contained 
outfit  consisting  of  the  electric  motor,  a  vacuum-pump,  a  cream-separator, 
a  small  water-supply  pump,  and  a  10-gallon  hot-water  cistern  with  the 
necessary  switch-gear,  all  mounted  on  a  compact  hardwood  base-plate,  so 
that  the  outfit  can  be  carried  out,  put  down  on  the  ground  with  no  prepara¬ 
tion  at  all,  connected  up,  and  put  into  service  straight  away.  Such  units 
are  required  not  by  the  hundred  but  by  the  thousand  in  the  dairying 
districts  of  New  Zealand.  When  they  are  thus  standardized  the  distributing 
authority  should  stock  them  in  quantity,  so  that  they  can  be  put  in  the 
back  of  a  Ford  car,  run  out,  and  put  into  service  at  a  couple  of  hours' 
notice. 

The  tests  referred  to  in  this  article  were  carried  out  by  Mr.  H.  E.  Phil- 
pott,  Electrical  Tester,  of  the  Lake  Coleridge  Electric  Power  Department’s 
staff,  and  will  be  continued  as  occasion  offers. 


8 — Science. 
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NOTES  ON  THE  EDIBLE  FISHES  OF  NEW  ZEALAND, 

With  a  Record  of  Fishes  exposed  for  Sale  in 
Wellington  during  1918. 

By  W.  J.  Phillipps,  Dominion  Museum. 

In  this  paper  a  list  of  the  chief  food  fishes  of  New  Zealand  is  given,  with 
some  information  in  each  case  as  to  distribution,  spawning  season,  &c. 
The  need  for  such  a  list  is  immediately  apparent  in  view  of  the  fact  that 
no  work  dealing  with  our  edible  fishes  as  a  whole  has  appeared  since  the 
publication  of  Sherrin’s  Handbook*  in  1886.  In  a  previous  paperf  I  gave 
notes  on  a  number  of  the  more  common  edible  fishes  of  Wellington.  Since 
then  a  large  amount  of  information  has  been  collected  from  all  parts  of 
New  Zealand,  which  not  only  adds  to  our  knowledge  of  the  species  Sherrin 
described,  but  also  concerns  some  species  he  did  not  mention.  Much  of 
the  information  supplied  to  me  needs  further  verification,  and  is  here 
omitted.  It  is  clear  that  much  accurate  observation  is  still  needed  before 
we  shall  be  in  a  position  rightly  to  conserve  the  large  and  varied  supply 
of  our  marine  food  fishes. 

The  distribution  given  below  refers  only  to  the  extent  of  the  habitat 
of  the  species  around  the  New  Zealand  coasts.  Many  extend  to  Australia 
and  elsewhere. 

Two  fishes,  one,  from  Bay  of  Islands,  known  popularly  as  “  pink 
maomao,”  and  another,  sold  in  Auckland  as  “  barraconda,”  are  omitted 
from  the  list. 

The  list  is  followed  by  a  table  recording  the  fishes  exposed  for  sale  in 
Wellington  during  1918,  which  has  been  compiled  chiefly  from  daily  notes 
on  the  fishes  received  by  the  Hawke’s  Bay  Fisheries  Company  and  the 
New  Zealand  Trawling  and  Fish  supply  Company,  and  may  be  regarded  as 
being  fairly  representative  of  the  fishes  received  in  Wellington  annually. 

I  have  to  place  on  record  my  appreciation  of  the  help  and  numerous 
services  rendered  me  by  my  many  friends  in  all  parts  of  New  Zealand 
connected  with  or  interested  in  the  fisheries. 

1.  Polyprion  oxygeneios  (Bloch  and  Schneider).  Groper ;  Hapuku. 

Secured  on  rocky  shelves  in  water  up  to  300  fathoms.  Common, 
Bay  of  Islands,  6  to  20  fathoms. 

Spawning  season  :  Females  with  fully  developed  ova  are  common 
during  August. 

Distribution  :  New  Zealand  coasts. 

2.  Polyprion  americanus  (Bloch  and  Schneider).  Bass ;  Moeone. 

Generally  to  be  secured  in  deeper  water  than  the  groper. 

Spawning  season  :  I  have  a  record  of  the  ova  being  ripe  in  examples 
secured  off  Island  Bay  during  September. 

Distribution  :  New  Zealand  coasts. 


*  R.  A.  A.  Sherrix,  Handbook  of  the  Fishes  of  New  Zealand,  prepared  under  the 
Instructions  of  the  Commissioner  of  Trade  and  Customs,  307  pp.,  Auckland,  N.Z. 

f  W.  J.  Phillipps,  Edible  Fishes  of  New  Zealand,  N.Z.  Journ.  Sci.  6s  Tech.,  vol.  1, 
No.  5,  pp.  268-71,  1918. 
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3.  Caesioperca  lepidoptera  (Forster).  Red  Perch. 

Called  “  red  snapper  ”  or  “St.  Peter’s  fish  ”  in  Queen  Charlotte  and 
Pelorus  Sounds,  where  it  is  occasionally  taken  in  the  seine  net  during 
July  and  August. 

Spawning  season :  I  have  found  the  ova  fully  developed  in  August. 

Distribution  :  North  Island  coasts  and  northern  coasts  of  the  South 
Island. 

4.  Maccullochia  labiosa  (Gunther).  Sowjish. 

Small  numbers  are  secured  in  the  Bay  of  Plenty.  Rare  in  Auckland 
markets. 

Distribution  :  Known  from  Bay  of  Plenty  and  Hauraki  Gulf. 

5.  Arripis  trutta  (Forster).  Kahawai. 

Common  in  the  estuaries  of  rivers  during  the  winter  months.  Secured 
off  Cape  Brett  up  to  8J  lb. 

Spawning  season  :  Later  summer  months. 

Distribution  :  Large  shoals  are  common  in  French  Pass  during  the 
summer.  Seldom  seen  south  of  the  Kaikoura  Peninsula. 

6.  Emmelichthys  nitidus  (Richardson).  Red  Bait-fish . 

Rare,  and  only  occasionally  utilized  as  a  food  fish.  Taken  in  the 
seine  among  mackerel,  and  commonly  known  as  “  red  herring.” 

Distribution  :  I  have  recorded  specimens  only  from  the  northern 
coasts  of  the  South  Island. 

7.  Latridopsis  ciliaris  (Forster).  Moki. 

A  school  fish  usually  taken  in  set-nets  in  the  vicinity  of  rocks  and  kelp. 

Spawning  season  :  I  have  a  record  of  one  example  ripe  in  October. 

Distribution  :  Common  as  far  north  as  East  Cape. 

8.  Latridopsis  aerosa  (Hutton).  Red  Moki. 

Received  occasionally  in  Wellington  from  the  vicinity  of  D'Urville 
Island  and  the  Marlborough  Sounds. 

Distribution  :  Known  only  from  the  waters  of  the  South  Island, 

9.  Latridopsis  lineata  (Forster).  Trumpeter;  Koiro. 

Very  common  around  Stewart  Island.  Caught  in  moki  -  nets  off 
Amuri  Bluff. 

Distribution  :  Recorded  from  South  Island  and  southern  coasts  of 
North  Island. 

10.  Aplodactylus  meandratus  (Richardson).  Marble  fish ;  Keke. 

Secured  in  deep  water  in  the  vicinity  of  kelp,  and  is  sometimes  taken 
in  mullet-nets.  Occasionally  seen  in  the  trawl,  Hauraki  Gulf. 

Spawning  season  :  Autumn  months. 

Distribution  :  New  Zealand  coasts. 

11.  Dactylosparus  macropterus  (Forster).  Tarakihi. 

Mr.  Adams,  of  the  Portobello  Marine  Fish-hatchery,  informs  me  that 
this  species  is  secured  for  the  Dunedin  markets  during  midsummer  on  a 
reef  sixteen  miles  north-east  of  Otago  Heads.  Numbers  seen  in  Christ¬ 
church  during  spring.  Common,  North  Island. 

Spawning  season  :  September  and  October. 

Distribution  :  New  Zealand  coasts. 

12.  Dactylosparus  douglasii  (Hector).  Pome. 

Secured  up  to  40  fathoms  among  tarakihi.  Uncommon  at  Russell, 
but  more  plentiful  in  Hauraki  Gulf. 

Spawning  season  :  According  to  Sandager,*  this  species  spawns  in 
August. 

Distribution  :  Unknown  south  of  Bay  of  Plenty. 


*  F.  S.  Sandager,  List  of  Fishes  found  round  the  Mokohinou  Islands,  their 
Spawning-time,  and  Observations  regarding  some  of  the  Species,  Trans.  N.Z.  Inst. 
vol.  20,  pp.  127-33  (ref.  to  p.  128),  1888. 
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13.  Chironemus  spectabilis  (Hutton).  Maratea ;  Nanua. 

A  fish  common  in  the  Auckland  market.  Secured  up  to  8  lb.  in  deep 
water  near  rocks. 

Distribution  :  North  Island  coasts  (rare  south  of  Bay  of  Plenty). 

14.  Girella  tricuspidata  (Quoy  and  Gaimard).  Mangrove-fish  ;  Parore. 

Very  common  in  the  vicinity  of  kelp  and  mangrove,  North  Auckland 
Peninsula.  In  northern  markets  during  the  spring  and  early  summer 
months. 

Spawning  season  :  January,  February,  and  March. 

Distribution  :  Common  from  Bay  of  Plenty  northward.  Odd  ex¬ 
amples  have  been  secured  as  far  south  as  Hokitika. 

15.  Girella  cyanea  Macleay.  Blue-fish  ;  Korokoropounamu. 

A  rare  and  highly  esteemed  fish,  secured  up  to  6  lb.  in  deep  water 
off  Cape  Brett  and  headlands  round  Hauraki  Gulf. 

Spawning  season  :  Ogilby*  has  noted  a  female  with  well-developed 
ova  in  December. 

Distribution  :  Unknown  south  of  Hauraki  Gulf. 

16.  Kyphosus  Sydney  anus  Gunther.  Drummer. 

Mr.  Griffin  has  taken  this  species  off  several  islands  in  Hauraki  Gulf. 
Examples  have  been  reported  to  me  caught  off  Kapiti  Island. 

Distribution  :  North  Island  coasts.. 

17.  Pagrosomus  auratus  (Forster).  Snapper  ;  Tamure. 

A  fish  common  in  all  North  Island  coastal  towns.  Taken  off  North 
Auckland  Peninsula  up  to  221b.  weight. 

Spawning  season  :  November  till  early  in  February. 

Distribution  :  Known  as  far  south  as  Jackson’s  Bay  and  Port  Moly- 
neux. 

18.  Upeneichthys  vlamingii  (Cuvier  and  Valenciennes).  Red  Mullet. 

Occasionally  taken  in  the  trawl,  Hauraki  Gulf  ;  secured  in  mullet- 
nets,  Bay  of  Islands,  but  never  seen  in  large  numbers. 

Distribution  :  North  Island  (rare  in  Queen  Charlotte  Sound  and  on 
western  coast  of  the  South  Island). 

19.  Scorpis  violaceus  (Hutton).  Maomao. 

A  school  and  surface  fish,  secured  up  to  2  lb.  weight.  Abundant 
throughout  the  year,  North  Auckland  Peninsula. 

Spawning  season  :  December  and  January. 

Distribution  :  Unknown  south  of  Bay  of  Plenty. 

20.  Pseudolabrus  miles  (Bloch  and  Schneider).  Scarlet  Parrot-fish. 

Secured  throughout  the  year  around  North  Auckland  Peninsula  on 
rocky  bottoms  in  depths  from  10  to  30  fathoms.  Known  as  “  soldier  ” 
at  French  Pass. 

Spawning  season  :  August. 

Distribution  :  New  Zealand  coasts. 

21.  Pseudolabrus  cinctus  (Hutton).  Girdled  Parrot-fish. 

Odd  examples  are  exposed  for  sale  in  Wellington  during  the  later 
summer  and  winter  months.  Sold  as  “deep-sea  butterfish.” 

Spawning  season  :  Early  summer  months. 

Distribution  :  Unknown  north  of  Napier. 


*  J.  D.  Ogilby,  Description  of  a  Little-known  Australian  Fish  of  the  Genus 
Girella ,  Proc.  Zool.  Soc.  Lond.,  1887,  p.  394. 
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22.  Pseudolabrus  celidotus  (Forster).  Spotty. 

Common  in  all  shallow  water  in  rocky  localities.  Large  examples 
are  sold  as  “  butte rfish  ”  in  Dunedin. 

Spawning  season  :  Spring  months. 

Distribution  :  New  Zealand  coasts. 

23.  Verreo  oxycephalus  (Bleeker).  Spotted  Pig  fish ;  Pakurakura. 

A  common  food  fish,  Bay  of  Islands.  Secured  up  to  10  lb.  near  rocks 
and  kelp. 

Spawning  season  :  According  to  Boughley,*  spawning  takes  place  in 
New  South  Wales  usually  during  the  spring  months. 

Distribution  :  Bare  in  Hauraki  G-ulf  and  Bay  of  Plenty  ;  unknown 
farther  south. 

24.  Verreo  oxycephalus  var.  bellis  Bamsay  and  Ogilby.  Banded  Pig- 

fish  ;  Kotakota. 

Common  in  same  localities  as  above.  During  my  visit  to  Bay  of 
Islands  in  September  a  number  of  specimens  were  secured  off  Cape  Brett. 

Distribution  :  Becorded  only  from  North  Auckland  Peninsula. 

25.  Odax  vittatus  Bichardson.  Kelp-fish. 

Secured  in  butterfish-nets  set  among  kelp.  Generally  considered  rare 
around  Wellington.  Mr.  Griffin  informs  me  that  it  is  fairly  common  in 
Auckland. 

Distribution  :  Known  as  far  south  as  Otago  Heads. 

26.  Coridodax  pullus  (Forster).  Butter  fish ;  Marari. 

Sold  as  “  greenbone  ”  or  “  kelp-salmon  ”  in  Dunedin.  An  outside 
fish  secured  in  the  vicinity  of  kelp  around  the  northern  coasts  during 
most  months  of  the  year. 

Spawning  season  :  I  have  found  examples  with  fully  developed  ova 
during  February  and  August. 

Distribution  :  New  Zealand  coasts. 

27.  Caranx  platessa  Cuvier  and  Valenciennes.  Trevally ;  Araara. 

A  school  fish  taken  when  trawling  from  15  to  20  fathoms.  Large 
shoals,  often  several  miles  in  length,  are  common  during  the  summer 
around  North  Auckland  Peninsula. 

Spawning  season  :  End  of  December  to  February. 

Distribution  :  Bare  south  of  Banks  Peninsula. 

28.  Decapterus  koheru  (Hector).  Yellowtail ;  Koheru. 

Common  around  North  Auckland  Peninsula  during  the  early  summer 
months.  I  have  recorded  odd  examples  taken  in  Queen  Charlotte  Sound 
during  September. 

Distribution  :  North  Island  and  northern  coast  of  South  Island. 

29.  Trachurus  novae  -  zelandiae  Cuvier  and  Valenciennes.  Horse- 

mackerel  ;  Hature. 

Commonly  taken  when  trawling  in  Hauraki  Gulf  during  the  spring. 
Vast  shoals  enter  shallow  water  in  Queen  Charlotte  and  Pelorus  Sounds 
during  July  and  August. 

Spawning  season  :  Thomsonf  has  recorded  the  ova  ripe  in  January. 

Distribution  :  New  Zealand  coasts. 

30.  Seriola  lalandi  Cuvier  and  Valenciennes.  King  fish ;  Baku. 

Secured  up  to  110  lb.,  North  Auckland  Peninsula,  during  the  summer. 
Occasionally  trawled  during  the  winter. 

Distribution  :  North  Island  and  northern  coasts  of  South  Island 
(rarer  farther  south). 


*  T.  C.  Roughley,  Fishes  of  Australia  and  their  Technology,  Technological  Museum, 
Sydney,  Technical  Education  Series,  No.  21,  296  pp.,  with  67  plates  (ref.  to  p.  152),  1916. 

t  G.  M.  Thomson,  Notes  on  Sea-fishes,  Trans.  N.Z.  Inst.,  vol.  24,  pp.  202-15  (ref.  to 
p.  208),  1892. 
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31.  Scomber  australasicus  Covier  and  Valenciennes.  Southern  Mackerel ; 

Tawatawa. 

Small  numbers  taken  among  horse-mackerel  in  Queen  Charlotte  and 
Pelorus  Sounds  during  August  and  September.  Odd  examples  secured 
round  North  Auckland  Peninsula  and  Hauraki  Gulf. 

Distribution  :  North  Island  and  northern  coasts  of  South  Island. 

32.  Germo  germon  (Lacepede).  Long-finned  Albacore. 

I  have  note  of  an  example  received  by  the  New  Zealand  Trawling 
Company  from  Napier,  and  am  informed  that  this  species  is  occasion¬ 
ally  seen  on  the  west  coast  of  North  Auckland  Peninsula. 

Distribution  :  Known  from  Cook  Strait,  Napier,  and  Gisborne. 

33.  Gymnosarda  pelamis  (Linnaeus).  Bonito. 

Secured  in  deep  water  during  June  and  July.  Recorded  by  Mr. 
Griffin  in  the  Auckland  markets. 

Distribution  :  North  Island  coasts.  Examples  have  been  caught  as 
far  south  as  the  Kaikoura  Peninsula. 

34.  Thyrsites  atun  (Euphrasen).  Barracouta ;  Manga . 

Common  in  Dunedin  mrrkets  during  January  and  February. 
Examples  secured  in  northern  waters  are  much  subject  to  disease. 

Spawning  season  :  Reported  to  me  as  ripe  from  June  till  early  in 
August. 

Distribution  :  New  Zealand  coasts  (rarer  in  the  north). 

35.  Jordanidia  solandri  (Cuvier  and  Valenciennes).  Southern  King  fish. 

Sold  as  “  hake  ”  in  Wellington  and  “  lemon-fish  ”  in  Auckland. 
Large  quantities  are  taken  by  the  trawlers  from  Napier  southward. 
Common,  South  Island. 

Spawning  season  :  Midwinter  months. 

Distribution  :  Numbers  taken  during  spring,  Hauraki  Gulf  and  Bay 
of  Plenty  (unknown,  Bay  of  Islands). 

36.  Lepidopus  caudatus  (Euphrasen).  Frost-fish;  Para. 

Fairly  common  when  trawling  up  to  40  fathoms  in  Hauraki  Gulf 
during  winter  and  spring.  Taken  by  line,  Bay  of  Islands.  Specimens 
received  in  Wellington  and  southward  are  cast  up  on  beaches  during 
winter. 

Distribution  :  New  Zealand  coasts  (rarer  south  of  Bay  of  Plenty). 

37.  Engraulis  antipodum  (Gunther).  Anchovy ;  Kokowhawha. 

Commonly  trawled  in  Hauraki  Gulf  during  the  spring.  Here 
many  of  the  larger  fishes  were  found  to  be  subsisting  largely  on  this 
species. 

Distribution  :  Recorded  from  Thames.  Bay  of  Plenty,  and  Hauraki 
Gulf. 

38.  Sardina  neopilchardus  (Steindachner).  Pilchard;  Mohimohi. 

Sold  in  a  smoked  condition  in  Wellington  as  “  Picton  herring.” 
During  September  odd  examples  are  taken  by  the  trawlers  in  Hauraki 
Gulf. 

Spawning  season  :  November  and  December. 

Distribution  :  New  Zealand  coasts  (unknown,  Bay  of  Islands). 

39.  Clupea  antipoda  Hector.  Sprat ;  Kupae. 

Occasionally  seen  in  Wellington  during  the  winter  exposed  for  sale 
in  a  smoked  condition.  Vast  shoals  off  the  west  coast  of  Auckland  have- 
been  reported  to  me. 

Distribution  :  New  Zealand  coasts. 
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40.  Retropinna  retropinna  (Richardson).  Smelt. 

Called  “  paraki  ”  by  the  Maoris  of  Arahura,  on  the  west  coast  of 
the  South  Island.  The  young,  presumably  a  year  old,  commence  to  run 
up-stream  from  tidal  estuaries  of  large  rivers  in  October,  and  continue 
till  after  Christmas. 

Spawning  season  :  Adults  running  down-stream  in  October  have 
repeatedly  been  taken  from  which  the  ova  came  away  freely. 

Distribution  :  New  Zealand  coasts. 

41.  Anguilla  australis  Richardson.  Common  Eel;  Tuna. 

Examples  received  from  Lake  Wairarapa  are  occasionally  exposed 
for  sale  in  Wellington.  Young  of  this  species  run  up  the  South  Island 
rivers  in  October. 

Distribution  :  South  Island  and  southern  portion  of  North  Island. 

42.  Leptocephalus  conger  (Linnaeus).  Conger-eel ;  Koiro. 

Called  44  matamoe  55  by  the  Maoris  of  Arahura.  Commonly  taken  by 
the  trawlers  around  the  North  Island,  but  rarer  farther  south. 

Distribution  :  New  Zealand  coasts. 

43.  Congermuraena  habenata  (Richardson).  Silver-eel. 

Called  44  hao  ”  by  the  Arahura  Maoris.  Rare  in  Auckland  and 
Wellington  markets,  and  not  greatly  utilized  as  a  food  fish. 

Distribution  :  New  Zealand  coasts  (not  recorded  from  Bay  of 
Islands). 

44.  Muraena  krullii  Hector.  Yellow  Eel ;  Puhikorokoro. 

Occasionally  seen  in  Auckland  markets.  Abundant,  Bay  of  Islands. 

Distribution  :  Known  from  Hauraki  Gulf  and  North  Auckland 
Peninsula. 

45.  Galaxias  brevipinnis  Gunther.  Gudgeon. 

The  larval  form  is  utilized  for  food  in  the  spring  and  early  summer 
months  by  the  natives  in  the  Thermal  District,  North  Island. 

Distribution  :  Known  from  lakes  in  the  northern  half  of  the  South 
Island,  the  Waikato  River,  and  thermal  lakes. 

46.  Galaxias  attenuatus  (Jenyns).  Minnow;  Inanga. 

In  a  previous  paper*  I  have  summarized  the  life -history  of  this 
species  ;  but  from  reliable  information  received  from  Mr.  W.  B.  Braddon, 
of  Hokitika,  and  others  it  seems  apparent  that  spawning  takes  place 
during  March  in  the  tidal  estuaries,  the  young  being  carried  out  to  sea 
and  returning  later. 

Distribution  :  New  Zealand  rivers. 

47.  Galaxias  huttoni  Regan.  Koaro. 

Vast  shoals  appear  in  Lake  Roto-aira  in  November.  The  Maoris 
in  the  vicinity  allege  that  this  species  leaves  the  body  of  the  lake  in 
the  autumn  and  enters  underground  streams  and  channels,  where  it 
spawns  and  remains  throughout  the  winter. 

Distribution  :  I  have  recorded  examples  from  Lakes  Roto-aira  and 
Roto-pounamu. 

48.  Prototroctes  oxyrhynchus  Gunther.  Grayling  ;  Upokororo. 

Still  to  be  found  in  a  number  of  streams  on  the  west  coast  of  the 
South  Island.  Highly  esteemed  as  a  food  fish  by  Maoris  and  settlers 
An  example  has  recently  been  taken  from  a  stream  in  Taranaki. 

Spawning  season:  The  grayling  are  found  in  the  brackish  water  in 
the  estuaries  of  rivers  in  April.  Old  settlers  consider  this  to  be  the 
spawning  season. 

Distribution  :  New  Zealand  rivers  and  streams. 


*  W.  J.  Phillipps,  Life-history  of  the  Fish  Galaxias  attenuatus ,  Australian  Zoologist 
vol.  1,  pt.  7,  1919. 
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49.  Scombresox  forsteri  Cuvier  and  Valenciennes.  Skipper. 

A  highly  esteemed  edible  fish,  known  as  “  deep-sea  piper  ”  at  Bay  of 
Islands.  Secured  midwinter. 

Spawning  season  :  Sandager*  states  that  this  species  spawns  in 
May. 

Distribution  :  Examples  have  been  secured  as  far  south  as  Hokitika. 

50.  Hemiramphus  intermedius  Cantor.  Garfish,  or  Piper ;  Takeke. 

Occurs  in  abundance  around  all  the  northern  coasts.  Common, 
Otago,  in  spring  and  early  summer. 

Spawning  season  :  Midsummer. 

Distribution  :  New  Zealand  coasts. 

51.  Mugil  cephalus  Linnaeus.  Grey  Mullet ;  Kanae. 

Netted  up  to  7  lb.  weight  around  North  Auckland  Peninsula. 

Spawning  season  :  Midsummer  months. 

Distribution  :  I  have  recorded  this  species  as  far  south  as  D’Urville 
Island. 

52.  Agonostomus  forsteri  (Bloch  and  Schneider).  Common  Mullet ; 

Aua. 

Common  in  the  estuaries  of  all  tidal  rivers,  often  entering  fresh  water 
in  the  summer.  Called  “  herring  ”  at  Golden  Bay  and  on  the  west  coast 
of  the  South  Island,  but  not  identical  with  Picton  herring. 

Spawning  season  :  November. 

Distribution  :  New  Zealand  harbours  and  estuaries. 

53.  Seriolella  punctata  (Forster).  Silver-fish. 

Occasionally  seen  in  Dunedin  markets,  but  not  now  so  common  as 
several  years  ago.  I  have  one  unverified  note  on  the  appearance  of  this 
species  in  Wellington  during  1918. 

Distribution  :  Known  from  the  South  Island  and  southern  coasts 
of  the  North  Island. 

54.  Seriolella  brama  (Gunther).  Warehou . 

Commonly  sold  as  “  trevally  ”  in  Christchurch  and  Dunedin. 
Bare  at  Bay  of  Plenty  and  Auckland. 

Spawning  season  :  Latter  part  of  September  and  during  October. 

Distribution  :  A  southern  species ;  rare  in  the  extreme  north. 

55.  Eurumetopos  johnstonii  Morton.  Bream. 

Secured  north  of  Otago  Heads  on  groper-lines.  Common  several 
years  ago  in  Dunedin  markets. 

Distribution  :  A  southern  fish,  recorded  by  Waite  f  from  the  Chatham 
Islands. 

56.  Coelorhynchus  australis  (Richardson),  Javelin-fish. 

Occasionally  taken  by  trawlers  in  Golden  Bay.  Highly  esteemed 
as  a  food  fish. 

Distribution  :  Known  from  South  Island  coasts  and  Wellington 
Harbour. 

57.  Merluccius  gayi  (Guichenot).  Whiting. 

Sold  as  “  haddock  ”  in  Dunedin,  but  not  common.  Odd  examples 
have  been  taken  as  far  north  as  Hawke  Bay. 

Distribution  :  Unknown  north  of  East  Cape. 


*  F.  S.  Sandager,  loc.  cit.  (ref.  to  p.  131). 

t  E.  R.  Waite,  Notes  on  New  Zealand  Fishes,  No.  2,  Trans.  N.Z.  Inst.,  vol.  44, 
pp.  194-202  (ref  to  p.  200),  1912. 
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58.  Physiculus  bachus  (Forster).  Red  Cod;  Hoka. 

Large  examples,  up  to  10  lb.  weight,  are  common  in  Auckland  markets 
during  October. 

Spawning  season  :  I  have  one  record  of  the  ova  being  ripe  in  October. 

Distribution  :  New  Zealand  coasts. 

59.  Austboberyx  affinis  (Gunther).  Golden  Snapper ;  Koarea. 

A  highly  esteemed  food  fish,  of  very  beautiful  colours  when  first 
taken  from  the  water.  Secured  on  rock  bottom  in  about  20  fathoms. 

Distribution  :  Common,  Bay  of  Islands  and  Great  Barrier  Island  ; 
taken  as  far  south  as  Cape  Campbell. 

60.  Helicolenus  percoides  (Bichardson).  Sea-perch ;  Rohuiakaroa. 

Secured  in  rocky  localities  among  blue  cod.  Large  numbers  common 
in  Christchurch  markets  during  early  summer  months. 

The  Hon.  G.  M.  Thomson,  in  notes  on  wild  life  in  New  Zealand 
(Otago  Witness ),  states  that  this  species  is  viviparous,  producing  its 
young  from  September  to  December. 

Distribution  :  New  Zealand  coasts  (not  so  common  in  the  north). 

61.  Scorpaena  cardinalis  Bichardson.  Red  Rock-cod  ;  Matuawhapuku. 

Very  common  throughout  the  year  in  rocky  localities  around  North 
Auckland  Peninsula,  but  not  greatly  utilized  as  a  food  fish. 

Distribution :  A  northern  species ;  occasionally  seen  on  the  northern 
and  western  coasts  of  the  South  Island. 

62.  Congiopodus  leucopaecilus  (Bichardson).  Pig  fish;  Puramorua. 

Large  numbers  commonly  sold  throughout  the  year  in  Christchurch 
under  the  name  of  “  silver  trumpeter.”  Barely  seen  in  Dunedin  markets 
unless  other  fish  are  scarce. 

Spawning  season  :  September. 

Distribution  :  South  Island  and  southern  coasts  of  North  Island. 

63.  Zeus  faber  Linnaeus.  J ohn-dory ;  Kuparu . 

Common  at  Bay  of  Islands  throughout  the  year.  Bare  from  Bay  of 
Plenty  and  Hauraki  Gulf  during  winter.  Stomachs  of  examples  trawled 
in  Hauraki  Gulf  during  September  were  invariably  found  to  contain  one 
or  more  specimens  of  the  common  sole. 

Spawning  season  :  December  and  early  in  January. 

Distribution  :  Odd  examples  have  been  secured  as  far  south  as 
D’Urville  Island  and  French  Pass. 

64.  Cyttus  novae-zealandiae  (Arthur).  Silver-dory. 

A  deep-water  species  secured  by  line  fishermen.  Examples  were 
received  by  the  Municipal  Fisheries  Company  during  my  visit  to  Auck¬ 
land  in  September. 

Spawning  season  :  Arthur*  found  the  condition  of  the  ovaries  almost 
gravid  in  an  example  taken  off  Otago  Heads  in  September. 

Distribution  :  New  Zealand  coasts. 

65.  Caulopsetta  scapha  (Forster).  Megrim. 

Known  as  “  witch  ”  or  “  lantern-fish  ”  at  Napier.  Taken  by  trawlers 
in  sandy  localities  as  far  north  as  Hauraki  Gulf.  Not  popular  as  a 
food  fish. 

Spawning  season  :  August. 

Distribution  :  New  Zealand  coasts  (unknown  North  Auckland 
Peninsula). 


*  W.  Arthur,  Notes  on  New  Zealand  Fishes,  Trans.  N.Z.  Inst.,  vol.  17,  pp.  160-72 
(ref.  to  p.  164),  1885. 
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66.  Ammotretis  guntheri  Hutton.  Brill. 

Received  in  Wellington  from  Timaru  and  sold  as  44  lemon  sole.”  The 
supply  is  small,  increasing  towards  the  end  of  summer. 

Spawning  season  :  July  and  August. 

Distribution  :  South  Island  and  Cook  Strait. 

67.  Ammotretis  nudipinnis  Waite.  Turbot. 

A  rare  fish  in  each  of  the  four  chief  towns.  I  have  been  informed 
that  it  is  more  common  around  Invercargill  and  Stewart  Island. 

Spawning  season  :  July  and  August. 

Distribution  :  South  Island  coasts  ;  examples  have  been  taken  as 
far  north  as  Whangarei. 

68.  Pelotretis  flavilatus  Waite.  Lemon  Sole. 

Sold  as  44  brill  ”  in  Wellington.  Mr.  Adams  informs  me  that  it  is 
common  in  Dunedin  markets  during  midsummer,  when  examples  are 
secured  off  Otago  Heads  in  about  15  fathoms. 

Spawning  season  :  Early  spring  (South  Island) ;  reports  received  from 
North  Island  localities  indicate  the  ova  as  ripe  from  July  to  October. 

Distribution  :  New  Zealand  coasts. 

69.  Rhombosolea  plebeia  (Richardson).  Sand-flounder ;  Patiki. 

One  of  the  commonest  flounders,  frequenting  deeper  water  than  the 
yellow  flounder;  and  never  found  in  estuaries  of  rivers. 

Spawning  season  :  July  and  August. 

Distribution  :  New  Zealand  coasts. 

70.  Rhombosolea  millari  Waite.  Yellow  Flounder ;  Patiki-totara. 

Found  in  abundance,  Bay  of  Islands,  Hauraki  Gulf,  and  Bay  of 
Plenty.  It  is  not  so  commonly  seen  in  Wellington  as  the  sand-flounder. 

Spawning  season  :  July  and  August. 

Distribution  :  New  Zealand  coasts  (not  so  abundant  south  of  Napier). 

71.  Rhombosolea  tapirina  Gunther.  Green-back  Flounder. 

Common  around  Dunedin.  Mr.  Griffin  has  recorded  this  species  in 
the  Auckland  markets. 

Spawning  season  :  July  and  August. 

Distribution  :  Unknown  from  the  vicinity  of  Napier,  Wellington,  and 
from  northern  parts  of  the  South  Island. 

72.  Rhombosolea  retiaria  Hutton.  Black  Flounder ;  Patiki-mohoao. 

This  species,  known  generally  as  44  river-flounder,”  is  occasionally 
taken  in  the  sea.  Common  in  the  estuaries  of  most  large  rivers,  and 
often  taken  many  miles  inland. 

Distribution  :  I  have  identified  examples  from  Lake  Wairarapa,. 
Hawke  Bay,  and  North  Auckland  Peninsula. 

73.  Peltorhamphus  novae -zeelandiae  Gunther.  Common  Sole;  Patikirori . 

At  the  beginning  of  September  large  numbers  of  small  and  a  few 
adult  examples  are  received  in  Wellington  from  Timaru.  These  have 
just  spawned,  and  are  not  in  as  good  condition  as  specimens  arriving 
from  Napier. 

Spawning  season  :  August  (off  Timaru)  ;  September  (off  Napier). 

Distribution  :  New  Zealand  coasts  (not  common,  North  Auckland 
Peninsula). 

74.  Chelidonichthys  kumu  (Lesson  and  Garnot).  Red  Gurnard;  Kumu- 

kumu. 

Commonly  secured  by  trawlers  up  to  40  fathoms.  Abundant  in 
Wellington  markets,  end  of  August  until  December. 

Spawning  season  :  Roughley*  gives  the  spawning  season  November 
and  December.  I  have  record  of  the  ova  being  ripe  in  January. 

Distribution  :  New  Zealand  coasts  (rarer  in  the  south). 


*  T.  C.  Roughley,  loc.  cit.,  p.  185. 
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75.  Lepidotrigla  brachyoptera  (Hutton).  Gurnard. 

Recorded  examples  trawled  in  Hawke  Bay  among  large  numbers  of 
red  gurnards.  Large  numbers  are  never  to  be  seen  exposed  for  sale  in 
Wellington,  though  I  am  informed  that  it  is  fairly  common  around 
Dunedin. 

Distribution  :  New  Zealand  coasts. 

76.  Pterygotrigla  picta  (Gunther).  Spotted  Gurnard. 

A  rare  species  in  Auckland  and  Wellington  markets.  Examples  noted 
in  Wellington  were  received  from  Napier. 

Distribution  :  North  Island  (unknown  south  of  Napier). 

77.  Kathetostoma  giganteum  Haast.  Flathead. 

Common,  North  Auckland  Peninsula  ;  but  seldom  utilized  as  a  food 
fish.  Occasionally  seen  in  Christchurch  markets. 

Distribution  :  New  Zealand  coasts  (rarer  in  the  extreme  south). 

78.  Leptoscopus  macropygus  (Richardson).  Star-gazer. 

I  have  recorded  this  species  in  Napier  and  Wellington  markets,  but 
it  is  generally  considered  rare. 

Distribution  :  New  Zealand  coasts. 

79.  Parapercis  colias  (Forster).  Blue  Cod ;  Rawaru. 

A  highly  esteemed  food  fish  ;  secured  in  water  up  to  100  fathoms. 

Spawning  season  :  October  and  November  in  South  Island,  and  as 
early  as  August  in  the  North  Island. 

Distribution  :  New  Zealand  coasts. 

80.  Notothenia  macrocephala  Gunther.  Maori  Chief. 

Known  to  Wellington  fishermen  as  “  morepork.”  Secured  off  Island 
Bay  during  the  autumn. 

Spawning  season  :  September. 

Distribution  :  South  Island  and  southern  coasts  of  North  Island. 

81.  Genypterus  blacodes  (Bloch  and  Schneider).  Ling  ;  Hokarari. 

A  deep-water  fish,  to  be  secured  during  all  months  of  the  year. 
Common  around  Stewart  Island  and  the  South  Island  generally. 

Distribution  :  Taken  as  far  north  as  the  Bay  of  Plenty  and  Hauraki 
Gulf,  where  it  is  considered  rare. 

82.  Cantherines  convexirostris  (Gunther).  Leather -jacket ;  Kokiri. 

Large  numbers  are  skinned  and  sold  in  Auckland  as  “  cream-fish.” 
Secured  up  to  40  fathoms  by  the  trawlers. 

Distribution  :  New  Zealand  coasts  (less  common,  South  Island). 

83.  Raja  nasuta  Muller  and  Henle.  Skate ;  Whai. 

Not  greatly  in  demand  as  a  food  fish  ;  but  during  a  scarcity  of  other 
fish  is  sold  in  Auckland,  Wellington,  and  towns  on  the  west  coast  of 
the  South  Island. 

Spawning  season  :  Midwinter  months. 

Distribution  :  New  Zealand  coasts  (rarer  in  the  south). 

84.  Callorhynchus  milii  (Bory).  Elephant-fish;  Reperepe. 

In  Christchurch  large  numbers  are  sold  under  the  name  of  “  silver 
trumpeter.”  This  species  is  caught  up  to  20  lb.  in  deep  water  off  Cape 
Brefct. 

Distribution  :  New  Zealand  coasts  (rarer  in  the  north). 

85.  Squalus  fernandinus  (Molina).  Spiny  Dogfish ;  Pioke. 

Large  numbers  are  smoked  and  readily  sold  in  the  Auckland  markets 
under  the  name  of  “  silver-spots.” 

Distribution  :  New  Zealand  coasts. 


Record  op  Fishes  exposed  for  Sale  in  Wellington  during  1918. 
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NOTES  ON  MALARIAL  INFECTION  IN  THE  IMPORTED 

SKYLARK. 

By  A.  B.  Dore. 

The  yearly  examination  of  blood-films  from  birds  obtained  in  the  Waikato 
district  has  shown  the  occurrence  of  malarial  parasites  in  the  imported 
thrush  and  blackbird  and  in  the  native  ground-lark.  This  year  140  birds, 
comprising  thirteen  species,  were  examined  for  haematozoa,  and  malarial 
parasites  were  observed  in  another  species  of  imported  bird.  This  species 
was  repeatedly  examined  for  evidence  of  malarial  infection  for  the  past 
seven  years,  with  negative  results  until  this  year. 

Plasmodium  of  the  Imported  Skylark  ( Alauda  arvensis). 

The  infected  birds  were  shot  at  Kimihia,  in  the  Waikato  district,  on 
the  17th  January,  1921.  Blood-films  were  prepared  direct  from  the  heart, 
fixed  in  absolute  alcohol,  and  stained 
by  the  Giemsa  method.  Examination 
of  the  most  heavily  infected  bird 
showed  that  15  per  cent,  of  its  erythro¬ 
cytes  harboured  plasmodia,  whilst  in 
others  the  number  of  parasites  en¬ 
countered  on  a  slide  did  not  exceed 
ten.  The  majority  of  infected  erythro¬ 
cytes  were  partly  dehaemoglobinized. 

Occasionally  a  disintegrated  erythro¬ 
cyte  was  observed,  and  a  collection 
of  twelve  to  sixteen  merozoites  were 
usually  scattered  around  the  nucleus 
of  the  host  cell.  All  stages  of  schizo¬ 
gony  were  observed  in  the  blood  from 
one  bird,  from  merozoites  recently 
invading  a  cell  to  mature  male  and 
female  gametocytes.  The  nuclei  of 
the  parasites  stained  well,  and  were 
fairly  uniform  in  size.  Melanin,  un¬ 
evenly  distributed,  was'  present  in  all 
parasites,  with  the  exception  of  forms 
measuring  less  than  3*2  /x. 

Nuclear  displacement  of  host  cells 
was  marked.  Multiple  infection  was 
present  in  several  erythrocytes,  and  the  greatest  number  of  young  forms 
encountered  in  a  cell  was  four.  Measurements  of  adult  plasmodia  averaged 
7-6  /x  by  5-4  /x. 

A  count  of  400  consecutive  parasites  showed  the  following  percentages  : 
Male  gametocytes,  60  per  cent.  ;  female  gametocytes,  35  per  cent.  ;  doubt¬ 
ful  forms,  5  per  cent.  Five  per  cent,  of  the  skylarks  examined  were  infected 
with  this  parasite. 
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Fig.  1. — Plasmodium  of  the  skylark. 
A,  merozoites  lying  adjacent  to 
nucleus  of  host  cell;  B  and  C,  plas- 
modia  in  ruptured  erythrocytes, 
from  which  nuclei  have  been  ex¬ 
truded  ;  D,  merosoite  formation ; 
E,  free  male  gametocyte. 
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Measurements  of  hosts,  erythrocytes  : — 

Average 

Average 

Length. 

Breadth. 

Corpuscles 

..  11-2 /x 

6-2  /x 

Nuclei 

. .  4*9  /x 

2-7 /x 

Measurements  of  erythrocytes  containing  parasites 

Average 

Average 

Length. 

Breadth. 

Corpuscles 

..  11-3/x 

7-6  /x 

Nuclei 

.  .  4-8  /x 

2*8  /x 

Description  of  Six  Successive  Parasites . — (1.)  Spherical  in  form  ;  mea¬ 
sures  4*8  /x  in  diameter  ;  protoplasm  deep  blue,  showing  slight  vacuolation  ; 
nucleus  appears  as  a  broad  deeply  staining  band  extending  across  the 
parasite  ;  one  large  mass  of  melanin  towards  one  end,  three  granules  of 
melanin  lying  at  side  of  nucleus. 

(2.)  Spherical  in  form  ;  measures  6-4  /x  in  diameter  ;  protoplasm  deep 
blue ;  nucleus  stained  faintly,  spherical,  situated  at  edge  of  parasite ; 
sixteen  granules  of  melanin  opposite  nucleus. 

(3.)  Spherical  in  form  ;  measures  3-2  /x  in  diameter  ;  protoplasm  pale 
blue,  showing  slight  vacuolation  ;  nucleus  stained  deeply  and  occupied  one- 
third  of  the  parasite  ;  melanin  absent. 

(4.)  Oval  in  form  ;  measures  4*8  /x  by  3-2  /x  ;  protoplasm  pale  blue, 
showing  marked  vacuolation  ;  nucleus  stained  deeply,  central  in  position  ; 
one  small  compact  mass  of  melanin  at  each  end. 

(5.)  Oval  in  form ;  measures  8/x  by  6-4  /x  ;  protoplasm  pale  blue  ; 
nucleus  stained  faintly  and  showing  slight  vacuolation,  central  in  position  ; 
seventeen  granules  of  melanin  scattered. 

(6.)  Spherical  in  form;  measures  1-6 /x  in  diameter;  protoplasm  pale 
blue,  large  vacuole  in  centre  ;  nucleus  stained  deeply,  spherical  and  situated 
towards  one  end  ;  melanin  absent. 

Halteridium  (Danilewskyi)  of  the  Skylark  ( Alauda  arvensis). 

The  infected  birds  were  either  shot  or  captured  at  Kimihia,  in  the  Wai¬ 
kato  district,  during  January,  1921.  Blood-films  were  prepared  from  the 
heart,  fixed  in  absolute  alcohol,  and  stained  by  the  Giemsa  method.  The 
number  of  infected  birds  from  this  district  totals  approximately  3  per  cent. 
In  the  case  of  adult  birds  the  infection  was  usually  slight,  and  sometimes 
a  prolonged  examination  revealed  fewer  than  twelve  parasites  on  a  slide. 
The  most  heavily  infected  adult  bird  showed  halteridia  in  8  per  cent,  of  its 
erythrocytes.  Infection  was  more  severe  in  the  younger  birds,  especially 
nestlings,  often  as  many  as  14  per  cent,  of  their  erythrocytes  being  invaded. 
Examinations  for  the  piesence  of  ecto -parasites  on  these  birds  were  negative. 

The  halteridia  were  similar  in  appearance  to  those  observed  in  the  im¬ 
ported  song-thrush  (T Urdus  musicus )*  but  slightly  larger,  measuring  10-2  /x 
in  length  by  2-2  /x  to  3-6  /x  in  breadth. 

Measurements  of  erythrocytes  infected  with  adult  parasites  : — 

Average  Average 

Length.  Breadth. 

Corpuscles  ..  ..  ..  ..  11-6 /x  6-8 /x 

Nuclei  . .  . .  . .  . .  4 -8/x  3-2  /x 


*  A.  B.  Dore,  Notes  on  some  Avian  Haematozoa  observed  in  New  Zealand, 
N.Z.  Journ.  Sci.  &  Tech.,  vol.  3,  pp.  10-12,  1920. 
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The  nuclei  of  the  halteridia  were  usually  central  in  position  and  stained 
well.  Melanin  granules  were  generally  situated  in  clumps  towards  the  poles 
of  the  parasite,  and  were  more  numerous  in  the  female  gametocytes. 
Differentiation  between  the  male  and  female  gametocyte  is  determined  by 
the  staining  reaction  of  the  cytoplasm,  which  is  darker  in  the  female,  and 
of  the  nucleus,  which  is  somewhat  larger  in  the  male. 

A  count  of  400  consecutive  parasites  showed  the  following  percentages  : 
Male  gametocytes,  30  per  cent.  ;  female  gametocytes,  70  per  cent. 

A  few  erythrocytes  were  observed  showing  multiple  infection,  and  in 
no  instance  did  the  number  of  parasites  in  a  cell  exceed  three.  Occasion¬ 
ally  two  adult  parasites  were  encountered  in  a  cell ;  in  these  cases  the  host 
cell  showed  abnormality  of  contour.  The  largest  infected  cell  measured 
12*8  /x  in  length  by  8/x  in  breadth,  and  harboured  two  adult  parasites— 
a  male  and  a  female  gametocyte. 

Description  of  Sir  Successive 
Adult  Parasites.  —  (1.)  Protoplasm 
pale  blue  ;  nucleus  pale  pink,  cres¬ 
cent-shaped,  central  in  position ;  five 
granules  of  melanin  towards  one  end 
and  four  towards  the  other. 

(2.)  Protoplasm  dark  blue; 
nucleus  purple,  oval  in  shape  and 
situated  towards  one  end  of  the 
parasite  ;  eleven  granules  of  melanin 
at  one  end  and  nine  towards  the 
other. 

(3.)  Protoplasm  pale  blue; 
nucleus  purple,  appears  as  a  broad 
band,  central  in  position  ;  four 
granules  of  melanin  at  each  pole. 

(4.)  Protoplasm  dark  blue, 
showing  slight  vacuolation  ;  nucleus 
unstained  ;  six  granules  of  melanin 
in  centre  of  parasite  and  two 
granules  at  each  pole. 

(5.)  Protoplasm  dark  blue,  show¬ 
ing  marked  vacuolation  ;  nucleus 
composed  of  several  faintly  staining 
pink  strands  situated  near  centre  of  parasite  ;  seven  granules  of  melanin 
at  one  end  and  four  towards  the  other. 

(6.)  Protoplasm  dark  blue ;  nucleus  unstained ;  sixteen  granules  of 
melanin  scattered. 

During  the  systematic  examination  of  blood-films  from  hundreds  of 
birds,  all  of  which  were  either  shot  or  captured  in  the  North  Island, 
malaria]  parasites  were  recorded  in  the  native  ground -lark  ( Anthus  novae- 
zealandiae''')  and  in  three  species  of  imported  birds — namely,  song-thrush 
(T urdus  musicus),  blackbird  ( T urdus  merula),  and  in  the  skylark  ( Alauda 
arvensis ).  Wherever  possible  the  blood  examination  was  supplemented  by 
an  examination  of  the  bone-marrow.  No  other  parasites  were  detected  : 
this  is  interesting  in  view  of  the  findings  in  other  countries.  In  England 


*  A.  B.  Dore,  The  Occurrence  of  Malaria  in  the  Native  Ground-lark,  N.Z.  Journ. 
Sci.  Tech.,  vol.  3,  pp.  118-19,  1920. 


Fig.  2.  —  Halteridium  of  the  skylark. 
A,  B,  and  C,  multiple  infection  of 
erythrocytes. 
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trypanosomes  and  leucocytozoa  are  exceedingly  common  in  birds,  often 
occurring  in  conjunction  with  malarial  parasites.  The  apparent  non-exist¬ 
ence  of  these  parasites  in  New  Zealand  might  be  explained  if  more  were 
known  of  their  intermediate  hosts,  and  whether  the  intermediate  hosts  of 
these  parasites  exist  in  this  country.  In  Australia  trypanosomes,  leuco¬ 
cytozoa,  and  filariae  found  in  native  birds  have  been  recorded.  The 
scarcity  of  haematozoa  is  not  only  restricted  to  birds,  but  is  especially 
noticeable  amongst  the  reptiles  and  fishes.  Examination  of  one  hundred 
native  lizards,  comprising  three  species,  showed  the  presence  of  Haemo- 
gregarina  lygosomarum*  in  the  common  skink  ( Lygosoma  moco).  Four 
hundred  fresh- water  eels  ( Anguilla  aucMandii )  were  examined  for  Try¬ 
panosoma  granulosum ,  and  two  hundred  frogs  ( Hyla  aurea)  for  Trypanosoma 
rotatorium,  all  with  negative  results.  Both  these  parasites  have  been 
recorded  from  practically  every  other  part  of  the  world. 


THORNHILL’S  SODIUM-SULPHIDE  PROCESS  FOR  THE 

RECOVERY  OF  MERCURY, 

As  applied  to  Cinnabar-ore  from  Puhipuhi.f 

By  W.  Donovan,  M.Sc.,  Assistant  Dominion  Analyst. 

Chemically’  considered,  the  usual  process  for  the  recovery  of  mercury 
from  its  ores  is  a  very  simple  operation,  which  depends  on  the  fact  that 
when  cinnabar  (mercuric  sulphide)  is  heated  to  a  dull  red  in  air,  sulphur 
dioxide  and  metallic  mercury  are  formed,  and  the  latter  volatilizes.  The 
ore  need  be  broken  only  to  the  size  of  2  in.  to  2J  in.  cubes,  and  if  the 
operation  is  conducted  in  a  furnace  with  a  suitable  condensing-system  the 
mercury  is  practically  all  recoverable.  In  1914  E.  B.  Thornhill  introduced 
another  process,  consisting  of  the  solution  of  the  mercuric  sulphide  in 
alkaline  sulphide,  and  precipitation  of  the  metal  with  scrap  aluminium. 
He  found  that  in  the  amalgamation  of  high-grade  silver-ores  in  the 
presence  of  strong  cyanide  solution  large  amounts  of  mercury,  chiefly  as 
sulphide,  found  their  way  into  the  tailings,  and  that  this  mercury  was 
readily  recovered  by  his  process.  Experimental  work  has  been  carried 
out  in  California  (“  Quicksilver  in  California,”  California  State  Mining 
Bureau)  and  in  New  Zealand  (C.  H.  Holland,  N.Z.  Journal  of  Science  and 
Technology,  vol.  1,  p.  153)  with  regard  to  the  application  of  the  process 
to  naturally  occurring  sulphide,  and  the  results  have  been  very  encouraging. 

The  New  Zealand  Quicksilver-mines  (Limited),  who  control  a  mine  at 
Puhipuhi,  North  Auckland,  had  trouble  in  1916  with  the  condensing- 
system  of  their  furnace,  and  asked  for  an  investigation  of  the  Thornhill 
process,  but  only  a  small  amount  of  preliminary  work  was  done  at  that 
time.  The  trouble  became  more  pronounced  early  in  1920.  In  addition 
there  was  a  shortage  of  suitable  fuel,  and  a  considerable  proportion  of  the 


*  A.  B.  Dor£:,  The  Occurrence  of  Haemogregarina  in  New  Zealand  Lizards,  N.Z. 
Journ.  Sci.  6  Tech.,  vol.  2,  pp.  163-64,  1919. 

t  Paper  read  before  the  second  New  Zealand  Institute  Science  Congress,  Palmerston 
North,  26th  January,  1921. 

9 — Science. 
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ore  consisted  of  44  fines,”  which  blocked  the  furnace.  In  consequence  the 
experimental  work  was  resumed  at  the  request  of  the  Under-Secretary  of 
Mines. 

Two  iarge  samples,  about  1  cwt.  each,  were  obtained  by  Mr.  T.  0. 
Bishop,  Inspecting  Engineer  of  Metalliferous  Mines.  The  first  represented 
the  average  ore  being  mined  at  that  time.  It  consisted  of  a  silicified 
breccia,  mingled  with  clay  rock.  The  chief  mineral  present  was  cinnabar 
(red)  with  a  little  metacinnabarite  (black),  and  the  accessory  minerals 
were  iron-pyrites  and  magnetite,  both  in  small  amounts  only.  It  assayed 
mercury,  0-75  per  cent.  The  second  sample  consisted  of  fine  material, 
already  referred  to.  It  contained  much  more  clay  than  the  first  sample, 
but  was  similar  in  other  respects,  and  assayed  mercury,  1-44  per  cent. 

The  solution  recommended  by  Thornhill  is  sodium  sulphide  4  per  cent., 
caustic  soda  1  per  cent.  ;  and  it  was  at  once  apparent  that  direct  treatment 
of  the  ore  by  a  solution  of  this  nature  would  be  very  costly.  If,  however, 
the  cinnabar  could  be  concentrated  prior  to  treatment  the  quantity  of 
solution  required  would  be  considerably  reduced,  and  the  cost  lessened 
proportionately.  Concentration  experiments  were  therefore  made. 

Water  concentration  did  not  prove  satisfactory,  as  some  of  the  cinnabar 
was  in  a  state  of  very  fine  division  and  was  carried  away.  Oil  flotation 
was  then  tried,  and  some  preliminary  tests,  made  in  a  separating-funnel, 
were  very  encouraging.  A  parcel  of  the  ore  was  then  sent  to  Mr.  A.  H.  V. 
Morgan,  Director  of  the  Waihi  School  of  Mines,  where  a  small  44  Case  ” 
cell,  with  mechanical  agitation,  had  been  installed.  The  chief  difficulty 
was  the  large  amount  of  clay  in  the  ore.  The  addition  of  sulphuric  acid, 
which  is  customary  in  many  plants,  did  not  help  concentration.  Lime, 
which  was  recommended  by  E.  G.  Stowell  and  W.  H.  Coghill  in  a  paper, 
44  Experimental  Flotation  of  Low-grade  Quicksilver-ore  ”  ( Mining  and 
Scientific  Press,  vol.  120,  1920,  p.  117),  greatly  improved  the  extraction,  but 
it  was  difficult  to  judge  from  the  appearance  of  the  froth  when  the  cinnabar 
ceased  to  be  carried  over,  and  the  tendency  was  to  collect  a  rather  large 
bulk  of  concentrate.  Caustic  soda  was  somewhat  better  than  lime,  but 
the  best  results  were  obtained  with  the  addition  of  caustic  soda  and 
common  salt,  in  the  proportions  of  1  lb.  and  2-5  lb.  respectively  per  ton 
of  ore  treated.  The  salt,  being  an  electrolyte,  apparently  caused  an 
agglomeration  of  the  colloidal  clay  particles,  and  a  clean  separation  of 
sulphide  and  gangue  resulted.  The  oil  used  was  a  eucalpytus-oil  produced 
by  the  Tasmanian  Eucalyptus  Company,  Melbourne  ;  amount,  0*25  per 
cent.,  or  5  lb.  per  ton  of  ore.  The  ore  was  ground  to  pass  100-mesh. 
The  following  table  gives  a  few  examples  of  the  results  obtained  : — - 


Sample. 

Plllp. 

Oils  and  Chemicals. 

Per 

Cent. 

Per  Cent.  Hg  by  Assay. 

Per  Cent. 
Extraction. 

Concen¬ 

trate. 

Head. 

Cone. 

Tail. 

By  Cone. 

By 

Tails. 

A 

1  :  12 

0*1%  eucalyptus  +  2  lb. 
lime  per  ton 

7-00 

0-76 

8-88 

0-07 

81-8 

91-4 

T3 

1  :  12 

0*3%  eucalyptus  +  2  lb. 

h2so4 

2-30 

0-76 

14-14 

0-33 

42-8 

56-6 

C 

1  :  12 

0”05%  eucalyptus  +  1  lb. 
NaOH 

5-30 

0'68 

10-60 

0-09 

82-6 

87-4 

D 

]  :  10 

0*25%  eucalyptus  +  1  lb. 
NaHO  +  2*5  lb.  NaCl 

3-85 

1-42 

31-50 

0-17 

85-5 

88-0 

1921.]  Donovan. — Thornhill’s  Sodium-sulphide  Process. 
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This  is  the  first  time  to  my  knowledge  that  oil  concentration  has  been 
successfully  applied  to  cinnabar  in  New  Zealand.  It  is  to  be  hoped  that 
Mr.  Morgan  will  publish  full  details  of  the  experiments. 

By  a  single  treatment  a  concentrate  assaying  30  per  cent,  mercury  and 
containing  85  to  90  per  cent,  of  the  total  cinnabar  is  readily  obtained. 
By  a  double  treatment,  using  a  “  rougher  ”  and  a  “  cleaner  ”  cell,  this 
result  could  no  doubt  be  further  improved. 

The  concentrate  as  obtained  is  suited  for  treatment  by  the  Thornhill 
process,  though  the  solvent  action  is  not  as  rapid  as  has  been  found  for 
cinnabar  in  California.  There  it  was  reported  that  a  half-hour  contact  was 
sufficient  for  complete  solution,  but  with  the  Puhipuhi  concentrates  the 
time  required  was  two  to  three  hours  with  agitation  or  forty-eight  hours 
without.  The  process,  as  mentioned  before,  consists  in  dissolving  the 
cinnabar  in  a  solution  containing  4  per  cent,  sodium  sulphide  and  1  per 
cent,  caustic  soda.  It  has  been  known  that  mercuric  sulphide  is  soluble 
in  sodium  sulphide,  with  the  probable  formation  of  a  double  sulphide  of 
mercury  and  sodium  (HgS.Na2S).  To  examine  this  point  further,  and 
to  ascertain  the  reason  for  the  addition  of  caustic  soda,  varying  known 
amounts  of  caustic  soda  were  added  to  a  fixed  amount  (16  c.c.)  of  a 
normal  solution  of  sodium  sulphide,  and  a  5-per-cent,  solution  of  mercuric 
chloride  run  in  from  a  burette  until  the  precipitate  formed  just  failed  to 
redissolve — i.e.,  until  the  solution  was  saturated  with  mercuric  sulphide 
formed  by  the  interaction  of  the  sodium  sulphide  and  mercuric  chloride. 
The  following  table,  in  which  the  mercuric  chloride  added  is  calculated 
to  normal  strength,  gives  the  results,  together  with  the  molecular  pro¬ 
portions  of  mercuric  sulphide,  sodium  sulphide,  and  caustic  soda  in  each 
solution  at  the  equilibrium  point : — 


— 

N.Na2S 
taken . 

N.NaOH  added. 

N.HgCl2 

required. 

Proportions  of  HgS,  Na2S,  and  NaOH 
in  Equilibrium. 

c.c. 

c.c. 

c.c. 

1 

16 

Ni] 

2-67 

HgS.Na2S 

4.0  Na2S. 

2 

16 

8 

4-25 

HgS.Na.>S 

1-8  Na2S 

1-85  NaOIl. 

3 

16 

25 

5*30 

HgS.Na9S 

1*0  Na2S 

4*7  NaOH. 

4 

16 

62-5 

6-00 

HgS.Na2S 

0  66  Na2S 

10‘4  NaOH. 

5 

16 

125 

6-60 

HgS.Na^S 

0-4  Na2S 

19-0  NaOH. 

6 

16 

300 

7-40 

•  • 

7 

16 

Excess  of  saturated 

8-00 

HgS.Na.jS 

- - 

excess  NaOH. 

solution 

The  compound  formed  is  probably  HgS.Na2S,  and  this  is  soluble 
in  a  solution  containing  four  equivalents  of  sodium  sulphide,  or  in  a 
great  excess  of  caustic  soda,  or  in  solutions  containing  both  of  these 
chemicals. 

The  effect  of  the  addition  of  caustic  soda  is  made  very  plain  if  these 
results  are  plotted  in  the  form  of  a  curve  allowing  for  the  sulphide  used 
up  in  changing  Hg012  to  HgS,  and  converting  the  Hg012  into  its  equivalent 
of  HgS.  As  Na2S  may  be  regarded  as  NaHS.NaOH  (less  H20),  some 
results  are  included  which  were  obtained  by  the  titration  of  NaHS  con¬ 
taining  small  amounts  of  NaOH,  and  all  the  initial  solutions  are  regarded 
as  additions  of  NaOH  to  8  c.c.  of  N.NaHS. 

It  will  be  noticed  that  the  solubility  of  the  mercuric  sulphide  is 
increased  by  the  addition  of  the  caustic  soda,  and  that  the  rate  of  increase 
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is  very  rapid  at  first,  and  then  diminishes.  Plotting  from  the  curve,  we 
obtain, — 

Addition  of- — 


8  c.c.  NaOH, 

making  solution  XNa2S 

12  c.c.  ,, 

?  ? 

XNa2S 

16  c.c.  ,, 

5  ? 

XNa2S 

20  c.c.  ,, 

?  5 

XNa2S 

24  c.c.  ,, 

, . 

XNa2S 

f  NaOH 

4 

|  NaOH 

^  NaOH 
X  NaOH 


0-370 

0-505 

0-620 

0-695 


TO  T3 
?-l 

O  ^ 


0-760 ' 


K 


*  This  point  obtained  by  interpolation. 


That  is,  the  addition  of  caustic  soda  in  amount  equal  to  a  quarter  of  the 
percentage  of  Na2S  present  increases  the  solubility  of  the  HgS  by  37  per 
cent.  ;  if  half  the  percentage  is  added  the  increase  is  70  per  cent.  ;  while 
if  the  same  percentage  of  NaOH  is  added  the  solubility  is  doubled. 

To  confirm  this,  an  excess  of  mercuric  sulphide  was  treated  with  a 
4-per-cent,  solution  of  sodium  sulphide,  without  the  addition  of  soda,  and 
with  the  addition  of  amounts  equivalent  to  1,  2,  3,  and  4  per  cent.  The 
results  were, — - 


Experiment. 

Na2S,  4  per  Cent, 
taken. 

'  ••  V 

NaOH  present. 

Grammes  HgS 
dissolved. 

Per  Cent.  Increase 
on  A. 

A 

16 

Nil 

0-64 

B 

16 

1  per  cent. 

0-84 

31-3 

C 

16 

2  „ 

1-04 

62-5 

D 

16 

3 

1-16 

81-2 

E 

16 

4 

l  26 

96-9 
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It  would  appear  that  a  solution  4  per  cent.  Na2S,  2  per  cent.  NaOH 
would  be  more  effective  than  one  containing  4  per  cent.  Na2S,  1  per  cent. 
NaOH.  This  point,  and  an  equally  important  one,  the  change  of  rate  of 
solution  of  HgS  as  the  strength  and  proportionate  composition  of  the 
solution  are  varied,  still  remain  to  be  investigated. 

Another  effect  of  the  addition  of  NaOH  is  to  stabilize  the  sodium 
sulphide.  Bloxham  ( Journal  Chemical  Society ,  vol.  77,  p.  762)  states  that 
normal  sulphide  in  solution  becomes  a  mixed  solution  of  hydrosulphide 
(NaHS)  and  hydroxide  (NaOH),  but  that  the  hydrosulphide  does  not 
so  dissociate.  It  is  at  once  evident  that  the  addition  of  hydroxide  to 
sodium  sulphide  will  limit  this  dissociation.  Also,  the  rate  at  which  a 
solution  of  4  per  cent.  Na2S  will  oxidize  in  air  is  sensibly  retarded  by  the 
addition  of  NaOH  1  per  cent. 

NaOH  has  thus  three  effects  :  (1)  It  dissolves  the  double  sulphide  of 
mercury  and  sodium  ;  (2)  it  sets  free  sodium  sulphide  to  combine  with 
the  mercuric  sulphide,  and  form  the  double  salt,  which  without  it  would 
be  required  to  hold  the  double  salt  in  solution  and  hence  lessen  the  amount 
of  sodium  sulphide  required  ;  (3)  it  stabilizes  the  solution,  and  renders  it 
less  liable  to  oxidation. 

To  return  now  to  the  process.  There  is  no  difficulty  in  dissolving  the 
cinnabar  in  the  solution  recommended — 4  per  cent.  Na2S,  1  per  cent.  NaOH 
— and  the  maximum  amount  of  mercuric  sulphide  which  can  be  dissolved 
is  approximately  5  per  cent,  of  the  weight  of  the  solution  taken.  In 
practice,  however,  50  lb.  of  solution  to  1  lb.  sulphide  would  be  advisable. 
To  recover  the  mercury,  Thornhill  used  scrap  aluminium,  sodium  sulphide 
being  formed,  and  alumina  precipitated  along  with  the  mercury,  at  the 
expense  of  the  caustic  soda  present.  Theoretically  1  lb.  aluminium  would 
precipitate  11*1  lb.  mercury.  The  efficiency  of  this  method  was  not 
investigated,  owing  to  the  price  of  aluminium.  An  alternative  method 
devised  was  to  subject  the  solution  to  electrolysis,  using  a  mercury  kathode, 
and  an  anode  of  gas-carbon  or  graphite.  If  the  voltage  is  kept  below  3, 
and  the  current-density  less  than  0-05  ampere  per  square  centimetre,  the 
mercury  in  solution  is  deposited  in  the  kathode  and  the  equivalent  amount 
of  sulphur  liberated  at  the  anode  with  practically  no  decomposition  of  the 
sodium  salts.  The  recovery  of  the  mercury  is  complete,  and  the  solution 
can  be  used  again  for  treatment  of  concentrates. 

Cost  of  Process. 

The  suggested  process  consists  of  three  principal  operations — crushing 
and  oil  concentration,  solution  of  the  concentrates,  and  precipitation  of 
the  mercury. 

Crushing  and  Concentration. — The  ore  is  soft,  and  would  be  readily 
ground  in  a  Marcy  mill  to  pass  100-mesh,  especially  if  used  in  conjunction 
with  a  Dorr  classifier,  to  return  coarse  particles  to  the  mill.  The  cost 
of  crushing  54  tons  per  day  from  rock-breaker  size  to  pass  100-mesh  is 
quoted  in  Mineral  Industry,  vol.  27,  p.  791,  as  19-78  cents  per  ton  at 
the  Elko  Prince  Mill,  including  repairs.  I  would  not,  however,  estimate 
it  at  less  than  10s.  per  ton  under  local  conditions  and  at  the  present  time. 

Oil  Flotation. — For  this  part  of  the  process  oil-flotation  cells  and  plant 
for  dewatering  and  partly  drying  the  concentrate  would  be  required. 
Costs  at  Arizona  Smelting  Company  are  given  as  slightly  over  1  dollar  per 
ton,  including  flotation  royalty  (Megraw,  The  Flotation  Process,  p.  228). 
I  consider  that  15s.  per  ton  would  be  a  fairer  estimate  locally.  This 
would  make  £1  5s.  per  ton  for  crushing  and  concentration. 

Solution  of  the  Concentrates. — This  would  require  solution-vat,  agitation- 
vat,  leaching-vat,  sumps  for  solution,  and  pumps,  &c.,  but  would  present 
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no  insuperable  difficulty  to  any  one  familiar  with  the  cyanide  process. 
Sodium  hydrate  (caustic  soda),  76  per  cent.,  is  quoted  in  the  Mining 
Magazine,  October,  1920,  at  £32  per  ton,  and  sodium  sulphide  £46  per 
ton.  The  sulphide  is  probably  commercial  sulphide,  containing  about 
56  per  cent,  anhydrous  sulphide.  The  above  prices  are  therefore  equivalent 
to  caustic  soda,  100  per  cent.,  £42  per  ton  ;  sodium  sulphide,  100  per  cent., 
£82  per  ton.  The  quantity  of  solution  recommended  is  50  lb.  for  every 
pound  of  mercuric  sulphide,  or,  say,  to  every  pound  of  mercury  recovered. 
100  lb.  mercury  would  therefore  require  5,000  lb.  solution,  containing 
2001b.  sodium  sulphide,  £7  10s.;  50  ib.  caustic  soda,  £1:  total,  £8  10s. 
The  solution  could  be  used  repeatedly,  but  allowing  10  per  cent.,  which 
appears  reasonable,  for  loss  in  tailings  and  for  decrease  in  strength  by 
oxidation,  the  cost  of  chemicals  for  every  100  lb.  of  mercury  recovered 
would  be  one-tenth  of  this  amount — 47s.;  or  a  fraction  over  2d.  per  pound. 
On  a  ton  of  ore  assaying  0-75  per  cent,  mercury  this  would  be  3s.  Other 
costs  would  bring  the  amount  up  to  at  least  10s. 

Electrolytic  Precipitation. — With  a  voltage  of  2*5  and  a  current-density 
of  0-05  amperes  per  square  centimetre  the  precipitation  of  the  mercury 
is  practically  complete.  This  means  that  each  pound  of  mercury  precipi 
tated  per  hour  would  require  3  square  feet  of  electrode  surface,  and  would 
consume  0-3  kilowatt  of  power.  The  cost  of  this,  assuming  30  per  cent, 
efficiency,  would  not  exceed  0*3d.  The  electrode  surface  may  be  reduced 
to  1  square  foot  per  pound  of  mercury  recovered  by  employing  a  stronger 
current,  but  the  precipitation  is  not  so  complete.  As  the  same  solution 
would  be  used  repeatedly,  the  mercury  would,  however,  be  ultimately  all 
recovered. 

The  estimate  of  cost  is  little  more  than  a  guess,  and  the  total,  working 
on  a  moderate  scale  and  exclusive  of  mining  costs,  would  be  from  £2  to 
£2  5s.  per  ton  of  ore  treated,  or  2s.  9d.  to  3s.  per  pound  of  mercury 
recovered  from  an  ore  assaying  0-75  per  cent,  mercury.  The  costs  in 
California  in  1917  were  approximately  3s.  6d.  per  pound  of  mercury 
recovered,  including  development  and  amortization.  The  ore  averaged 
0-38  per  cent,  mercury,  and  w'as  treated  by  furnace  methods;  In  Texas 
the  costs  were  lower,  as  the  ore  treated  assayed  1-43  per  cent,  mercury 
(Mineral  Industry ,  vol.  27,  p.  632). 

With  furnace  treatment  crushing  of  the  ore  is  eliminated,  and  the 
mercury  is  recovered  directly  in  a  single  operation.  A  modern  furnace  of 
the  Scott  type  is  provided  with  ample  condensation  pipes  and  chambers, 
and  is,  I  understand,  very  efficient.  Another  type  of  furnace  coming  into 
use  is  the  rotary  cement  clinker  furnace.  In  this  there  would  be  no 
difficulty  with  fine  material. 

The  data  obtained  will  enable  a  comparison  of  the  furnace  and  solution 
processes  to  be  made,  and  local  conditions  may  render  the  adoption  of 
the  sodium-sulphide  extraction  advisable.  In  such  a  case  the  electrolytic 
precipitation  would  require  to  be  developed  from  a  laboratory  process  up 
to  one  capable  of  being  used  on  a  commercial  scale. 

The  experimental  work  done  shows— 

(1.)  That  oil  concentration  can  be  successfully  applied  to  Puhipuhi 
cinnabar-ore  : 

(2.)  That  the  Thornhill  process  can  be  used  for  treating  the  concen¬ 
trates  : 

(3.)  That  electrolytic  precipitation  could  probably  be  applied  to  recover 
the  mercury  : 

(4.)  That,  provided  mining  costs  are  not  excessive,  the  cost  of  the 
process  should  leave  some  margin  of  profit. 
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ASTRONOMICAL  NOTES. 

The  Spiral  Nebulae. 

By  A.  C.  Gifford. 

In  his  monograph  on  Stellar  Movements  and  the  Structure  of  the  Universe, 
page  244,  Professor  A.  S.  Eddington  says  : — 

“  The  two  arms  of  the  spiral  have  an  interesting  meaning  for  us  in 
connection  with  stellar  movements.  The  form  of  the  arms — a  logarithmic 
spiral — has  not  as  yet  given  any  clue  to  the  dynamics  of  spiral  nebulae.  But, 
though  we  do  not  understand  the  cause,-  we  see  that  there  is  a  widespread 
law  compelling  matter  to  flow  in  these  forms.  It  is  clear,  too,  that  either 
matter  is  flowing  into  the  nucleus  from  the  spiral  branches  or  it  is  flowing  out 
from  the  nucleus  into  the  branches.  It  does  not  at  present  concern  us  in 
winch  direction  the  evolution  is  proceeding.  In  either  case  we  have  currents 
of  matter  in  opposite  directions  at  the  points  where  the  arms  merge  in  the 
central  aggregation.  These  currents  must  continue  through  the  centre, 
for,  as  will  be  shown  in  the  next  chapter,  the  stars  will  not  interfere  with 
one  another’s  paths.  Here,  then,  we  have  an  explanation  of  the  prevalence 
of  motions  to  and  fro  in  a  particular  straight  line  ;  it  is  the  line  from  which 
the  spiral  branches  start  out.  The  two  star  streams  and  the  double- 
branched  spirals  arise  from  the  same  cause.” 

The  difficulty  which  Eddington  feels  in  explaining  the  spiral  form 
appears  to  be  due  to  the  two  assumptions  which  he  makes  in  the  above 
statement  of  the  case.  The  first  of  these  is  that  the  motion  of  the  stars 
composing  the  nebula  is  along  the  spiral  arms  in  one  direction  or  the 
other  ;  the  second  that  the  line  of  relative  motion  of  the  two  streams 
through  the  nucleus  is  the  line  from  which  the  spiral  branches  start.  The 
truth  of  the  first  of  these  assumptions  is  extremely  unlikely,  as  it  would 
require  the  action  of  a  different  law  of  force,  the  inverse-cube  law  ;  and 
the  assumption  is  unnecessary,  as  the  spiral  form  can  be  more  simply 
explained  in  terms  of  gravitation  alone.  If  the  explanation  here  suggested 
is  accepted  we  shall  find  that  the  motion  of  the  individual  stars,  instead 
of  being  along  the  spiral  arms,  is  initially  approximately  perpendicular 
to  them,  and  that  the  line  of  relative  motion  within  the  nucleus  is  initially 
at  right  angles  to  the  line  joining  the  points  from  which  the  spiral  branches 
start. 

The  suggested  explanation  is  that  the  spirals  owe  their  form  as  well 
as  their  visibility  to  the  encounter  and  interpenetration  of  cosmic  systems, 
and  the  persistence  of  angular  momentum  in  the  resulting  system,  in  virtue 
of  which  the  outer  stars  apparently  lag  behind  whilst  the  inner  ones  forge 
ahead. 

The  evidence  afforded  by  recent  observations  tends  to  prove  more 
and  more  completely  that  the  spiral  nebulae  are  distant  cosmic  systems  far 
beyond  the  Milky  Way,  and  that  the  latter  is  itself  just  that  particular 
spiral  in  which  our  solar  system  is  situated.  The  reasoning  leading  to  this 
conclusion  is  admirably  summed  up  by  H.  D.  Curtis  in  his  lecture  on  the 
nebulae  ( Adolfo  Stahl  Lectures),  p.  108,  and  further  evidence  is  given  in 
the  Lick  Observatory  Bulletins,  Nos.  297  and  300. 
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Professor  A.  S.  Eddington,  in  the  monograph  already  referred  to,  proves 
conclusively  that  the  stars  we  see,  and  those  which  are  included  in  star- 
catalogues,  are  not  by  any  means  a  representative  sample  of  the  stars 
of  our  cosmic  system.  Stars  force  themselves  on  our  attention  when 
they  are  in  that  particular  stage  in  their  life-history  in  which  their 
intrinsic  luminosity  is  greatest.  Similarly,  it  is  probable  that  distant 
systems,  such  as  the  spirals,  are  seen  only  when  their  luminosity  is  near 
its  maximum. 


The  exciting  cause  of  the  luminosity  of  stars,  which  gives  them 
visibility  for  some  hundreds  of  millions  of  years,  appears  to  be  the  encounter 
of  one  star  with  another.  Similarly,  the  origin  of  the  light  of  a  spiral  nebula 
must  be  sought  in  the  interpenetration  of  two  cosmic  systems.  Such  an 
encounter  will  give  a  luminosity  which  may  persist  for  hundreds  of 
thousands  of  millions  of  years,  and  must  at  the  same  time  lead  inevitably 
to  the  distribution  of  the  material  in  the  double  spiral  form.  The  details 
of  structure  resulting  from  such  a  union  depend  on  the  masses  and 
dimensions  of  the  original  systems,  on  the  distribution  of  density  within 
each,  on  the  extent  of  the  interpenetration,  and  on  the  relative  component 
of  the  original  proper  motions  of  the  two  systems. 
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Page  137,  2nd  line  from  bottom  :  For  A,  B,  C,  D  read  D,  C,  B,  A. 

Page  138,  2nd  line  from  top  :  For  A  read  D. 

„  3rd  line  from  top  :  For  B,  0,  D  read  C,  B,  A. 

„  4th  line  from  top :  For  B'.  O',  D'  read  C',  B',  A'. 


1921.] 


Astronomical  Notes. 


137 


To  fix  ideas  let  us  consider  approximately  spherical  systems  each 
10,000  light-years  in  diameter  and  having  each  a  mass  100  million  times 
that  of  the  sun.  Their  encounter  begins  with  a  relative  velocity  of  over 
100  miles  per  second,  which  rises  to  over  140  miles  per  second  if  the 
centres  approach  within  10,000  light-years  of  one  another.  If  fusion  of  the 
two  systems  does  not  ensue  the  encounter  will  be  over  in  about  360  million 
years.  If  only  the  outskirts  pass  through  one  another  the  two  main 
systems  may  pass  on,  leaving  a  globular  cluster  formed  of  the  colliding 
stars.  But  if  the  collisions  due  to  the  interpenetration  are  sufficiently 
numerous  the  effect  may  be  to  wed  the  two  systems  into  one. 


In  every  case,  however,  the  destruction  of  momentum  due  to  the  collisions 
must  (by  diminishing  the  rate  of  separation)  increase  the  gravitational 
pull  on  the  outer  portions  of  the  systems,  and  diminish  the  eccentricity 
of  the  orbits  of  the  stars  round  the  centre  of  the  combined  system.  The 
orbits  of  particular  stars  in  various  parts  depend  on  the  distribution 
of  density  within  the  united  mass.  We  may  take  as  extreme  cases  that, 
on  the  one  hand,  in  which  the  concentration  is  so  great  centrally  that  the 
mass  beyond  a  certain  distance  is  negligible,  and  that,  on  the  other  hand, 
in  which  the  density  of  the  combined  system  is  approximately  uniform. 

Fig.  1  shows  the  form  of  the  resulting  spiral  in  an  intermediate 
imaginary  case  in  which  the  mass  within  any  distance  from  the  centre  is 
proportional  to  that  distance.  In  this  case  the  orbits  have  the  same 
eccentricity.  Consider  four  stars,  A,  B,  C,  D,  which  have  reached 
simultaneously  positions  whose  distances  from  the  centre  O  are  as 
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1  :  2  :  4  :  8.  Let  us  suppose  that  their  velocity,  which  is  approximately 
the  same  for  all,  is  sufficient  for  circular  motion.  Then,  when  A  has 
completed  one  revolution,  B,  C,  D  will  have  reached  the  positions 
B',  O',  D'.  Similarly,  the  stars  E,  F,  G,  H  will  have  reached  the  positions 
E',  F',  G',  H',  and  the  stars  that  were  in  line  will  be  spread  along  two 
spiral  branches. 

It  is  clear  that  whilst  the  encounter  is  in  progress  the  line  of  relative 
streaming  through  the  nucleus  is  at  right  angles  to  the  line  DH’. 


Fig.  2  shows  the  influence  of  time  on  the  spiral  form.  The  dotted  curve 
represents  the  same  mateiial  as  the  continuous  line,  but  at  the  epoch  in  which 
twice  the  interval  has  elapsed  since  the  encounter.  Thus  the  number  of 
complete  turns  in  a  single  branch  gives  a  clue  to  the  age  of  the  spiral. 

Fig.  3  shows  the  form  of  the  arms  in  the  case  in  which  the  central 
condensation  is  so  great  that  the  mass  outside  the  nucleus  is  negligible 
in  comparison  with  that  within  it.  The  orbits  of  the  stars  range  from 
ellipses  to  hyperbolae,  but  the  spiral  arms  pass  through  approximately 
the  same  succession  of  forms. 

Thus  the  spiral  nebulae  appear  to  be  the  natural  result  of  the  inter¬ 
penetration  of  cosmic  systems.  The  stars  composing  them  do  not  appear 
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to  be  streaming  along  the  spiral  arms  either  inwards  or  outwards.  The 
coiling  results  from  the  persistence  of  angular  momentum.  The  outer 
stars  lag  behind  ;  the  inner  ones  forge  ahead.  Thus  the  development  of 
a  spiral  form  is  inevitable.  To  give  a  homely  illustration,  if  an  extended 
line  of  soldiers  were  to  wheel  about  a  point  in  the  centre  of  their  line,  each 
soldier  moving  in  his  own  circle  concentric  with  that  point  with  a  velocity 
common  to  all,  the  formation  would  soon  become  a  double  spiral. 

The  question  may  arise  why  all  the  distant  nebulae  are  exclusively  of 
this  type.  Is  every  nebula  the  result  of  an  encounter  ?  The  answer  is 
that  we  see  those  only  that  are  rendered  luminous  by  such  interpenetration. 
We  never  see  the  ones  that  are  going  into  action,  because  visibility  is  one 
of  the  effects  of  the  conflict.  Nor  can  we  ever  hope  to  see  the  outburst 
of  a  new  spiral  as  we  see  the  outburst  of  a  nova,  for  the  simple  reason  that 
while  the  encounter  of  two  sunlike  stars  takes  about  three-quarters  of  an 
hour,  that  of  two  cosmic  systems  takes  hundreds  or  thousands  of  millions 
of  years. 

After  untold  ages  of  evolution  the  greater  proportion  of  even  the 
invisible  nebulae  must  now  be  spiral,  for  whatever  the  original  nature  of 
cosmic  systems  may  be  the  interpenetration  of  one  with  another  impresses 
on  the  united  mass  the  double-spiral  form.  The  visible  nebulae  owe  their 
wonderful  diversity  to  the  peculiarities  of  the  encountering  systems.  But 
through  all  their  endless  variety  one  characteristic  persists  and  is  recognized 
universally. 

The  hall-mark  of  its  birth,  the  double-spiral  form,  proclaims  eternally 
that  the  nebula  sprang  from  a  celestial  encounter  involving  not  single  stars 
but  vast  cosmic  systems. 


NATURAL-HISTORY  NOTES. 

The  Short-tailed  Bat  ( Mystacops  tuberculatus  Gray),  by  J.  G.  Myers, 
F.E.S. 

In  January  last  Mr.  P.  M.  Brooker  caught  a  specimen  of  this  rare  bat 
in  the  bush  on  the  western  slopes  of  the  Tararua  Range.  It  entered  the 
hut  apparently  attracted  by  candle-light.  Although  the  party  was  camped 
in  the  neighbourhood  for  some  weeks  this  was  the  only  example  seen. 

Both  of  the  native  bats  are  now  rare  ;  but,  although  the  long-tailed 
species  ( Ghalinolobus  mono  Gray)  has  at  times  occurred  in  considerable 
numbers,  the  species  under  consideration  has  been  extremely  rare  as  far 
back  as  our  records  go.  Hutton  and  Drummond  gave  the  latest  record  of 
its  occurrence  as  1871,  and  venture  the  opinion  that  it  might  possibly 
be  then  (1905)  extinct.  Of  the  two  stuffed  specimens  in  the  Dominion 
Museum  the  most  recent  was  acquired  some  forty  years  ago.  The  reap¬ 
pearance,  therefore,  of  the  species  after  so  considerable  a  lapse  of  time  is 
of  great  biological  interest  ;  and  this  on  account  not  only  of  its  rarity  and 
of  the  interest  attaching  to  the  single  species  of  a  precinctive  genus,  but 
also  of  certain  points  in  its  structure  which  render  it  unique.  Dobson 
{Catalogue  of  Chiroptera  in  the  British  Museum)  pointed  out  nearly  fifty 
years  ago  the  probability  that  the  very  thorough  and  striking  manner  in 
which  the  thinner  membrane  of  the  wings  is  protected  when  at  rest,  and 
the  denticles  at  the  bases  of  the  extremely  sharp  pollical  and  pedal  claws, 
are  adaptations  to  a  more  or  less  arboreal  life.  He  suggested  that  a 
study  of  its  bionomics  should  be  undertaken  to  ascertain  in  the  light  of  this 
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hypothesis  whether  its  existence  were  less  completely  aerial  than  that  oi 
other  bats.  Up  to  the  present,  however,  its  rarity  has  prevented  any 
life-history  studies,  and  this  interesting  speculation  remains  still  only  a 
probability.  It  is  of  great  importance  that  an  attempt  should  be  made 
to  keep  alive  any  future  specimens  which  may  come  to  light. 


Examples  of  the  short-tailed  bat  so  far  recorded  have  been  taken  in 
widely  separated  localities,  and  indicate  a  distribution  throughout  both 
Islands.  There  is  no  reason  to  believe  that  it  congregates  in  large  colonies 
after  the  manner  of  the  long-tailed  species. 

The  photographs  (fig.  1),  very  kindly  taken  by  Mr.  E.  B.  Levy,  are 
believed  to  be  the  first  good  illustrations  to  be  published  of  this  extremelv 


Fig.  1. — The  short-tailed  bat  ( Mystacops  tuberculatus  Gray). 
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interesting  animal.  Considerable  difficulty  was  experienced  in  extending 
the  membranes,  and  it  should  be  noticed  that,  as  a  result,  the  inter-femoral 
membrane,  which  is  capable  of  extension  well 
beyond  the  tail,  in  the  photographs  remains 
folded.  The  long  and  narrow  tragus  of  the 
ear,  the  free  tail,  the  tuberculate  snout,  sharp 
claws,  and  other  characteristic  features  are 
well  exhibited. 

The  sketch  (fig.  2)  indicates  a  feature  which 
renders  this  bat  unique — namely,  the  smooth 
surface  of  the  hairs  which  compose  its  fur. 

Bats  as  an  order  are  characterized  by  the 
striking  prominence  of  the  hair-scales,  which 
in  this  species  are  but  faintly  indicated,  at 
least  in  the  long  hairs. 

O 

Occurrence  of  a  Rare  Tineoid  Moth  ( Titanomis  sisyrota  Meyr„),  by 

H.  Hamilton,  Dominion  Museum. 

Of  interest  to  entomologists  generally  is  the  recent  capture  of  a  fine 
specimen  of  Titanomis  sisyrota  Meyr.  Considering  the  rarity  and  unique 
characters  of  this  giant  tineoid  moth  a  few  historical  notes  will  not  be  out 
of  place.  Mr.  G-.  Y.  Hudson,  of  Karori,  Wellington,  has,  with  his  usual 
kindness,  put  me  in  possession  of  the  following  notes  : — 

(1.)  The  first  capture  was  made  by  the  late  R.  Helms  in  1874 — pre¬ 
sumably  on  the  West  Coast — but  the  moth  was  not  then  described. 

(2.)  Mr.  Hudson  has  in  his  collection  a  specimen  taken  in  the  Nelson 
District  in  the  “  seventies,”  but  no  other  particulars  are  available. 

(3.)  In  the  Buller  collection  of  Lepidoptera  in  the  Dominion  Museum 
there  is  a  damaged  specimen,  but  with  no  accompanying  record.  It  is 
probable,  however,  that  this  specimen  was  from  the  Nelson  District. 

(4.)  In  February,  1882,  a  Miss  Collins  was  fortunate  enough  to  secure 
another  example  in  the  drawing-room  of  a  residence  at  Wakapuaka,  Nelson. 
This  specimen  was  secured  bv  Mr.  Hudson,  who  sent  it  to  Mr.  Stainton, 
in  England,  for  description.  Eventually,  however,  Mr.  Meyrick  described 
the  moth  in  the  Transactions  of  the  New  Zealand  Institute  for  1887,  and  thus 
the  type  was  created 

(5.)  The  next  occurrence  was  in  March,  1886.  when  Mr.  Clement  W.  Lee 
found  a  specimen  at  Otaki.  This  is  now  in  Mr.  Hudson’s  collection. 

(6.)  Mr.  Hudson  has  further  record  of  a  broken  dead  specimen  being 
tak<m  at  Haldane,  in  Southland,  in  1900. 

After  an  interval  of  at  least  twenty  years,  during  which  it  was  generally 
thought  that  this  moth  must  be  extinct,  it  is  gratifying  to  record  a  reap¬ 
pearance.  During  a  collecting  trip  to  Rangataua,  on  the  Main  Trunk  line, 
in  January  of  this  year,  my  wife  and  I  were  enjoying  the  hospitality  of 
Mr.  and  Mrs.  Larkin  at  their  residence.  The  night  being  warm  the  drawing¬ 
room  windows  were  open,  and  consequently  many  Prinoplus  reticularis  beetles 
were  annoying  the  ladies.  Mrs.  Hamilton  struck  down  what  she  thought  to 
be  a  beetle,  but,  seeing  that  the  visitor  was  a  moth,  promptly  acted  on  the 
collector’s  instinct  and  secured  it  in  a  match-box.  Thus  was  a  fine  female 
specimen  of  Titanomis  sisyrota  secured  under  peculiar  circumstances. 

Rangataua  is  situated  between  the  boundaries  of  the  beech  forests  that 
fringe  Mount  Ruapehu  and  the  outlying  rimu-kahikatea-maire  belt.  It 
would  be  hard,  therefore,  to  localize  this  moth  to  any  definite  plant- 
association,  but  the  occurrence  of  beech  forests  in  all  localities  where  it 
has  been  found  is  significant. 

Strangely  enough,  all  recorded  specimens  have  been  females,  and  so 
entomologists  should  strive  to  secure  the  unknown  male. 


Fig.  2. — A,  short  hair  (fur)  ; 
B,  long  hair.  Both  highly 
magnified. 
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REVIEWS  fAND  ABSTRACTS. 

Die  Geologie  von  Neuseeland,  by  0.  Wilckens.  Geol.  Rundschau ,  Bd.  viii. 
Heft  3-4,  1917. 

This  paper  contains  a  review  of  Park’s  Geology  of  New  Zealand ,  1910  ; 
of  Marshall’s  “  New  Zealand  and  Adjacent  Islands  ”  ( Handbuch  der  regionalen 
Geologie),  1911  ;  and  of  Marshall’s  Geology  of  New  Zealand,  1912.  Then 
follow  observations  on  the  structure  of  the  main  mountain-ranges  of  this 
country  as  interpreted  by  various  authors. 

Noteworthy  among  the  criticisms  of  Park’s  work  are  :  (1.)  The  sudden 
termination  of  the  Kakanui  zone  north  of  Lake  Wanaka,  in  a  line  directly 
across  the  strike,  and  its  substitution  by  Mesozoic  beds.  (2.)  The  classi¬ 
fication  of  the  sandstone  and  greywacke  of  the  Ruahine  Chain  in  the  Jurassic 
because  of  Terehellina  McKayi  (Bather) :  “  We  would  rather,  with  Jaworsky, 
put  it  in  the  Trias.”  (3.)  The  use  of  Te  Anau  as  a  series-name  in  the 
Te  Anau  system. 

In  the  case  of  Marshall’s  works,  exception  is  taken  to  the  placing  of  the 
Schist,  the  Trias,  and  the  Jura  under  one  system  in  the  text,  while  on  the 
map  they  are  shown  separately.  With  regard  to  the  Oamaru  system, 
“  New  Zealand  geologists  often  stress  the  impossibility  of  confining  the 
geological  formations  of  their  country  to  the  stratigraphical  scheme  of  Europe. 
To  this  one  may  agree  in  so  far  as  it  does  not  involve  the  renunciation 
of  the  correlation  of  New  Zealand  rock  successions  with  the  international 
scheme,  which  is  absolutely  necessary  if  we  would  gain  a  clear  idea  of  the 
geological  history  of  New  Zealand,  bound  up  as  it  is  with  that  of  the  rest 
of  the  world,  and  especially  with  that  of  the  West  Pacific.  Hence  it  is 
not  permissible  that  Upper  Cretaceous  and  Tertiary  should  be  united  in 
a  single  Oamaru  system,  as  is  done  by  Marshall.  It  is  affirmed  that  the 
Waipara  and  Oamaru  beds  are  fully  concordant ;  but  if  a  dislocation  dis¬ 
cordance  is  not  present,  still  there  occur  in  the  former  typical  Mesozoic  and 
in  the  latter  typical  Tertiary  fossils.  For  this  reason  both  series  ought  not 
to  be  united  :  the  one  is  Upper  Cretaceous  and  the  other  Older  Tertiary. 
.  .  .  A  similar  occurrence  is  the  overlying  of  Senonian  by  Tertiary 

greensand  without  demonstrable  discordance  at  Algarrobo,  on  the  Chilian 
coast,  which  is  elucidated  bv  Briiggen.  The  want  of  a  clear  discordance 
is  immaterial  :  the  fossil  content  decides.” 

The  following  points  of  disagreement  between  the  two  authors  are 
noted  :  (1)  In  table  of  classifications — e.g.,  the  position  of  the  Maitai  series, 
the  limits  of  the  Manapouri  system,  &c.  ;  (2)  the  extension  of  the  Trias 
in  the  Ruahines  and  Coromandel ;  (3)  the  extension  of  the  volcanic  rocks 
at  Mount  Egmont  ;  (4)  the  extension  of  the  eruptives  in  Auckland  Pen¬ 
insula  and  west  of  Oamaru  ;  (5)  the  northerly  extension  of  the  Schist  zone 
of  the  South  Island  ;  (6)  the  extension  of  the  glaciation  ;  (7)  the  age  of  the 
younger  sedimentaries  south  of  Tasman  Bay  ;  (8)  the  age  of  the  gneiss  of 
WestaOtago  and  its  relation  to  the  mountain-building. 

A  comparison  of  the  Southern  Alps  with  the  European  Alps  is  outlined. 
Both  have  an  S-shaped  form  ;  the  south-western  part  of  the  Southern  Alps 
describes  a  sharp  bend,  as  in  the  western  Alps  ;  in  the  north  of  the  South 
Island  the  Palaeozoic  folded  mass  of  the  Tasman  Mountains  is  stretched 
out  in  front  of  the  folded  range  as  the  Bohemian  mass  of  the  Eastern  Alps. 
In  the  North  Island  there  is  a  virgation  like  that  at  the  east  end  of  the  Alps. 
The  overthrust  of  the  Tertiary  beds  by  Trias  in  Nelson  is  comparable  with 
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the  overthrust  of  the  Harz,  while  the  relative  proportions  of  both  ranges 
are  approximately  the  same. 

As  regards  the  direction  of  the  folding  force,  44  Marshall  and  Morgan 
express  themselves  clearly  for  a  thrust  from  the  east  ;  Suess  assumes 
that  the  compression  came  from  the  west ;  Park’s  representation  can  be 
explained  in  different  senses.”  The  general  trend  of  the  argument  seems 
to  favour  pressure  from  the  east,  that  side  being  therefore  the  inner  side, 
to  the  fracture  and  depression  of  which  the  eruptive  masses  of  Banks  and 
Otago  Peninsulas  owe  their  origin.  Great  fractures  are  also  assumed  for 
the  outside,  so  that  much  of  the  folded  mountains  should  lie  under  the 
Tasman  Sea.  On  the  other  hand,  the  western  dip  of  the  dislocation-planes 
of  the  Moonlight  and  Kaikoura  overthrusts  does  not  agree  well  with  the 
supposition  that  the  inner  side  of  the  mountains  lies  in  the  east.  These 
overthrusts  show  that  strong  mountain-building  movements  occurred  during 
the  younger  Tertiary. 

New  Zealand  can  perhaps  be  classed  as  a  region  of  Mesozoic  geosynclines 
and  of  Tertiary  mountain-chains.  The  strong  folding  in  the  Tertiary  of 
the  Puketoi  Hills  mentioned  by  Marshall  is  perhaps  of  importance  for  fixing 
the  time  of  the  mountain-building.  J.  M. 

Fuel  for  Motor  Transport.  —  An  interim  memorandum  by  the  Fuel 

Research  Board,  Department  of  Scientific  and  Industrial  Research, 

London,  July,  1920. 

The  threatened  shortage  of  motor-fuel  oil  is  forcing  this  question  into 
prominence,  and  the  Fuel  Research  Board  of  Great  Britain  is  dealing  with 
the  question.  This  memorandum  discusses  the  question  of  power-alcohol, 
and  points  out  that  on  a  very  large  scale  it  can  only  be  made  by  diverting 
foodstuffs  or  land  suitable  for  the  growth  of  foodstuffs,  and  that  it  will  be 
better,  therefore,  to  develop  the  recovery  of  motor-fuel  oils  from  coal  to 
its  utmost  limit  before  seeking  to  substitute  power-alcohol.  The  position 
is  summarized  in  the  report  as  follows 

(1.)  Coal  is  the  largest  as  well  as  the  cheapest  source  of  fuels  for 
transport  purposes. 

(2.)  Means  are  already  in  our  hands  for  the  44  sorting-out  ”  of  the 
potential  energy  of  coal  into  forms  of  different  availability  and  of  different 
commercial  value. 

(3.)  The  more  volatile  forms  like  benzol  and  light  naphtha  are  so  rela¬ 
tively  costly  that  they  ought  only  to  be  used  for  air  transport,  or  for  the 
lighter  and  swifter  forms  of  road  transport.  Their  use  for  the  heavier 
forms  of  transport  is  wasteful  and  unnecessary. 

(4.)  Town  gas  and  coke-oven  gas  are  available  in  large  quantities  in 
most  parts  of  the  country,  and  might  be  extensively  used  in  omnibuses 
and  passenger-cars  for  quick  traffic,  if  light  and  yet  safe  containers  could 
be  constructed,  and  if  stations  were  established  on  the  principal  routes  at 
which  the  containers  could  be  quickly  and  easily  replenished.  If  carbon¬ 
ization  of  coal  at  temperatures  about  600°  C.  becomes  common,  gas  of  twice 
the  calorific  value  of  town  gas  would  be  available  for  this  purpose,  so  that 
twice  the  thermal  units  could  be  carried  in  the  same  containers. 

(5.)  The  coke  produced  by  the  carbonization  of  coal  at  600°  C.  is  a 
tarless,  smokeless  fuel,  easily  lighted  and  easily  kept  alight,  and  would  be 
admirably  adapted  for  use  in  suction-gas  producers  and  engines.  The  cost 
of  the  thermal  units  produced  in  this  way  would  not  exceed  3s.  per  million, 
or  one-seventh  of  the  cost  of  petrol  units  with  petrol  at  3s.  per  gallon. 

L.  B. 


144 


The  N.Z.  Journal  of  Science  and  Technology.  [June 


CORRESPONDENCE. 

The  “New"  Coastal  Mosquito. 

Sir, — With  regard  to  correspondence  concerning  the  above  subject  in 
your  last  number,  I  wish  to  express  my  thanks  to  Mr.  G.  V.  Hudson  for 
pointing  out  the  probable  synonymy  of  this  species  with  one  described  by 
Hutton  as  Opifex  fuscus .  This  synonymy  has  since  been  confirmed  by 
Mr.  Edwards,  of  the  British  Museum,  who  was  able  to  compare  the 
types. ' 

It  is  worthy  of  note  that  not  only  is  Hutton’s  description  of  0.  fuscus 
totally  inadequate,  but  it  also  contains  several  inaccuracies,  and  is  placed 
in  a  family,  the  Tipulidae,  with  which  it  has  no  connection.  Consequently 
any  attempt  to  correlate  the  littoral  mosquito  with  this  description  would 
have  been,  in  the  absence  of  Hutton’s  types  or  cotypes,  to  say  the  least, 
extremely  rash. 

In  conclusion,  I  should  like  to  point  out  that,  at  a  meeting  of  the 
Natural  History  Section  of  the  Wellington  Philosophical  Society  held  on 
the  6th  July,  1920.  in  Mr.  Hudson’s  presence,  I  gave  an  illustrated 
account  of  the  adult  and  pre-adult  stages  of  this  mosquito. 

David  Miller. 


Sir, — Mr.  G.  V.  Hudson’s  interesting  note,  published  in  the  April  number 
of  this  Journal ,  on  the  possibility  of  the  species  recently  described  by 
Mr.  Miller,  Government  Entomologist,  proving  identical  with  Opifex  fuscus 
Hutton  has  induced  me  to  record  the  occurrence  of  the  latter  species  in  the 
Taranaki  District.  I  have  not  read  Mr.  Miller’s  report  on  the  mosquitoes 
of  New  Zealand  recently  submitted  to  the  Government,  nor  the  description 
of  his  new  species,  which  may  or  may  not  prove  to  be  Opifex  fuscus. 
Three  years  and  a  half  ago  I  made  a  collection  of  the  mosquitoes  occurring 
in  this  district.  In  a  letter  to  Mr.  Miller  three  years  ago  I  mentioned  that 
I  thought  I  had  collected  two  new  species  or  forms  during  that  summer. 
On  comparing  Hutton’s  description  of  Opifex  fuscus  with  my  specimens 
they  unquestionably  belong  to  this  species.  I  sent  a  specimen  of  the  second 
form  to  the  Dominion  Museum  for  identification.  It  proved  to  be  a  large 
but  much  darker  form  of  Culex  pervigilans  Bergroth.  Opifex  fuscus  is  a 
sun-loving  mosquito  with  a  slightly  longer  proboscis  than  either  of  the 
two  endemic  species  of  Culex.  It  is,  as  Mr.  Hudson  states,  extremely  active 
in  its  habits,  and  is  very  difficult  to  net.  When  resting  in  the  sunshine  it 
displays  a  reddish  sheen  which  distinguishes  it  from  other  species  of  native 
mosquitoes.  Opifex  fuscus  may  be  collected  in  the  straggling  remnant  of 
bush  at  Barrett’s  Lagoon  (Rotokare),  near  New  Plymouth,  during  the 
summer  months.  yy  yy  Smith. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  I  Os. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper.  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
Part  I.  By  Thomas  Mackay.  Numerous  Plates.  5s. 

MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Professor  Hutton.  Royal  8vo.  3s. 
MANUAL  OF  NEW  ZEALAND  MOLLUSCA.  By  Henry  Suter.  Cloth  boards,  10s. 

MILITARY  PHYSICAL  ORTHOPAEDICS.  Part  I.  Gunshot  Wound  of  Nerve.  By 
Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 
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MAORI  STRING  -  GAMES. 

Second  Series. 

By  Johannes  C.  Andersen. 

With  Illustrations  by  J.  McDonald. 

Since  publication  of  the  figures  in  vol.  3  of  the  Journal  a  considerable 
amount  of  new  material  has  been  obtained,  chiefly  at  Rotorua,  including 
Whakarewarewa  and  Ohinemutu,  in  1920,  and  at  Koriniti,  Hiruharama, 
and  Pipiriki,  on  the  Wanganui  River,  in  1921. 

Ikiiki. 

(From  H.  Ruru,  a  Ngati-Porou  man,  Gisborne.) 

\ 

Synonym  :  Te  ikiiki  atea  (Mrs.  Gordon,  an  Arawa  woman,  Ohinemutu). 

1.  Opening  A. 

2.  Thumbs  under  forefinger  loop,  into  little-finger  loop  from  below  : 
turn  hands  so  that  palms  are  downwards,  fingers  pointing  slightly  down, 
and  away  from  you,  thumbs  pointing  directly  downwards.  Turn  palms 
towards  each  other,  the  ends  of  fingers  approaching  slightly,  at  the  same 
time  turning  thumbs  upwards  and  slightly  towards  you  until,  when  the 
palms  face  each  other,  the  thumbs  are  upright,  having  carried  with  them 
the  far  little-finger  string.  Hold  fingers  close  during  the  movement,  to 
prevent  slipping  of  strings. 

3.  Release  little  fingers.  (There  are  now  a  single  loop  on  each  forefinger, 
and  a  double  loop  on  each  thumb,  one  of  the  far  thumb  strings  crossing 
over  and  under  one  of  the  nearest  thumb  strings.) 

4.  Middle,  ring,  and  little  fingers  under  forefinger  loop  ;  with  ring  and 
little  fingers  hold  down  the  far  double  thumb  string,  and  with  middle 
fingers  inserted  in  forefinger  loop  from  below  press  down  near  forefinger 
string.  Bend  forefingers  forward  over  the  near  double  thumb  string,  grasp 
it  between  forefingers  and  middle  fingers,  and  draw  it  back  through  the 

10 — Science. 
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forefinger  loop,  turning  palms  away  so  that  the  far  forefinger  string  slips 
over  the  backs  and  tips  of  forefingers.  (This  movemenr  occurs  several 
times  in  subsequent  figures,  and  may  conveniently  be  referred  to  as  move¬ 
ment  4  of  ikiiki.)  Release  middle  fingers,  but  not  thumbs,  across  whose 
backs  passes  a  double  string,  and  extend  the  figure  by  spreading  it  between 
the  forefingers  and  little  fingers,  thumbs  held  close  against  forefingers, 
palms  turned  from  you. 


Fig.  1. — Ikiiki.  During  movement  2. 

On  the  writer  one  day  setting  up  this  figure  at  Ohinemutu,  a  young 
Maori  girl,  who  had  learned  whai  but  was  not  then  able  to  set  up  any  of  the 
figures,  said  “  Wait.”  She  inserted  fingers  and  thumbs  into  the  pattern, 
turned  in  through  the  central  diamond  as  in  takapau,  and  produced  wahine. 
As  her  movements  appeared  the  same  as  in  takapau,  no  note  of  them  was 
taken.  On  repeated  subsequent  trial,  however,  the  writer  has  failed  to 
produce  wahine  by  the  Maori  girl’s  method.  A  form  of  wahine  may  be 
obtained  from  ikiiki  as  follows  :  Lay  the  pattern  on  the  knees,  and  note 


Fig.  2. — Ikiiki. 

the  diamonds  on  the  extreme  left  and  right  of  the  figure.  Their  upper 
and  lower  angles  are  formed  of  crossed  strings,  which  crossed  strings  also 
form,  with  the  top  and  bottom  strings,  small  triangles.  Insert  forefingers 
in  the  upper  and  thumbs  in  the  lower  triangles,  and  draw  hands  slowly 
apart.  The  wahine  appears  in  the  centre.  This  resolution  is  more  easily 
obtained  by  two  persons.  If  it  be  attempted  to  produce  tane  from  this 
figure  in  the  ordinary  way,  a  variation  of  the  well-known  seventh  figure 
of  the  European  catVcradle  “  a  fish  in  a  dish”  is  obtained.  If,  on  the  other 
hand,  the  forefingers  and  thumbs  are  inserted  into  the  figure  so  that  they 
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have  between  them  the  crossed  strings  forming  the  upper  and  lower  angles 
of  the  central  diamond,  and  the  hands  drawn  slowly  apart  instead  of  being 
inserted  into  the  centra]  diamond,  &c.,  the  second  figure  of  our  cat’s-cradle, 
“  the  soldier’s  bed,”  is  obtained.  The  result  is  the  same  if  the  forefingers 
and  thumbs  take  between  them  the  crossed  strings  forming  the  left  and 
right  angles  of  the  central  diamond. 


Fig.  3. — Para-hv.hu  (continuation  of  iJciilci). 

There  is  a  continuation  of  ikiiki  known  to  the  Tuwharetoa  Tribe  as 
te  manuka  piko,  but  no  continuation  was  known  to  the  Maori  at  Rotorua— 
at  anv  rate,  no  continuation  was  shown. 

4/  7 

The  following  is  a  simple  continuation,  and  on  setting  it  up  at  Pipiriki 
the  name  para-huhu  was  at  once  given. 

Release  thumbs  and  little  fingers,  allowing  the  strings  to  hang  loosely 
on  forefingers.  Insert  thumbs  into  forefinger  loops  from  below  close  tp 


Fig.  4. — The  sugar-cane.  During  movement  5. 

forefingers,  spread  thumbs  and  forefingers,  and,  laying  middle  fingers  close 
against  forefingers  to  grip  the  double  string  on  those  fingers,  draw  the 
hands  slowly  apart  till  the  figure  resembling  a  cow’s  head  appears  in  the 
centre.  The  strings  must  not  be  drawn  too  taut  for  the  best  display  of  this 
figure. 

The  name  was  said  to  have  been  given  because  of  the  creeping  motion 
of  the  two  contracting  loops  ;  but  it  was  unknown  at  Koriniti  and 
Hiruharama. 
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Comparison. 

An  interesting  comparison  comes  from  New  Caledonia — interesting 
because  it  employs  the  characteristic  movements  2  to  4  of  ikiiki,  and  is 
continued  beyond  movement  4.  The  figure  is  given  by  Compton,*  and 
his  instructress  gave  it  a  French  name,  canne  d  sucre ,  “  the  sugar-cane.” 

1-3,  as  in  ikiiki. 

4,  as  in  ikiiki ,  except  that  the  near  forefinger  string  is  held  down,  and 
the  far  double  thumb  string  drawn  through  the  forefinger  loop,  the  figure 
being  extended  between  forefingers  and  thumbs,  palms  turned  upwards. 

5.  Insert  little  fingers  in  central  diamond,  and  with  their  tips  hook 
down  the  two  near  strings  of  that  diamond  (this  is  more  easily  done  if  the 
near  thumb  string  that  passes  straight  across  is  taken  between  the  teeth 
at  the  centre  of  the  figure  and  drawn  towards  you)  ;  bring  the  little  fingers, 
holding  these  strings,  towards  you  under  the  near  thumb  string,  insert  them 
over  that  string  into  the  centre  of  the  figure,  their  backs  resting  on  the 
near  thumb  string  and  the  string  twisted  round  it,  the  two  carried  strings 
slipping  away. 


6.  Release  thumbs  and  extend  between  forefingers  and  little  fingers. 


Fig.  5. — The  sugar-cane.  After  movement  8. 


7.  Thumbs  into  forefinger  loop  from  below,  taking  on  their  backs  the 
near  forefinger  string  that  goes  across  the  figure  ;  release  forefingers  from 
both  loops  and  draw  taut. 

8.  Forefingers  into  little-finger  loops  from  below.  Release  thumbs  and 
draw  taut,  palms  facing  each  other. 

Tutae  takahuri  (a  variation  of  ikiiki). 

The  figure  ikiiki  is  extremely  fertile  in  variations.  The  following  is  of 
particular  interest  : — 

1.  Opening  A. 

2.  Keeping  fingers  closed,  insert  left  hand  under  right-hand  strings 
from  far  side  ;  grasp  these  strings  between  left-hand  fingers  and  thumb. 
Withdraw  the  right-hand  fingers  from  their  loops,  taking  care  these  do  not 
twist.  Give  the  left  hand  a  half-turn,  little-finger  loop  coming  towards 
you  under  thumb  loop;  and  replace  right-hand  loops  so  that  the  former 
little -finger  loop  is  now  on  the  thumb,  and  the  former  thumb  loop  on  the 
little  finger.  Separate  hands,  and  proceed  as  in  ikiiki ,  movements  2-4. 


*  R.  H.  Compton,  Jour.  Roy.  Anthropol.  Inst...  vol.  49,  pp.  223,  224,  1919. 
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To  display  the  figure  a  half -turn  of  the  hands  must  be  given,  and 
the  hands  held  vertically,  right  hand  uppermost,  the  right-hand  fingers 
pointing  to  the  left  and  the  left  to  the  right. 

Whilst  experimenting  in  variations  of  iJciiki  the  writer  obtained  the 
above  figure,  and  was  surprised  to  recognize  an  old  friend  :  the  figure  is  one 
produced  by  Aporo  at  Gisborne  in  1919.  The  movements  were  not  obtained 
at  the  time,  though  a  photo  of  the  finished  figure  was  taken.  It  remains 
to  be  seen  if  the  Maori  movements  are  the  same  as  those  above. 

Many  variations  of  ikiiki,  some  of 
them  of  considerable  beauty,  have 
been  worked  out ;  but,  as  they  have 
not  been  seen  amongst  the  Maori,  they 
are  not  detailed  here. 

Maui  ;  or,  The  Four  Maui 
Brothers. 

(From  Makurata,  a  Tuhoe  woman  ;  but 

first  seen  set  up  by  Aporo,  a  Ngati- 

Porou  man.) 

First  Figure. 

1.  Opening  A. 

2.  Ring-fingers  into  forefinger  loop 
from  below,  transferring  loop  to  ring- 
fingers. 

3.  Middle  fingers  into  thumb  loop 
from  below,  transferring  loop  to 
middle  fingers.  (Or  opening  A  may 
be  made  by  looping  the  string  over 
middle  and  little  fingers  instead  of 
thumb  and  little  fingers.) 

4.  Left  thumb  into  middle-finger 
loop  from  below,  and  draw  out  near 
string ;  left  forefinger  down  under 
near  thumb  string  from  far  side,  and 
raise  it  on  its  back. 

5.  Right  forefinger  under  upper  Fra.  Q.—Tutae  taJcahuri, 

short  string  stretched  between  left 

forefinger  and  thumb,  catch  the  string  on  back  of  forefinger,  draw  out  to 
the  right,  the  right  hand  returning  to  its  position. 

6.  Release  left  thumb,  leaving  an  ordinary  loop  on  the  forefingers. 
(Four  fingers  now  have  ordinary  loops.) 

7.  Thumb  under  all  strings  on  forefinger,  middle  and  ring  fingers,  and 
into  little-finger  loop  from  above  ;  take  up  far  little-finger  string  and 
return. 

8.  Thumbs  over  strings  and  under  near  little-finger  string,  returning 
with  that  string  on  their  backs.  (There  are  now  single  loops  on  all  the 
fingers,  and  a  double  loop  on  the  thumbs,  formed  of  the  little-finger  loop, 
the  former  near  string  of  which  passes  across  the  palm  over  all  the  other 
strings  to  the  thumbs,  the  former  far  string  passing  across  the  palm  under 
all  the  other  strings.) 

9.  Forefingers  down  into  the  forefinger  loop  between  the  two  palmar 
strings,  the  upper  of  those  strings  being  on  the  inner  side  of  the  finger,  the 
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lower  on  the  back.  Raise  the  forefingers,  carrying  with  them  on  their  backs 
through  the  forefinger  loop  the  lower  palmar  string. 

10.  Release  thumbs,  and  draw  taut.  (The  lower  forefinger  string  now 
runs  clear  across  from  finger  to  finger,  the  upper  being  caught  under  two 
crossed  loops  in  the  centre  of  the  bunched  strings.) 

11.  Push  lower  left-forefinger  string  under  and  up  behind  the  upper 
forefinger  string,  and  insert  the  left  thumb  in  the  loop  formed,  the  front 
of  the  thumb  resting  on  the  upper  string,  the  lower  passing  in  a  loop  over 
the  back  of  the  thumb.  Repeat  on  the  right  side,  and  draw  thumbs  towards 
you. 

12.  Lift  from  both  forefingers  the  upper  loop,  the  one  whose  near 
string  is  the  near  forefinger  string  across  which  the  thumb  loop  comes, 
and  drop  it  over  the  tips  of  the  fingers  on  the  palmar  side. 

j  13.  Close  the  fingers  of  the  right  hand  on  the  palm  to  hold  all  the 
strings  in  place,  and  with  right  forefinger  and  thumb  take  the  two  strings 
lying  between  the  left  forefinger  and  middle  finger — that  is,  the  far  fore¬ 
finger  string  and  the  near  middle-finger  string.  Release  all  the  fingers 


Fig.  7. — Maui. 


from  their  loops,  retaining  the  loop  on  the  thumb  only.  Insert  the 
left  little  finger  into  the  left-thumb  loop  from  below,  and  withdraw  the 
thumb.  Insert  left  middle  finger  from  above  into  loops  held  by 
the  right  forefinger  and  thumb.  Hold  these  loops  on  little  finger  and 
middle  finger,  crooking  those  fingers  to  do  so,  whilst  the  left  forefinger  and 
thumb  remove  the  corresponding  strings  from  the  right  hand.  Join  tips 
of  thumbs  to  tips  of  forefingers  and  middle  fingers,  and  transfer  loops  to 
thumbs.  Bring  round  forefingers  and  insert  them  from  below  into  the  loops 
with  thumbs.  Draw  hands  apart,  keeping  strings  well  towards  tips  of  fore¬ 
fingers,  and  thumbs  pressed  downwards  towards  little  fingers.  The  four 
Maui  appear  in  the  centre.  The  two  in  the  middle  are  at  first  looped  over 
each  other,  and  may  be  separated  with  the  lips. 

At  Gisborne  and  Rotorua  two  persons  extended  the  final  figure,  but 
this  is  not  absolutely  necessary.  Two  persons  are  necessary  for  the 
continuation.  It  was  said  at  Whakarewarewa  that  the  fifth  Maui, 
Maui-tikitiki-a-Taranga,  is  not  shown  in  this  figure,  because  the  mother 
maintained  that  she  had  only  four  sons.  The  story  of  how  the  fro  ward 
Maui-tikitiki-a-Taranga  persuaded  her  that  he  really  was  her  fifth  son  is 
long,  and  so  well  known  that  it  need  not  be  repeated.  . 


Fig.  8. — Ruapehu  and  Tovgariro. 

Te  TOTARA  I  KUTIA  AI  A  MaRU. 

(From  Makurata,  a  Tuhoe  woman.) 

Synonym  :  Ng-a  puna  paraoa  (Ivoriniti,  Wanganui  River). 

(Two  persons  are  required  to  show  the  finished  figure.) 

1.  Opening  A. 

2.  Exchange  forefinger  loops,  first  putting  the  right-forefinger  loop  on 
the  left  forefinger,  then  lifting  the  left  over  the  right  and  putting  it  on  the 
right  forefinger.  Drop  the  forefinger  loops  over  the  hands  to  the  wrists. 


*  Ihere  is  some  confusion  between  these  two  names  and  two  others,  Maungati  and 
Maungata,  mountains  in  another  figure  not  yet  seen.  These  names  were  also  given  to  a 
design  used  in  Maori  reed-panel  work.  See  Te  Rangi  Hiroa,  “  Maori  Decorative 
Art/’  Trans.  N.Z.  Inst.,  vol.  53,  p.  461,  and  fig.  5,  p.  462,  1921.  They  are  there 
called  mangati  and  mangata.  The  names  are  also  applied  (Mrs.  Gordon)  to  the  third 
combination  of  Waka  a.  Tama-rereti,  where  three  interchangeable  names — Maungati, 
Maungatuha,  and  Maungatawheroa  —  are  given.  krom  other  evidence,  however,  I 
think  this  is  a  different  figure  altogether. 
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Second  Figure  :  Ruapehu  and  Tongariro.* 

A  second  person,  B,  takes  between  the  forefinger  and  thumb  of  either 
hand  the  two  strings  forming  the  top  of  the  figure,  grasping  them  at 
the  centre,  between  the  two  central  Maui.  A  releases  the  loop  whose 
lower  string  is  held  down  by  the  thumbs,  raising  his  thumbs  and 
allowing  it  to  slip  off  the  forefingers  as  B  raises  the  two  strings 
upwards  till  they  form  two  tall  triangles.  These  represent  the  two 
mountains. 
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3.  Thumbs  into  little-finger  loop  from  below,  and  carry  back  the  near 
little-finger  string. 

4.  Middle  fingers  into  thumb  loop  from  below,  and  carry  up  the  far 
thumb  string. 

5.  Teeth  take  the  far  wrist  strings  from  below,  carry  them  under  other 
strings  and  drop  over  the  thumbs.  (The  movement  was  made  so  by  Maku- 
rata  ;  it  may  be  made  equally  well  by  holding  the  strings  taut,  turning 
the  palms  away  and  inserting  the  thumbs  into  the  wrist  loop  from  below 
and  over  the  far  wrist  string,  returning  with  the  string.) 

6.  With  the  right  forefinger  and  thumb  take  the  near  string  of  the  left-, 
thumb  loop  that  passes  round  thumb  and  middle  finger  (it  should  be  below 
the  loop  that  passes  round  the  thumb  and  little  finger),  withdraw  the 
thumb  from  all  the  loops,  and  reinsert  it  in  the  held  loop,  taking  care  that 
the  two  loops  resting  on  the  held  loop  are  on  the  palmar  side.  Insert  the 


Fig.  9. — Te  totara.  After  movement  5. 


forefinger  and  thumb  of  the  right  hand  from  above  into  the  middle-finger 
loop,  pick  up  the  far  little-finger  string,  draw  it  through  the  middle-finger 
loop,  drop  the  loop  from  the  middle  finger,  and  again  insert  the  little  finger 
into  its  loop.  Repeat  on  the  right  hand. 

7.  With  the  right  hand  lift  the  two  loops  from  the  left  thumb  and  little 
finger,  withdraw  that  hand  from  the  wrist  loop,  and  replace  on  the  left 
thumb  and  little  finger  the  loops  held  by  the  right  hand.  Repeat  on  the 
right  hand,  and  spread  the  figure. 

8.  B  may  now  hold  the  loops  of  the  left  hand,  whilst  A  with  his  left  fore¬ 
finger  and  thumb  raises  the  upper  pair  of  the  central  crossed  diamonds 
that  lie  close  when  the  strings  are  held  taut.  (Or  they  may  be  lifted  by 
B,  as  in  the  figure  whilst  the  loops  remain  on  the  fingers  of  A.)  The  upper 
pair  of  diamonds  is  the  totara  ( rakau  =  tree)  under  which  Maru  was  caught. 


Sawing  Wood. 

1.  Put  the  loop  round  the  wrists  as  for  European  cat’s-cradle — that  is, 
with  double  string  on  back  of  wrists  and  single  string  on  front,  and  a  near 
and  far  wrist  string.  Pick  up  stiing  from  left  wrist  with  right  middle  finger, 
and  string  from  right  wrist  with  left  middle  finger,  the  left  loop  passing 
through  the  right  as  in  opening  A. 


1921.]  Andersen. — Maori  String-games:  Second  Series 
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Fig  10. — Te  totara  i  hutia  ai  a  Mam. 


Fig.  11. — Sawing  wood.  During  movement  2 


c 
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2.  Thumbs  into  middle-finger  loops,  and  take  the  string  between  fore¬ 
finger  and  thumb  ;  hold  the  far  wrist  string  with  the  foot  and  the  near 
wrist  string  with  the  teeth  (or  a  second  person  holds  the  two  strings)  ;  slip 
the  loops  off  the  wrist  over  tips  of  fingers  and  draw  the  hands  apart. 

By  holding  the  strings  taut  and  alternately  bringing  the  hands  and  teeth 
and  foot  together,  and  separating  them,  the  sawing  is  done. 

The  writer  did  not  see  this  figure  produced  ;  but  a  young  girl  at  Ohine- 
mutu,  to  whom  he  had  taught  several  figures,  one  day  said,  “  A  Maori  boy 
showed  me  this,  but  I  cannot  remember  the  finish.”  The  writer  saw  what 
was  evidently  intended,  finished  the  figure,  and  asked  “  Was  that  it  ?  ” 
■  ‘  Yes  ”  was  the  answer.  She  did  not  get  the  name  by  which  the  figure 
was  known,  and  did  not  know  the  name  of  the  boy,  and  saw  him  “  only 
once  in  a  blue  moon.”  She  promised  to  ask  particulars  next  “blue  moon,” 
but  none  such  rose  before  the  writer  left  Rotorua,  and  the  figure  is  recorded 
for  further  inquiry.  It  is  probably  introduced,  as  it  does  not  start  with  a 
Maori  or  Pacific  opening,  but  with  the  one  common  in  Europe. 


Fig.  12. — Ngutu  koko. 

Ngutu  koko. 

(From  H.  Ruru,  a  Ngafei-Porou  man,  Gisborne.) 

Synonym  :  Te  kiwi  (Te  Kiwi-amohau,  Arawa  Tribe,  Ohinemutu). 

Note. — The  Ngati-Porou  have  also  a  figure  called  kiwi,  so  the  name  by  Te  Kiwi- 
Etmohau  may  be  from  a  fancied  resemblance.) 

j  1.  Opening  A. 

2.  Release  thumbs. 

3.  Thumbs  through  forefinger  loop  from  above,  into  little-finger  loop 
from  below  ;  take  on  their  backs  near  little-finger  string  and  return. 

4.  Release  little  fingers. 

5.  Little  fingers  through  forefinger  loop  from  above,  into  thumb  loop 
from  below  ;  take  on  their  backs  far  thumb  string  and  return. 

6.  Release  thumbs. 

7.  Repeat  movement  3. 

8.  Middle  fingers  into  forefinger  loop  from  above ;  take  near  forefinger 
string  on  backs,  returning  to  position  ;  turn  palms  away,  and  release  thumbs. 

The  figure  is  best  displayed  if  the  string  is  kept  well  towards  the  tips 
of  the  middle  fingers,  being  held  there  by  the  forefingers,  the  string  round 
the  forefingers  being  kept  well  towards  the  roots  of  those  fingers,  whilst 
the  thumbs  press  down  the  bottom  string  of  the  pattern. 

( To  be  continued. ) 
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CHEMICAL  TECHNOLOGY  OF  THE  FROZEN  -  MEAT 

INDUSTRY.* 

By  A.  M.  Wright,  A.I.C.,  F.C.S.,  Chief  Chemist,  New  Zealand  Refrigerating 

Company  (Limited). 

PART  III. 

Wool.  (28,  30,  31,  34,  36,  37,  39,  40,  42.)t 

The  sheep  and  lamb  skins  after  their  removal  from  the  carcase  are  con¬ 
veyed  to  the  fellmongery,  and  are  at  once  placed  in  washing-machines, 
which  usually  are  merely  vats  fitted  with  a  revolving  paddling  arrange¬ 
ment  to  ensure  that  a  more  or  less  thorough  washing  of  the  skins  is 
effected. 

The  blood  adhering  to  the  skin  and  wool,  as  well  as  the  dirt  and  sand 
which  are  inevitably  present  upon  all  skins,  are  removed  in  part  from  the 
wool  and  skin  by  this  initial  washing,  the  importance  of  which  can  hardly 
be  stressed  too  much.  If  the  wool  is  thoroughly  cleansed  the  market  value 
is  enhanced ;  for,  after  all,  the  buyer,  who  has  in  view  the  ultimate  return 
of  pure  wool-fibre  in  the  manufactured  woollen  goods,  bases  his  judgment 
as  to  value  upon  the  amount  of  non- wool  material  which  he  estimates  to  be 
present  ;  in  addition  it  has  to  be  borne  in  mind  that  it  costs  a  considerable 
sum  to  remove  adherent  dirt  and  blood  from  the  wool  at  the  mill,  and 
hence  it  is  important  to  pay  adequate  attention  to  the  washing  of  the  wool 
and  skin  immediately  after  the  removal  of  the  skin  from  the  carcase. 

This  washing  of  the  skin  must  not  be  confused  with  the  process  of 
scouring,  which  is  carried  out  at  the  woollen-mill  after  the  arrival  of  the 
“  slipe  ”  wool,  as  it  is  termed. 

The  skin  with  its  wool,  after  removal  from  the  washing  paddle-vats, 
is  then  placed  in  some  form  of  hydro -extractor,  usually  a  centrifugal 
machine  which  throws  out  the  surplus  water,  leaving  the  skin  and  wool 
comparatively  free  from  an  excessive  amount  of  adherent  moisture. 

In  order  to  remove  the  wool  from  the  skin  a  process  termed  “.depilation 
is  employed.  Formerly  this  proces  of  depilation  was  carried  out  (and  it 
is  even  yet  in  some  quarters)  by  “  sweating  ”  the  skins  ;  this  method  is 
probably  one  of  the  most  ancient  forms  of  depilation,  depending  as  it  does 
upon  the  action  of  putrefactive  bacteria  to  bring  about  the  loosening  of 
the  wrool-fibres  from  the  skin. 

The  “  sweating  ”  process,  while  being  one  which  is  satisfactory  as  regards 
the  wool,  has  been  found  to  be  objectionable  on  account  of  the  injury  which 
it  causes  to  the  pelt,  or  skin.  Despite  this  fact  it  is  still  employed  in 
some  fellmongeries,  and  consequently  some  account  of  the  operation  is 
justified. 


*  The  author  desires  to  express  his  thanks  to  the  New  Zealand  Refrigerating 
Company  (Limited)  for  permission  to  publish  this  article, 
f  See  “  Literature  cited,”  p.  164. 
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The  skins  are  placed  in  rooms,  and  are  hung  by  the  head.  The  atmo¬ 
sphere  is  moist  owing  to  the  presence  of  the  somewhat  damp  sheep-skins, 
and  the  temperature  is  maintained  by  means  of  heating-appliances  at  from 
60°  to  70°  F.  A  considerable  amount  of  ammonia  is  evolved  in  consequence 
of  the  putrefaction ;  and  this  ammonia,  acting  as  a  weak  alkali,  aids  the 
loosening  of  the  wool.  It  is  possible  to  de-wool  sheep-skins  satisfactorily 
by  the  action  of  ammonia  without  serious  putrefaction  taking  place,  and 
several  methods  based  upon  the  use  of  ammonia  solutions  upon  sheep¬ 
skins  have  been  applied  to  the  process  of  depilation. 

In  the  “  sweating  ”  process  the  skins  are  examined  daily,  and  if  it  is 
found  that  the  wool  can  be  easily  removed  at  both  top  and  bottom  the 
skins  are  taken  out  of  the  rooms.  If,  however,  it  is  found  that  the  wool 
from  the  neck  is  easily  removed,  but  that  from  the  tail  is  still  firmly  held 
within  the  tissues,  the  skin  is  rehung  by  the  tail  until  the  tail  wool  is 
loosened.  The  whole  operation  may  take  finally  up  to  five  days.  This 
method  of  depilation  is  bacterial  in  character,  and  research  has  demon¬ 
strated  that  certain  bacteria  associated  with  the  putrefaction  of  protein 
matter  are  the  active  agents  which  bring  about  the  loosening  of  the  wool- 
fibre  and  the  attendant  destruction  of  the  skin-structures.  The  action 
of  these  bacteria  is  not  by  direct  attack,  but  by  the  secretion  of  certain 
digestive  substances  called  enzymes,  which  liquefy  the  proteid  matter  of 
the  skin. 

It  is  because  of  this  breaking-down  of  the  skin-fibre  which  the  “  sweating  ” 
process  involves  that  modern  practice  has  sought  some  other  method  to 
bring  about  the  loosening  of  the  wool  without  material  destruction  to  the 
skin.  It  is  now  customary,  when  the  skins,  after  washing,  have  been 
removed  from  the  hydro-extractor,  to  paint  the  flesh  side  with  a  mixture 
in  water  of  milk  of  lime  and  sodium  sulphide.  The  skins  are  then  folded 
wool  side  outwards  and  allowed  to  remain  overnight,  and  on  the  following 
day  the  wool  is  “  pulled  ”  and  the  skin  is  then  known  as  the  “  pelt.” 

The  effect  of  arsenic  sulphides  and  lime,  which  by  reaction  form  calcium 
sulphydrate,  has  long  been  known  as  a  depilatory  ;  but  it  is  only  since 
crystallized  sodium  sulphide  (Na2S.9H20)  has  been  introduced  into 
commerce — and  more  recently  the  solid  fused  sodium  sulphide,  containing 
from  60  to  62  per  cent.  Na2S — that  sulphides  other  than  those  of  arsenic 
have  been  generally  adopted  in  fellmongering.  The  peculiarity  of  their 
action  is  that  they  do  not  greatly  swell  the  skin  itself,  but,  when  painted 
upon  the  flesh  side,  penetrate  the  skin  and  merely  attack  the  roots 
of  the  wool,  allowing  it  to  be  “  pulled  ”  without  injuring  the  rest  of 
the  fibre. 

Various  methods  of  mixing  the  sodium  sulphide  with  the  lime  are 
adopted,  but  they  all  have  for  their  object  the  production  of  a  depilatory 
which  shall  be  so  thick  as  not  to  run  off  the  skin  while  it  is  being  applied, 
and  to  contain  sufficient  water  to  enable  it  to  work.  The  amount  of  sodium 
sulphide  employed  varies,  the  action  upon  the  roots  of  the  wool  being 
accelerated  during  the  warmer  months,  and  consequently  less  sulphide  is 
then  required  than  during  the  colder  months.  Likewise,  in  the  case  of 
skins  being  held  over  from  a  Saturday  until  the  following  Monday  instead 
of  overnight,  the  quantity  of  sulphide  required  will  be  less. 

The  active  de-woolling  agent  is  the  sodium  sulphide,  and  not  the  lime  ; 
calcium  sulphydrate  is  formed,  and  is  the  most  active,  but  sodium 
sulphydrate,  which  is  also  formed  at  the  same  time,  is  likewise  efficient. 
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In  practice  sodium  sulphide  cannot  be  used  alone  without  causing  loss  of 
wool,  although  if  it  were  possible  to  add  to  the  solution  of  sodium  sulphide 
a  material  which  would  be  unaffected  by  the  sulphide  and  which  would  reduce 
it  to  the  consistency  of  a  cream  there  would  appear  to  be  no  objection  to  it. 
Flour,  for  instance,  has  been  so  used  experimentally,  but  the  cost  precludes 
its  use  in  this  way. 

Milk  of  lime  is  also  used  as  a  depilatory  in  some  places,  but  it  will  not 
remove  wool  without  the  aid  of  bacterial  action,  and  consequently  its  use 
is  but  a  modification  of  the  44  sweating  ”  process  in  which  certain  of  the 
putrefactive  bacteria  are  held  in  check. 

The  wool,  after  having  been  loosened  by  one  or  other  of  the  methods 
noted,  is  then  removed  from  the  skin  by  44  pulling.”  This  operation  is 
conducted  by  men  termed  44  pullers,”  who  remove  the  wool  by  hand 
after  placing  the  skin  flesh-side  down  upon  a  round-faced  beam. 

The  wool  thus  removed  from  the  skin  now  requires  to  be  dried  in  order 
to  bring  it  into  a  marketable  state,  for,  despite  the  large  amount  of  water 
from  the  washing  which  has  been  taken  out  by  the  hydro -extractors  or 
centrifugal  machines,  a  considerable  amount  of  moisture  remains.  Ordi¬ 
narily  the  drying  of  wool  is  carried  out  in  machine  driers  by  means  of  hot 
air.  Various  types  of  wool-driers  are  in  use,  each  apparently  possessing 
qualities  which  appeal  to  the  individual  users  ;  in  all,  however,  the 
objective  lies  in  drying  the  wool  quickly  and  economically  to  a  uniform 
condition — neither  too  dry  nor  the  reverse. 

A  matter  of  some  importance  has  to  be  taken  into  consideration  when 
drying  wool,  this  being  its  property  of  reabsorbing  moisture  from  the 
atmosphere.  The  results  of  a  number  of  investigations  have  shown  that 
various  factors  enter  into  this  power  of  moisture -absorption  from  the 
atmosphere,  namely  :  (1.)  The  relative  humidity  of  the  atmosphere,  more 
moisture  being  absorbed  during  a  period  of  high  relative  humidity  than  when 
the  humidity  is  low  ;  conversely,  some  of  the  moisture  absorbed  during  a 
period  of  high  relative  humidity  may  be  lost  when  the  humidity  decreases. 
(2.)  Pure  wool-fibre  can  absorb  up  to  20  per  cent,  of  its  weight  of  moisture, 
owing  probably  in  part  to  the  enormous  surface  area  of  a  given  weight  of 
wool  ;  thus  1  lb.  of  Leicester  wool  has  a  surface  area  of  about  400  square 
feet.  (3.)  The  natural  wool-grease  can  absorb  up  to  17  per  cent,  of  its 
weight  of  moisture  from  the  atmosphere.  (4.)  Suint,  or  wool-perspiration, 
can  absorb  up  to  67  per  cent,  of  its  weight  of  moisture  when  exposed  to  the 
atmosphere.  Suint,  which  may  be  present  in  greasy  wools  to  an  amount 
of  nearly  13  per  cent.,  and  in  slipe  wools  in  amounts  of  about  2  per  cent, 
only,  is  probably  the  chief  factor  which  accounts  for  the  different  extent  to 
which  greasy  and  slipe  wools  absorb  moisture  from  the  atmosphere,  it  being 
found  that  a  greasy  wool  absorbed  from  24-38  per  cent,  to  29-27  per  cent, 
moisture,  while  slipe  wool  under  the  same  conditions  absorbed  only  from 
16-12  per  cent,  to  20-66  per  cent. 

In  connection  with  the  drying  of  wool  at  or  above  212°  F.  it  has  been 
found  that  the  wool  has,  when  subsequently  exposed  to  the  atmosphere, 
regained  a  considerable  portion  of  moisture,  but  not  as  much  as  wool  dried 
below  212°  F.  Either  a  portion  of  the  hygroscopic  qualities  had  been 
destroyed,  or  more  than  water  of  hydration  had  been  driven  off,  and  some 
of  the  organic  compounds  which  either  formed  a  part  of  or  were  present 
within  the  fibre  had  commenced  to  disintegrate. 
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The  following  are  analyses  of  greasy  and  slipe  wools  : — 


Three- 

Half-bred. 

quarter- 

bred. 

Leicester. 

Lincoln. 

Greasy  Wool. 


Moisture 

16-90 

19-20 

17-79 

17-18 

Wool-fat 

16-68 

12-08 

8-94 

5-72 

Other  fatty  matter 

0-42 

0-74 

0-91 

0-96 

Water-soluble  suint 

10-30 

12-72 

7-81 

2-26 

Sand,  dirt,  &c. 

3-62 

3-94 

5-10 

5-32 

Pure  wool-fibre 

52-08 

51-32 

59-45 

68-56 

100-00 

100-00 

100-00 

100-00 

Slipe  Wool. 


Moisture 

12-78 

12-82 

13-37 

12-67 

Wool-fat 

6-49 

5-76 

3-53 

3-47 

Other  fatty  matter 

2-45 

2-29 

1-82 

2-05 

Water-soluble  suint 

2-01 

1-60 

1-20 

1-04 

Sand,  dirt,  &c. 

2-66 

3-72 

4-49 

3-85 

Pure  wool -fibre 

73-61 

73-81 

75-59 

76-92 

100-00 

100-00 

100-00 

100  00 

Pelts.  (28,  29,  30,  31,  35,  36,  37,  38,  47.) 

The  skins  from  which  the  wool  has  been  removed  are  known  as  “  pelts,” 
and  these  at  the  freezing-works  are  usually  treated  for  shipment  by  curing 
or  preserving  them  in  order  to  withstand  bacterial  decomposition. 

The  pelt  as  it  comes  from  the  fellmongery  and  from  the  hands  of 
the  puller  contains  a  large  amount  of  foreign  matter,  chiefly  fat,  hair 
and  wool  fibres,  and  detritus  in  the  form  of  the  lime  and  sodium  sulphide 
which  has  been  used  as  a  depilatory  to  loosen  the  wool.  The  pelts  are 
first  washed  in  pits  or  “  dollies,”  with  paddles  revolving,  in  order  to 
thoroughly  remove  as  much  as  possible  of  the  adhering  detritus.  The 
washing-water  should  either  be  running  or  changed  several  times  during 
this  process.  It  has  been  found  advantageous,  if  the  water  contains  dis¬ 
solved  carbon  dioxide,  to  add  lime-water  before  the  wash -water  reaches 
the  pelts,  to  combine  the  carbon  dioxide  with  lime  as  carbonate  in  the 
wash -water,  and  so  prevent  “  blasting  ”  of  the  grain  of  the  pelt  should  the 
carbon  dioxide  form  a  carbonate  with  the  lime  in  the  pelt  substance. 

The  pelts  are  then  limed  bv  being  paddled  in  a  “  dolly  ”  with  a  saturated 
milk-of-lime  moisture  ;  this  has  the  effect  of  swelling  the  pelts  and  of 
loosening  the  adhering  flesh  and  fatty  tissues  in  order  to  enable  the  subse¬ 
quent  fleshing  operation  to  be  carried  out  expeditiously.  The  pelts  after 
being  paddled  for  some  hours  are  placed  flat  in  piles  in  a  heap  to  drain  away 
the  surplus  moisture  and  lime  mixture.  In  the  heap  the  limed  pelts  undergo 
a  further  loosening  of  the  tissues,  and  may  remain  thus  for  a  period  up  to 
ten  days,  when  they  are  ready  for  fleshing.  This  process  is  the  removal 
of  loose  fatty  tissue  and  adhering  portions  of  flesh  from  the  inner  or 
“  flesh  ”  side  of  the  skin. 
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The  process  of  fleshing  is  usually  carried  out  by  machines  operating 
a  right-and-left  spiral  knife-cylinder,  the  pelts  being  fed  into  the  machine 
by  being  thrown  upon  an  apron  beam,  flesh  side  to  the  knife-cylinder. 
A  process  similar  to  fleshing  is  also  carried  out  in  order  to  remove  as  much 
as  possible  of  the  hair  root-sheaths  and  fat-glands  upon  the  grain  side  of  the 
pelt.  This  process  is  known  as  “  scudding,"  the  skins  being  fed  into  the 
machine,  grain  side  to  the  knife-cylinder. 

The  lime,  having  served  its  useful  purpose  in  loosening  the  hair  and 
fatty  and  other  tissues  and  in  swelling  the  pelt-fibre,  must  now  be  re¬ 
moved  from  the  skins,  as  it  would  interfere  with  the  tanning  processes  to 
which  the  pelts  are  ultimately  subjected.  Much  of  the  treatment  to  which 
the  pelts  are  exposed  prior  to  curing  or  pickling  for  export  has  for  its 
object  the  removal  of  the  lime. 

As  the  lime  and  other  alkalis  used  in  the  depilatory  processes  and  for 
the  loosening  of  the  adhering  tissues  are  all  more  or  less  soluble  in  water, 
it  might  be  thought  that  simple  washing  would  suffice  in  order  to  remove 
them.  Skin  or  hide  substance  is,  however,  “  amphoteric  " — that  is  to  say, 
it  is  capable  of  acting  either  as  a  weak  base  or  as  a  weak  acid,  and  is  just 
as  ready  to  combine  with  acids  as  with  alkalis.  Hide  substance  therefore 
forms  definite  chemical  compounds  with  lime,  which  are  only  very  slowly 
decomposed  or  “  hydrolysed  ”  by  the  action  of  water.  In  any  case,  how¬ 
ever,  a  certain  amount  of  loose  lime  can  be  removed  by  washing,  and  with 
this  in  view  the  fleshed  pelts  are  placed  in  washing  “  dollies  in  order  to 
remove  as  much  as  possible  of  the  free  lime. 

The  precaution  noted  previously  in  regard  to  waters  containing  carbon 
dioxide  should  be  taken  into  consideration  here,  and,  if  necessary,  lime-water 
should  be  added  to  the  water  before  its  utilization  in  the  pelt-washing,  so 
as  to  eliminate  the  possibility  of  41  blasting  ”  of  the  grain  of  the  pelt. 

While  lime  and  alkalis  are  retained  by  the  constituents  of  the  pelt  sub¬ 
stance,  their  neutral  salts  are  buf  loosely  held,  and  in  consequence  suitable 
treatment  with  acids  capable  of  forming  soluble  salts  with  lime  is  adopted 
to  aid  in  removing  the  latter.  Difficulties  in  this  connection  arise,  however, 
for,  as  has  been  shown,  hide  substance  is  just  as  ready  to  combine  with 
acids  as  with  alkalis,  and  acids,  equally  with  lime,  produce  results  pre¬ 
judicial  to  the  tanning  process.  It  is  necessary,  therefore,  to  use  either 
the  exact  quantity  of  acid  needed  to  form  a  neutral  salt  or  to  take  other 
means  to  prevent  the  skin  from  absorbing  acid  in  excess.  It  is  in  order  to 
thoroughly  delime  the  pelt  without  subjecting  it  to  injury  that  the  processes 
of  chemical  deliming  are  carried  out  with  the  utmost  care  and  attention 
to  detail. 

The  pelts  are  usually  placed  in  an  infusion  of  bran  and  allowed  to  remain 
there  during  the  process  of  bacterial  fermentation,  which  results  in  the 
production  principally  of  lactic  and  acetic  acids,  the  lime  salts  of  these 
acids  being  soluble  in  water  and  easily  removed  from  the  pelt.  The  fer¬ 
mentation  of  the  bran  infusion  is  brought  about  mainly  by  two  species 
of  lactic  bacteria.  These  bacteria  find  their  food-supply  only  in  the  carbo¬ 
hydrates  of  the  bran,  and  do  not  attack  the  pelt  substance,  so  that  if  no  other 
bacteria  were  present  the  operation  could  be  carried  out  without  destruction 
of  the  pelt.  It  is,  however,  not  practicable  under  manufacturing  condi¬ 
tions  to  secure  absolute  freedom  from  other  bacteria,  and  the  bran  drench 
under  ordinary  working-conditions  always  contains  other  species,  some  of 
them  capable  of  injuring  the  skin.  In  order  to  prevent  these  from  caus¬ 
ing  serious  injury  to  the  skin,  the  only  way  is  to  make  the  conditions  so 
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favourable  for  the  lactic  bacteria  that  they  can  outgrow  and  keep  any 
others  down.  Most  bacteria  which  attack  skin  thrive  only  in  alkaline 
solutions,  and  so  the  slightly  acid  reaction  of  the  drench  affords  protection. 
Most  of  the  putrefactive  bacteria  multiply  at  a  higher  temperature  than 
that  of  the  bran  infusion,  and  it  is  thus  important  to  maintain  conditions 
of  temperature,  acidity,  and  food  as  favourable  as  possible  for  the  lactic 
bacteria. 

The  bran  infusion  is  usually  prepared  by  mashing  the  bran  in  water 
at  about  95°  F.  ;  from  J  to  1  per  cent,  of  bran  to  the  water  may  be  used. 
The  pelts  are  put  in  and  paddled,  the  temperature  of  the  water  falls  to 
about  84°  F.,  and  the  fermentation  then  commences.  No  addition  of 
bacteria  is  needed,  as  sufficient  are  always  present  in  the  paddle-vats. 

The  chemical  changes  taking  place  in  the  drenching  process  appear  to 
be  that  the  starch  of  the  bran  is  first  converted  into  glucose  and  other 
fermentable  sugars  by  an  enzyme  naturally  present  in  the  bran  ;  these 
sugars  are  fermented  by  the  enzymes  produced  by  the  bacteria,  and  con¬ 
verted  into  lactic  and  acetic  acids,  which  in  turn  remove  the  lime  in  solu¬ 
tion.  The  process  when  proceeding  properly  appears  to  be  self-regulating, 
because  the  bacteria,  being  sensitive  to  an  excess  of  acid,  cease  to  multiply 
when  a  concentration  of  about  0-25  per  cent,  of  mixed  acids  is  reached. 
Consequently  until  a  part  of  the  acids  formed  is  absorbed  by  the  skins  the 
production  is  automatically  checked. 

The  bran  drench  for  deliming  has  been  superseded  in  some  places  by 
the  use  of  commercial  lactic  and  acetic  acids  of  proper  strength,  while  in 
part  it  has  been  supplemented  by  the  use  in  various  places  of  these  com¬ 
mercial  acids,  as  well  as  by  the  use  of  hydrochloric  and  sulphuric  acids. 
The  purpose,  however,  is  similar — namely,  to  remove  the  lime.  In  connection 
with  the  use  of  the  bran  drench  it  is  of  interest  to  bear  in  mind  that  the 
mechanical  action  of  the  bran  particles  in  cleansing  the  surfaces  of  the  pelt 
is  of  some  importance. 

The  pelts,  after  being  delimed,  are  in  this  country  usually  preserved  by 
a  pickling  process  in  order  to  keep  them  without  putrefaction  or  injury 
until  they  can  be  shipped  and  worked  into  leather  goods  by  the  purchaser 
in  Britain  or  elsewhere.  Pickling  consists  in  treating  the  pelts  with  a  solu¬ 
tion  of  common  salt  and  a  small  quantity  of  sulphuric  acid.  In  general 
two  methods  of  carrying  out  the  process  are  in  use.  The  first  of  these 
methods  is  that  known  as  a  two -bath  process.  The  pelts  are  first  paddled 
in  a  solution  containing  about  8  per  cent,  salt  with  0-75  per  cent,  sulphuric 
acid,  this  being  termed  a  “  rising  solution, ”  and  the  skins  swell  somewhat. 
They  are  now  transferred  to  a  saturated  solution  of  salt,  termed  a  falling 
solution,”  and  in  this  they  become  thin  and  white.  After  removal  from  this 
solution  they  are  ready  for  packing  in  casks.  The  other  method,  probably 
more  commonly  carried  out  in  this  country,  consists  in  placing  the  pelt  in 
a  solution  of  salt  and  sulphuric  acid,  containing  about  15  per  cent,  salt  and 
0-75  per  cent,  sulphuric  acid,  the  pelts  being  paddled  for  about  an  hour  in 
this  solution.  The  greater  salt  concentration  prevents  tne  swelling  which 
the  sulphuric  acid  in  a  more  dilute  salt  solution  would  bring  about  in  the 
pelt.  The  pelts  when  finally  pickled  contain  approximately  12  per  cent, 
salt  with  0*75  per  cent.  acid. 

Other  acids  than  sulphuric  can  be  used,  and  especially  formic  acid  in 
0-25  per  cent,  solution  gives  good  results  when  properly  used.  The  pelts 
after  pickling  by  the  one-bath  process  are  ready  for  packing  in  casks,  layers 
of  loose  crystal  salt  being  added. 
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Pickled  skins  must  be  rigidly  kept  away  from  water,  as  in  contact  with 
it  they  swell  excessively  and  rapidly  become  tender  and  rotten. 

The  acidity  of  the  pickled  pelt  is  of  considerable  importance  in  main¬ 
taining  its  preservation  from  bacterial  damage,  it  being  necessary  to  have 
within  the  pelt  conditions  unfavourable  to  the  growth  of  micro-organisms, 
either  mould  or  bacteria.  Salt  alone,  even  if  present  up  to  12  per  cent, 
of  the  pickled  pelt,  is  not  sufficient  to  prevent  the  growth  of  organisms  if 
the  acidity  is  low.  It  has  been  found  that  0-37  per  cent,  acid  calculated  as 
sulphuric  does  not  prevent  damage  by  micro-organisms.  The  course  usually 
run  when  the  acidity  is  low  is  that  moulds,  often  Penicillium  glaucum  (a 
green  mould)  or  Aspergillus  niger  (a  black  mould),  which  are  capable  of 
growing  in  a  medium  too  acid  for  putrefactive  bacteria,  develop,  and  in 
the  course  of  their  living  processes  neutralize  the  acidity  of  the  inadequately 
pickled  pelt,  until  the  reaction  as  regards  acidity  is  sufficiently  low  to  permit 
bacteria  to  grow  ;  and,  since  putrefactive  bacteria  are  invariably  present 
under  commercial  conditions,  the  pelts  soon  become  damaged.  It  is  thus 
important  to  see  that  the  pickled  pelts  have  a  degree  of  acidity  which  is 
sufficient  to  prevent  the  development  of  moulds,  as  otherwise  a  cask  which 
to-day  may  have  but  a  few  spots  of  mould  upon  the  pelts  may  in  the  course 
of  a  month  or  so  become  damaged  by  putrefactive  bacteria  after  the  mould 
has  reduced  the  acidity  sufficiently  for  their  development.  An  adequate 
acidity  has  been  found  to  be  0-75  per  cent,  calculated  as  sulphuric.  The 
lowest  limit  has  not  been  determined,  but  an  acidity  below  0*5  per  cent, 
should  be  regarded  with  anxiety.  A  red  coloration  produced  upon  pelts 
damaged  by  putrefactive  bacteria  was  on  one  occasion  found  to  be  due 
to  Bacillus  prodigiosus .  A  typical  analysis  of  a  well  cured  and  pickled 
pelt  showed — Nitrogen,  2-75  per  cent.  ;  hide  substance,  16*10  per  cent.  ; 
sulphuric  acid,  0*72  per  cent.  ;  salt,  11*64  per  cent. 

Hides.  (28,  35,  47.) 

The  hides,  as  soon  as  cool  after  removal  from  the  animal,  are  washed 
with  cold  water  from  a  hose,  and  then  laid  flat,  hair  side  downwards ; 
and  the  edges  of  the  outer  hides,  after  being  freely  sprinkled  with  salt,  are 
turned  in  so  as  to  slightly  raise  the  outer  edges  of  the  pile  of  which  it  is 
to  form  the  base,  so  that  the  salt  brine  which  is  produced  by  the  partial 
solution  of  the  salt  may  not  run  out,  but  must  percolate  through  the 
hides.  Each  layer  of  hides  as  it  is  laid  down  is  freely  sprinkled  with  salt. 
A  coarsely  crystallized  manufactured  salt  is  used  preferably,  for  crushed 
rock  salt  has  been  found  to  be  unsatisfactory  because  of  the  fact  that  it 
usually  contains  an  amount  of  iron  and  calcium  sulphate,  which  marks  the 
hide  with  what  are  generally  termed  “  salt  stains.”  The  process  is  repeated 
till  the  height  of  the  stack  reaches  the  limit  over  which  it  is  practicable  to 
throw  and  spread  the  salt.  In  this  stack  the  hides  lie  for  two  or  more  weeks, 
when  it  should  be  found  that  the  salt  has  completely  penetrated  the  hides, 
which  are  dried  owing  to  the  absorption  of  water  by  the  salt  and  the  drainage 
of  the  brine  so  formed. 

The  purpose  of  salting  the  hides  is  to  preserve  them  from  bacterial 
decomposition,  and  in  this  connection  the  action  of  the  salting  is  twofold — 
first,  in  abstracting  a  certain  amount  of  water  from  the  tissues  and  so  partially 
drying  them,  and,  secondly,  the  presence  of  the  salt  within  the  tissues  in  a 
concentrated  solution  is  inhibitory  to  bacterial  growth. 

The  successful  preservation  of  hides  by  salting  is  aided  if  the  hides  are 
stored  in  a  cool  dry  store  or  cellar  ;  in  addition ,  loss  due  to  deterioration 
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can  be  prevented  by  close  attention  to  the  maintenance  of  cleanliness  and 
prompt  handling  of  the  hides  as  soon  after  slaughter  as  possible. 

Water-supply.  (43,  46,  47,  52,  55.) 

It  is  not  proposed  to  consider  here  the  question  of  the  quality  and 
nature  of  the  water-supply  for  boiler  purposes,  a  consideration  of  which 
is  outside  the  scope  of  this  article.  It  should  be  borne  in  mind,  however, 
that  the  use  of  so-called  “  boiler  compounds  ”  employed  in  remedying  or 
preventing  scale-formation  has  to  be  considered  in  the  light  of  the  sub¬ 
sequent  use  of  the  steam  in  the  manufacture  of  food  substances,  and  the 
danger  of  imparting  undesirable  odours  and  flavours  from  such  a  source 
should  not  be  overlooked  ;  while  in  the  case  of  certain  compounds  which 
are  poisonous,  the  law  s 
in  food-manufacture. 

A  number  of  general  considerations  should  be  taken  into  account  in 
regard  to  the  water  to  be  supplied  to  certain  departments  and  operations 
connected  with  the  frozen-meat  industry.  For  obvious  reasons,  water 
used  in  the  manufacture  of  edible  fats  should  be  as  free  as  ‘possible  from 
organic  matter.  This  is  important  in  view  of  the  fact  that  the  raw  fats 
are  held  in  cold  water  for  periods  up  to  fifteen  hours  so  that  they  may  be 
hardened.  In  such  cases  it  is  not  the  actual  organic  matter  which  pro¬ 
duces  ill  effects,  but  the  fact  that  waters  rich  in  organic  matter  form  a 
suitable  nutrient  for  putrefactive  organisms.  The  water  should  also  be 
as  free  as  possible  from  suspended  solids  ;  and,  for  reasons  of  subsequent 
economy  in  operation  when  the  chilling  of  the  water  is  required  for  edible 
fats,  a  low  original  temperature  as  it  reaches  the  department  is  desirable. 
The  hardness  of  the  water  has  apparently  no  effect  upon  the  success  or 
otherwise  of  its  use  for  edible-fat  manufacture. 

For  meat-extract  manufacture  the  water  should  be  free  from  suspended 
matter  and  low  in  total  solids.  Sulphate  of  lime  and  magnesium  salts  in 
excess  have  been  found  in  meat-extracts  manufactured  from  meat-tissue 
which  has  been  extracted  with  water  containing  a  high  amount  of  total 
solid  matter. 

For  meat-preserving  purposes  the  water  should  be  as  free  as  possible 
from  organic  matter,  iron  compounds,  and  suspended  solids.  For  fell- 
mongering  purposes  water  with  a  low  degree  of  hardness  is  desirable  ;  it 
should  be  free  from  undue  salinity. 

In  the  preparation  of  the  pelts  for  curing,  the  water  should  be  as  free 
as  possible  from  organic  matter.  Water  with  an  excessive  temporary 
hardness  should  be  avoided,  for  if  such  is  used  for  washing  the  limed  skins 
“  lime -blast  ”  is  liable  to  be  produced  in  consequence  of  the  deposition 
of  the  carbonates  of  lime  and  magnesia  in  the  pelt-fibres.  The  temporary 
hardness  in  water  used  for  this  purpose  can  be  eliminated  by  adding 
freshly  made  lime-water.  Waters  containing  an  excess  of  carbonate  of 
soda  also  tend  to  cause  “  lime-blast,”  and  chlorides  if  present  in  excess 
tend  to  prevent  the  swelling  of  the  hide  substance.  Iron  if  present  beyond 
a  trace  will  produce  a  decided  darkening  in  colour  of  the  pelt.  This 
darkening  may  not  be  very  noticeable  in  the  pickled  pelt,  but  when  the  skin 
is  subsequently  tanned  marked  darkening  will  be  manifest. 

Sewage.  (31,  44,  45,  50,  51,  53,  55.) 

Probably,  in  the  case  of  most  of  the  freezing-works,  direct  discharge 
into  the  nearest  body  of  water  is  the  commonest  method  of  sewage-disposal, 
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and  where  this  is  not  adopted  disposal  by  broad  irrigation  or  sewage 
farming  is  carried  out.  It  is  not  proposed  to  consider  here  the  methods 
of  sewage-disposal  as  practised,  but  to  indicate  the  nature  of  the  material 
constituting  the  sewage  from  a  factory  which  works  up  its  own  products 
and  by-products,  as  is  usually  done  in  this  country.  The  figures  quoted 
are  taken  from  results  obtained  in  this  country,  and  have  been  found  to 
agree  closely  with  those  recorded  for  Chicago  packing-house  sewage.  No 
figures  can  be  given  as  regards  the  volume  of  sewage  discharged  from 
New  Zealand  freezing-works,  but  it  is  of  interest  to  note  that  the  volume 
of  Chicago  packing-house  sewage  is  approximately  50,000,000  gallons  a 
day. 

Each  1,000,000  gallons  of  sewage  contains  50,6501b.  of  total  solid 
matter,  of  which  24,4101b.  is  organic  matter,  containing  total  nitrogen 
2,5601b.  and  fat  3,7201b.  It  is  thus  seen  that  the  normal  sewage  from  a 
freezing-works  is  composed  of  approximately  \  per  cent,  of  solid  matter. 
This  solid  matter  is  made  up  of  the  undigested  food  in  the  alimentary  tract  of 
the  slaughtered  animals,  the  floor-washings  of  all  departments,  the  washing- 
water  contents  from  fellmongering  operations,  the  lime,  and  the  scudding 
and  fleshing  residues  in  pelt  washing  and  curing,  the  sewage  of  employees 
on  the  factory,  bath-houses,  &c.  Before  discharge  a  considerable  portion 
is  passed  through  settling-tanks,  from  which  the  grease  is  skimmed. 

Numerous  attempts  have  been  made  to  recover  the  large  amount  of 
valuable  nitrogenous  and  fatty  matters  which  daily  are  lost  in  the  sewage, 
but  the  initial  difficulty — namely,  that  of  the  great  dilution,  and  the  com¬ 
paratively  large  amount  of  water  which  requires  to  be  treated  and  handled- — 
has  rendered  ineffectual  most  of  the  attempts  to  recover  the  solids  profit¬ 
ably.  The  only  successes  which  have  been  attained  so  far  have  been  in  the 
direction  of  handling  separately  the  more  concentrated  liquids,  recovering 
the  solids  from  these  alone,  and  allowing  the  more  dilute  portion  to  be 
discharged  in  the  usual  way. 

Recently,  however,  in  connection  with  the  handling  of  the  Chicago 
packing-house  sewage,  following  upon  the  successful  operations  which  have 
been  carried  out  in  the  treatment  of  sewage  by  what  is  known  as  “  treat¬ 
ment  by  the  activated-sludge  process,”  some  hope  is  given  that  a  solution 
of  the  problem  may  be  found.  The  essential  principles  of  activated-sludge 
treatment  may  be  briefly  stated  as  follows  :  The  process  involves  the  forced 
aeration  of  sewage  with  a  certain  volume  of  previously  aerated  or  activated 
sludge.  The  result  of  this  treatment  is  to  convert  the  suspended  solids 
into  a  flocculent  and  very  readily  settling  form,  and  to  oxidize  more  or  less 
completely  both  suspended  and  dissolved  organic  matters.  The  effluent 
after  the  settling-out  of  its  sludge  is  clear  and  highly  nitrified,  and  to  a  large 
extent  freed  from  sewage  bacteria.  The  sludge  is  high  in  water  content, 
but  rich  in  nitrogen.  The  Chicago  commissioners  who  investigated  the 
process  strongly  recommend  it  for  the  treatment  of  the  packing-house 
wastes,  and,  as  a  result  of  their  study  of  stockyards  sewage,  recommend 
quiescent  settling,  which  they  believe  will  concentrate  the  activated  sludge 
50  per  cent.,  filter  pressing  and  heat  drying  to  be  used  after  settling.  The 
estimated  cost  of  pressing  is  given  at  $5-72  per  dry  ton,  and  the  cost  of 
drying  $2*45  per  dry  ton.  The  figures  are  based  upon  the  use  of  Berrigan 
presses  (dewatering  to  75  per  cent,  moisture  content)  and  Ruggles-Coles 
direct-heat  dryers  (drying  to  10  per  cent,  moisture  content).  They  esti¬ 
mate  that  the  dried  sludge  will  average  5  per  cent,  ammonia,  and  will  be 
worth  $12  per  ton. 
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Chemical  Control.  (41,  48,  49,  52,  54,  56,  57.) 

This  aspect  of  the  subject,  while  not  strictly  coming  within  the  scope 
of  the  chemical  technology  of  the  frozen-meat  industry,  is  an  important 
factor  in  maintaining  efficiently  the  manufacturing  processes  of  the  in¬ 
dustry  so  that  the  quality  of  the  various  products  and  by-products  can 
be  kept  up  to  the  standard  and  uniformity  required.  Chemical  control 
also  scrutinizes  the  quality  of  supplies  purchased,  and  exercises  supervision 
in  regard  to  guarantees  made  covering  products  registered  under  legal 
enactment,  or  concerning  which  Government  regulations  have  prescribed 
standards  of  quality. 

Apart  from  the  analytical  work  for  the  control  of  products  and  supplies, 
the  field  covered  by  chemistry  in  the  frozen-meat  industry  is  indicated 
clearly  by  the  subject-matter  of  these  articles,  and  it  is  unnecessary,  there¬ 
fore,  to  refer  further  to  this  phase  of  the  subject. 

Conclusion. 

This  article  concludes  the  present  series,  but  at  a  later  date  it  may  be 
possible  to  review  further  any  developments  covering  the  chemical  tech¬ 
nology  of  one  or  more  of  the  various  branches  of  the  industry.  It  was 
pointed  out  in  the  introduction  that  no  discussion  of  details  or  methods 
of  working  was  contemplated,  but  in  the  course  of  writing  the  articles  it 
has  not  been  possible  to  adhere  strictly  to  this,  and,  consequently,  where 
any  suggestion  regarding  details  of  methods  has  been  referred  to  in  order 
to  illustrate  the  principle  involved,  it  should  be  understood  that  such  details 
do  not  apply  specifically  to  any  one  factory  or  group  of  factories. 
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THE  USE  OF  IMPOUNDING-DAMS  FOR  MULTIPLE 

FUNCTIONS. 

Bv  Arthur  D.  Mead.  B.E. 

A  dam  may  be  constructed  across  a  stream  for  any  of  several  purposes, 
such  as  city  water-supply,  improvement  of  navigation,  hydraulic  power, 
irrigation,  or  flood-prevention.  Dams  are  usually  costly  works,  and 
advantage  should  be  taken  of  favourable  conditions,  when  they  occur,  for 
more  than  one  function  to  be  fulfilled  by  the  same  structure.  The  present 
discussion  does  not  apply  to  projects  for  the  diversion  of  the  water  (city 
supply,  irrigation),  but  to  cases  in  which  the  water,  after  passing  through 
the  reservoir  and  attendant  works,  returns  to  the  stream  (power,  naviga¬ 
tion,  or  flood-control  schemes).  If  suitably  located  and  operated,  a  dam 
may  serve  no  less  than  five  functions.  By  virtue  of  its  height  the  dam 
provides — (1)  the  head,  either  wholly,  or  in  part  if  combined  with  a  natural 
fall  of  the  stream,  for  the  power  plant  ;  (2)  a  pool  of  deep  waiter  suitable 
for  navigation,  specially  useful  if  it  can  be  connected  by  a  flight  of  locks 
with  the  lower  navigable  course  ;  isolated  reaches  are  not  of  much  value 
for  water  traffic.  Its  storage  capacity  may  be  utilized  to  impound  water 
during  flood  and  release  it  in  the  dry  season,  thus  providing — (3)  additional 
power  ;  (4)  improved  navigation  of  the  down -stream  course  in  cases  where 
trouble  arises  from  shoals  in  dry  w'eather  ;  (5)  reduction  of  flooding  below 
the  dam. 

This  fivefold  effect  cannot  be  always  realized,  but  there  are  occasions 
when  two  or  more  functions  might  profitably  be  combined,  in  which  at 
present,  owing  to  the  lack  of  co-operation  between  various  river  activities, 
dams  are  constructed  which  can  serve  only  a  single  purpose.  The  view  is 
here  advanced  that  all  river-works  of  magnitude,  especially  if  undertaken 
by  the  State,  should  be  studied  from  the  wddest  viewpoint,  and  not  designed 
for  one  purpose  merely  ( e.g .,  hydro-electric  power). 

In  discussing  the  regulating  action  of  reservoirs  on  the  stream-flow  the 
following  constants,  &c.,  are  useful.  Capacity  of  reservoir  is  conveniently 
stated  in  equivalent  depth  of  wrater  in  inches  on  the  catchment  area,  thus 
preserving  the  relation  between  watershed  area,  rainfall,  and  storage 
capacity.  Volume  in  cubic  feet  may  be  obtained  by — Capacity  (inches) 
X  catchment  area  (square  miles)  X  2,323,200.  Stream-gaugings  are  usually 
stated  in  cubic  feet  per  second  (cusecs).  A  useful  unit  of  quantity  of  water 
passing  down  a  stream  is  one  day’s  flow  at  the  rate  of  one  eusec,  w'hich  is 
86,400  cubic  feet.  Each  inch  of  rain  per  annum  running  off  a  square  mile 
of  catchment  produces  a  theoretical  flow  of  0-0736  cusec  at  100  per  cent, 
run-off. 

At  any  given  site  in  a  valley  of  ordinary  shape  the  length  and  wfidth 
both  of  the  reservoir  and  of  the  dam  are  roughly  proportional  to  the  height 
of  the  dam,  so  that  the  volume  of  the  reservoir  and  of  the  masonry  in  the 
dam  (considered  as  an  ordinary  gravity  structure)  are  proportional  to  the 
cube  of  the  height.  Topography  naturally  produces  variation  in  individual 
cases,  but  the  rule  may  be  taken  as  sufficiently  close  for  theoretical  dis¬ 
cussion.  It  may  be  stated  :  Volume  of  water  in  reservoir  =  KH3,  volume 
of  masonry  in  dam  £H3,  where  K  and  h  are  constants  applicable  to  a 
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particular  site.  They  will,  of  course,  vary  enormously  for  different  sites. 
The  volume  ratio  K  -y  k  is  a  useful  criterion  of  the  value  of  a  site,  a  high 
value  being  favourable,  and  vice  versa.  If  a  trial  survey  gives  a  figure  of 
500  or  over,  full  investigation  would  usually  be  warranted. 

When  a  shallow  stream  is  improved  for  navigation  by  weirs  and  locks, 
without  any  consideration  of  the  use  of  the  structures  for  other  purposes, 
it  may  be  shown  that  the  most  economical  development  is  obtained  by  a 
succession  of  quite  low  weirs  ;  for  the  cost  of  a  weir  is  in  proportion  to 
some  power  of  its  height,  while  the  length  of  the  reach  formed  by  the  weir 
is  proportional  to  its  height  merely.  Thus  suppose  a  length  of  M  miles 
falling  uniformly /feet  per  mile  to  be  deepened  by  a  series  of  n  weirs  (fig.  1). 
Let  a  =  natural  depth,  and  6  =.  required  depth  of  water,  c  =  height  of 
backwater  curve  due  to  sensible  velocity  in  upper  part  of  reach,  and  x  =  fall 
in  the  bed  in  one  reach  from  weir  to  weir.  Then  H,  the  height  by  which 

M  f 

the  vTater-levei  is  raised  at  the  weir,  =  x  +  b  —  e  —  a,  and  n  —  — .  In 

x 

broad  shallow  streams  with  well-defined  banks  the  length  of  a  low  weir  is 
not  much  altered  by  variations  of  its  height,  and  so  the  cost  is  proportional 
to  the  square  rather  than  to  the  cube  of  the  height,  up  to  a  certain  point. 
Approximately,  therefore,  the  cost  of  each  weir  =  MI2,  and  the  cost  of  the 

M  f 

whole  improvement  =  nJcH2  =  Jc —  ( x  +  b  — c  — a)2.  By  differentiating 

and  equating  to  zero  the  cost  is  a  minimum  when  x  —  b  —  c  —  a,  giving 
H  =  2x  and  height  of  lift  at  weir  =  H  +  a  —  b.  For  river-barge  work 
a  suitable  value  of  b  is  5  ft. ;  if  in  a  particular  instance  a  is  2  ft.  and  /  is  4  ft. 
per  mile,  c  will  be  about  0*2  ft.  ;  then  x  —  2-8,  H  =  5-6,  and  lift  of  lock 
2-6  ft.  By  trial  of  other  values  of  x,  however,  it  is  seen  that  there  is  not 
much  variation  in  cost  until  x  is  more  than  double  the  value  obtained  by 
differentiating  ;  and,  as  practical  considerations  are  in  favour  of  the  higher 
figure,  let  x  be  taken  as  5*6,  when  H  =  8-4  and  lift  of  lock  5*4  ft.  In 
England  higher  weirs  than  6  ft.  or  8  ft.  can  seldom  be  adopted  without 
embanking  the  rivers  to  prevent  flooding  of  adjoining  plains,  but  in  New  Zea¬ 
land,  where  many  of  our  rivers  are  deeply  entrenched,  it  will  often  be 
advantageous  to  use  higher  weirs  and  gain  the  benefit  of  longer  reaches  and 
less  frequent  locks. 

When  the  summer  flow  is  so  small  as  to  be  negligible,  a  and  a  are  zero, 
and  the  cost  is  a  minimum  when  x  =  b  :  that  is,  the  lift  at  each  lock  is 
equal  to  the  required  depth  of  water.  Here  again  there  is  very  little 
increase  of  cost  until  x  =  26. 

When  the  question  of  utilizing  the  weirs  for  power-production  is  intro¬ 
duced,  on  the  basis  of  the  summer  flow  without  storage,  their  initial  cost 
is  again  least  when  they  are  low  and  numerous,  seeing  that  the  power  given 
by  each  is  proportional  to  its  height,  while  the  cost  varies  as  the  square  or 
cube  of  the  height.  But  the  economics  of  power  plant  and  operation 
strongly  favour  reducing  the  number  and  increasing  the  height  of  dams, 
and  in  any  case  a  height  would  be  adopted  which  would  permit  the  turbines 
and  generators  to  be  direct-connected  without  resort  to  extremes  of  design 
— say,  not  less  than  30  ft. 

If  now  the  utilization  of  the  storage  capacity  provided  by  the  dam  be 
taken  into  consideration,  the  economic  height  to  which  a  darn  on  any  given 
site  may  be  built  is  likely  to  be  largely  increased,  seeing  that  capacity  and 
cost  are  (roughly  speaking)  simply  proportional.  Also,  the  relative  capacity 
to  be  obtained  at  different  sites  varies  so  considerably  that  it  will  generally 
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pay  to  develop  the  most  favourable  site  to  its  practical  limit  before  beginning 
work  on  the  next  one.  The  provision  of  storage  will,  moreover,  modify 
the  site  of  river-works,  as  by  its  augmentation  of  the  summer  flow  it  may 
render  unnecessary  the  locking  of  the  lower  portion  of  the  stream,  and  in 
general  it  may  be  said  that  the  most  suitable  position  for  a  multiple  - 
function  dam  is  likely  to  be  towards  the  upper  reaches  of  a  river,  so  that 
it  will  extend  the  navigable  length  to  the  greatest  extent. 

The  theory  of  the  regulation  of  stream-discharge  by  reservoirs  may  be 
approached  thus  :  Suppose  that  a  stream  has  been  gauged  continuously 
for  a  period  of  many  years  and  its  mean  flow  ascertained,  and  that  a  dam 
can  be  erected  of  sufficient  storage  capacity  completely  to  balance  the 
variations  of  inflow.  The  dam  may  be  assumed  to  have  a  self-adjusting 
orifice  set  to  discharge  at  the  rate  of  the  mean  stream-flow.  The  action 
of  such  a  dam  would  be  perfect  as  regards  the  down-stream  course  of  the 
river  in  respect  to  both  navigation  and  flood-prevention,  but  the  power 
available  from  the  dam  will  vary  owing  to  the  drawing-down  of  the  water- 
level  in  a  dry  season,  and  the  navigation  of  the  upper  reaches  of  the  reservoir 
would  suffer  from  the  same  cause.  In  short,  ideal  perfection  is  unattain¬ 
able,  though  the  loss  of  a  certain  amount  of  power  in  late  summer  is  partly 
offset  by  the  reduced  lighting  and  heating  load  on  electrical  circuits  at 
this  time. 

Practically,  the  cost  of  the  large  reservoirs  required  to  effect  complete 
regulation  would  be  prohibitive,  even  if  sites  having  the  necessary  storage 
could  be  found,  and  it  is  necessary  to  ascertain  the  best  method  of  utilizing 
a  reservoir  of  much  smaller  capacity.  Suppose  that  the  orifice  were  set 
at  the  same  discharge-rate  as  before  (the  mean  stream-flow),  this  smaller 
reservoir  will  fail  both  in  times  of  heavy  rain  and  of  drought— that  is, 
excessive  floods  will  overtop  the  weir — and  the  reservoir  will  run  dry 
in  every  abnormally  dry  season,  allowing  the  discharge  to  fall  to  the 
unregulated  flow  of  the  stream.  According  to  the  main  purpose  in  view, 
the  orifice  area  may  be  changed  in  either  of  two  ways.  It  may  be  set  at 
an  ascertained  higher  discharge-rate,  which  will  just  prevent  the  tnaximum 
flood  from  overtopping  the  weir,  and  the  dam  will  then  hdve  its  greatest 
value  for  flood-prevention,  but  it  is  easily  seen  that  in  this  chse  its  value 
for  power  and  navigation  is  much  reduced,  as  it  will  be  efnffly  during 
considerable  periods  in  dry  weather ;  or  the  orifice  may  be  feet  at  a  lower 
discharge -rate,  which  the  reservoir  is  just  capable  of  mairltJifiing  through 
the  driest  season  on  record.  This  is  the  value  of  most  interest  to  power  and 
navigation  schemes — here  called  the  “  perennial  }deld.” 

The  relation  of  the  two  discharge -rates  to  the  reseTVoir-bapacity  is 
illustrated  in  fig.  2,  which  is  calculated  from  the  gaugings  of  a  small  stream 
near  Auckland*  having  a  catchment  area  of  3f  square  miles  with  a  mean 
annual  rainfall  of  about  65  in.  Although  these  curves  would  not  be  directly 
applicable  to  watersheds  of  other  areas  or  conditions,  their  general  form 
should  be  similar  in  all  cases.  There  are  certain  points  of  particular  interest 
on  the  perennial-yield  curve.  It  is  probable  that  this  curve  is  asymptotic, 
never  quite  reaching  the  mean  stream-flow,  owing  to  long-period  variations 
of  climate,  but  for  practical  purposes  it  may  be  said  that  full  regulation 
is  obtained  with  a  reservoir  of  about  30  in.  capacity,  as  defined  on  page  165. 
A  capacity  of  15  in.  will  make  available  the  whole  stream-flow  during  the 
three  driest  years  in  succession,  approximately  three-quarters  of  the  mean 


*  The  gaugings  of  this  stream  (the  Nihotupu)  are  used  only  to  illustrate  the 
method  of  calculation.  It  is  not  suggested  that  this  stream  is  suitable  for  purposes 
other  than  city  water-supply. 
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stream-flow ;  this  is  the  capacity  which  is  usually  considered  desireable  in 
city  water-supply  schemes  supplied  from  upland  watersheds.  A  capacity 
of  6  in.  or  7  in.  will  balance  the  flow  of  the  driest  year,  giving  a  yield 
rather  over  half  the  mean  stream -flow  in  the  climatic  conditions  of  the 
Auckland  Province.  With  the  still  smaller  capacities  which  would  pro¬ 
bably  be  obtainable  in  practice,  natural  storage  begins  to  play  a  considerable 
part,  and  no  general  results  can  be  stated.  It  is  instructive  to  note  the 
considerable  improvement  on  the  minimum  flow  of  the  stream  shown  by 
quite  small  reservoirs  of  1  in.  or  2  in.  capacity. 

The  yield  at  zero  capacity  is,  of  course,  the  minimum  dry- weather  flow 
of  the  stream  ;  as  it  depends  entirely  on  natural,  storage,  it  will  differ  pro¬ 
foundly  for  different  classes  of  country.  Natural  storage  is  provided  by  the 
porosity  of  the  soil  and  substratum,  forest,  swamps,  crops  and  cultivated 
areas,  and  occasionally  lakes.  The  pumice  area  of  the  central  portion  of 
the  North  Island  is  an  instance  of  splendid  natural  storage,  and  consequent 
uniformitv  of  stream-flow  :  while  the  clav  hills  of  North  Auckland  are 
examples  of  the  opposite  extreme,  where  rains  descend  in  short  heavy  floods, 
and  a  few  weeks  of  drought  reduce  the  streams  to  mere  trickles. 

The  relation  between  capacity  and  yield  is  easily  calculated  from  a  table 
of  stream-gaugings  extending  over  a  sufficient  period  of  time.  A  method 
of  calculation  is  indicated  in  Appendix  I.  The  accuracy  of  the  result 
depends  on  the  completeness  of  the  information  at  disposal.  The  ideal 
would  be  a  complete  series  of  stream-gaugings  extending  over  a  sufficiently 
long  period  of  years  to  include  all  possible  climatic  variations.  If  the 
period  were  twenty  years  the  result  should  be  correct  within  4  per  cent. 
In  practice  the  calculation  will  usually  have  to  be  made  from  infor¬ 
mation  which  can  be  gathered  in  a  year  or  two. 

Let  a  stream-gauge  be  established  at  the  site  of  the  proposed  dam  and 
read  continuously  by  means  of  an  automatic  recorder,  or  else  sufficiently 
often  to  give  a  true  record  of  the  stream-flow — say,  daily  in  normal  con¬ 
ditions  and  more  frequently  in  floods.  A  complete  year’s  record,  from  one 
wet  season  over  the  dry  period  to  the  next  wet  season,  will  permit  the 
determination  of  the  yield  of  any  reservoir  up  to  6  in.  of  capacity.  This 
yield  will  apply  to  that  particular  year  only,  and  must  be  reduced  to  obtain 
the  probable  yield  of  a  year  of  minimum  rainfall.  If  there  is  a  rain-gauge 
station  in  the  vicinity,  or  situated  where  the  climatic  conditions  are  reason¬ 
ably  similar  to  those  of  the  watershed  under  test,  providing  rainfall  records 
covering  twenty  or  thirty  years,  let  the  rainfall  (R  inches)  during  the 
twelve  months  of  the  test  and  the  minimum  recorded  fall  (r  inches)  for  any 
consecutive  twelve  months  be  ascertained.  Then  the  true  perennial  yield  (y) 
of  any  reservoir  may  be  deduced  from  the  calculated  yield  (Y)  by  some 
such  relation  as 

y  __  rj-_c 

Y  ~~  ll~-  c 

where  c  is  a  constant  representing  loss  by  evaporation,  &c.,  and  is  usually 
between  14  in.  and  20  in.  If  the  watershed  is  compact  and  does  not  con¬ 
tain  large  variations  of  topography  a  tolerably  accurate  mean  value  of  the 
rainfall  on  it  may  be  obtained  from  several  judiciously  placed  rain-gauges, 
when  an  alternative  value  for  the  constant  c  may  be  obtained  directly 
from  a  comparison  of  the  stream  and  rain  gaugings.  In  any  case,  a  con¬ 
siderable  margin  of  possible  error  must  be  allowed  in  deductions  based  on 
the  observations  of  a  single  year,  unless  it  fortunately  happened  to  be  an 
exceptionally  dry  one. 

In  some  instances  the  information  immediately  available  may  com¬ 
prise  the  area  of  catchment,  the  mean  annual  rainfall,  and  a  low  summer 
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gauging.  (It  is  perhaps  hardly  necessary  to  give  a  word  of  caution  against 
accepting  any  gauging  as  being  the  minimum  stream-flow  unless  it  is  known 
#to  have  been  taken  during  a  period  of  extreme  drought ;  the  low- water 
flow  of  an  average  summer  may  be  more  than  double  the  true  minimum.) 
An  attempt  to  make  the  curve  of  fig.  2  generally  applicable  leads  to  the 
expression 


Y  = 


R  -  15 
70_ 


\/  x  +  a 


Where  Y  =  perennial  yield  (cusecs  per  square  mile  of  catchment)  ; 

R  -  mean  annual  rainfall  (inches)  ; 
x  —  storage  provided  by  dam  (inches) — i.e., 
storage  capacity  (cubic  feet) 

2,323,200  X  catchment  (square  miles)  ’ 
a  =  natural  storage,  computed  by  putting  x  zero  and  Y  the 
minimum  gauging. 

As  this  formula  has  not  yet  been  tested  on  any  other  watershed  no 
accuracy  is  claimed  for  it,  but  it  may  be  useful  for  a  preliminary  estimate  to 
indicate  whether  a  proposal  is  worth  further  investigation.  It  must  not  be 
used  for  values  of  x  +  a  exceeding  20. 

When  finally  ascertained  the  “  perennial  yield  ”  represents  the  rate 
at  which  water  may  be  drawn  continuously  from  the  reservoir  without  risk 
of  failure  in  a  dry  season,  and  would  be  adopted  for  practical  operation  of 
a  scheme  devised  in  the  joint  interests  of  power  and  navigation.  A  certain 
amount  of  relief  from  flooding  would  also  result  as  a  “  by-product,” 
becoming  more  complete  as  the  capacity  of  the  reservoir  approached 
the  ideal. 

Actually  the  rate  of  draw-off  will  not  be  uniform,  but  will  vary  during 
the  day  in  accordance  with  the  load  curve  on  the  power  plant.  For  a  load 
factor  of  50  per  cent,  the  maximum  flow  of  the  stream  will  be  double,  and 
the  mean  rate  during  working-hours  about  one  and  three-quarter  times 
the ■“  perennial  yield,”  but  it  will  drop  between  midnight  and  early  morning 
to  perhaps  a  fifth  of  the  mean  value.  These  variations  require  the  pro¬ 
vision  of  a  storage,  for  typical  load  curves,  of  seven  or  eight  hours’  mean 
discharge,  which  must  be  deducted  from  the  reservoir-capacity  before  com¬ 
puting  the  seasonal  regulation.  Usually  the  loss  is  scarcely  appreciable, 
and  of  more  importance  is  the  effect  on  navigation  below  the  power-station. 
As  river  traffic  usually  prefers  daylight,  the  variation  in  flow  should  be 
favourable — at  any  rate,  for  a  moderate  distance  down-stream — by  pro¬ 
viding  greater  depth  of  water  during  working-hours ;  but  the  storage  action 
of  the  pools,  bays,  and  backwaters  of  a  natural  stream  will  probably  wipe 
out  the  “  load  wave  ”  before  it  travels  many  miles. 

In  conjunction  with  river- works  the  preservation  of  natural  storage  is 
highly  important,  both  to  maintain  the  yield  and  to  prevent  the  filling-in 
of  reservoirs  by  the  debris  of  erosion.  Afforestation  of  mountainous  areas 
and  deep  cultivation  and  terracing  of  farm  lands  are  to  be  encouraged, 
and  the  draining  of  swamps  and  lakes  of  the  upper  watershed  treated  with 
suspicion.  It  is  occasionally  proposed  to  “  regulate  ”  lakes  by  works  designed 
to  prevent  their  seasonal  changes  of  levels.  Such  a  policy  would  be  dis¬ 
astrous  as  regards  the  regulation  of  the  outflowing  streams,  as  it  is  the 
variation  in  lake-level  which  acts  so  beneficially  in  equalizing  the  stream- 
flow. 
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In  concluding,  the  writer  expresses  the  hope  that  this  theory  of  the 
multiple-function  dam  will  be  considered  worthy  of  test  on  several  of  our 
rivers  ( e.g .-,  Waikato,  Wanganui,  Waihou,  and  others)  in  which  at  present 
the  various  problems  of  navigation,  power,  and  flooding  are  being  tackled 
separately  without  attempt  at  co-operation.  The  organization  suggested 
is  a  river  authority  for  each  watershed,  having  a  certain  measure  of  control 
over  all  works  which  may  affect  stream-flow  ;  and  the  immediate  duty  of 
the  authority  would  be  to  conserve  the  natural  storage,  and  to  establish 
gauge-stations  at  suitable  points  in  order  to  obtain  accurate  data  for  design 
of  future  works. 


APPENDIX  I.— CALCULATION  OF  PERENNIAL  YIELD. 

The  daily  gaugings  are  tabulated,  a  rate  of  daily  draw-off  assumed,  and 
the  difference  added  to  or  deducted  from  the  quantity  in  the  reservoir  from 
day  to  day.  The  volume  of  full  reservoir  is  taken  as  zero,  and  the  greatest 
deficiency  represents  the  required  storage.  For  small  reservoirs  there  is  no 
need  to  analyse  the  whole  of  the  gaugings  ;  inspection  will  reveal  the  periods 
of  low  water  when  the  reservoir  would  be  taxed,  and  calculation  may  begin 
from  a  slightly  antecedent  date  when  it  was  obviously  full.  The  gaugings 
here  used  are  those  of  the  Nihotupu  Stream,  from  which  fig.  2  was  calculated, 
and,  the  unit  of  quantity  is  the  day’s  flow  at  1  cusec.  To  save  unnecessary 
arithmetic,  when  the  flow  is  low  and  uniform  it  is  summed  in  periods  of 
ten  days.  The  minimum  recorded  flow  is  2-1  cusecs,  and  the  mean  about 
14  cusecs.  By  inspection  of  available  gaugings  the  longest  dry  period 
occurred  in  autumn  of  1919,  and  the  reservoir  would  be  full  till  about  the 
end  of  February. 

To  calculate  capacity  required  to  yield  3  cusecs  : — 


1. 

Date. 

1919. 

2. 

Flowing 

in. 

3. 

Drawn 

out. 

4. 

Gain  or 
Loss. 

5. 

Quantity  in 
Reservoir. 

l. 

Date. 

1919. 

2. 

Flowing 

in. 

3. 

Drawn 

out. 

4. 

Gain  or 
Loss. 

5. 

Quantity  in 
Reservoir. 

Feb.  25 

3-2 

3-0 

+  0-2 

Overflows. 

April  4 

3-0 

3-0 

0-0 

-  1-2 

26 

3-0 

3-0 

0-0 

Full. 

5 

3-2 

3-0 

+  0-2 

-  1-0 

27 

30 

3-0 

0-0 

6 

3-0 

3-0 

0-0 

-  1-0 

28 

3-0 

3*0 

0-0 

9  9 

7-16 

24-4 

30-0 

—  5*6 

-  6-6 

Mar.  1  . 

2-6 

30 

-  0-4 

-  0-4 

17-26 

22*7 

30-0 

-  7-3 

-  13-9 

2-11 

24-3 

30-0 

-  5-7 

-  6-1 

27 

21 

3-0 

-  0-9 

-  14-8 

10-21 

24-3 

30-0 

-  5-7 

-  11-8 

28 

2-4 

3-0 

-  0-6 

-  14-4 

22 

3-5 

3-0 

+  0-5 

-  11-3 

29 

41 

3-0 

+  11 

-  14  3 

23 

41 

3-0 

+  1-1 

-  10-2 

30 

4-5 

3-0 

+  1-5 

-  12  8 

24 

3-2 

3-0 

+  0-2 

-  10-0 

May  1 

3-0 

30 

0-0 

-  12-8 

25 

2-8 

3-0 

-  0-2 

-  10-2 

■  2-11 

24-2 

30-0 

-  5-8 

-  18-6 

26 

7-3 

3-0 

+  4-3 

-  5-9 

12 

.  2-2 

3-0 

-  0-8 

-  19-2 

27 

8-8 

3-0 

+  5-8 

-  01 

13 

2*2 

3-0 

-  0-8 

-  20-0 

28 

4-5 

.  3-0 

+  1-5 

Overflows. 

14 

2-2 

3-0 

-  0-8 

-  20-8 

29 

3-5 

3-0 

+  0-5 

99 

15 

21 

3-0 

-0-9 

-  21-7 

30 

3-2 

3-0 

+  0-2 

16 

21 

3-0 

-  0-9 

-  22-6 

31 

3-0 

3-0 

0-0 

Full. 

17 

21 

3-0 

-  0-9 

-  23-5 

April  1 

2-6 

3-0 

-  0-4 

-  0-4 

18 

13-0 

3-0 

+  10-0 

-  13-5 

2 

2-6 

3-0 

-  0-4 

-  0-8 

19 

100-0 

3-0 

+  97-0 

Overflows. 

3 

2-6 

30 

1 

-  0-4 

-  12 

i 

20 

162-0 

3-0 

!  +  159-0 

99 

The  reservoir  is  at  its  lowest  on  May  17.  The  required  capacity  is 
23-5  X  84,400  =  2,030,000  cubic  feet,  equivalent  in  this  case  to  0-24  in 
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on  the  watershed.  By  taking  a  yield  of  4,  5,  6,  &c.,  cusecs  successively  in 
column  3  a  series  of  points  on  the  curve  of  perennial  yield  are  obtained. 
A  longer  period  of  gaugings  must  be  examined  in  each  case. 


APPENDIX  II.— ECONOMIC  CAPACITY  OF  RESERVOIRS. 

It  is  obvious  that  on  any  given  area  a  large  reservoir  produces  a  pro¬ 
portionally  less  improvement  in  stream-flow  than  a  small  one — that  is, 
successive  increments  of  capacity  effect  diminishing  increments  of  yield. 
The  problem  is  somewhat  similar  to  that  known  to  economists  as  the  “  law 
of  diminishing  returns  ”  in  agriculture,  and  the  point  to  which  development 
should  be  carried  is  that  at  which  the  enterprise  is  just  able  to  return  revenue 
sufficient  to  balance  all  its  charges.  To  obtain  a  diagrammatic  illustration, 
assume  a  watershed  giving  a  yield  curve  similar  to  fig.  2,  and  consider  in  the 
first  instance  that  the  total  cost  of  a  scheme  is  simply  proportional  to  the 
volume  of  masonry  in  the  dam — that  is,  to  the  cube  of  its  height.  The 
power  supplied  (if  the  dam  provides  the  whole  of  the  head)  is  proportional 
to  the  product  of  the  height  of  the  dam  and  the  yield.  Consider  the  height 
and  cost  of  a  dam  of  1  in.  capacity  as  unity,  and  tabulate.  The  effect  of 
capacity  on  the  relative  return  of  power  to  be  obtained  for  a  given  cost  is 
shown  in  column  6,  plotted  in  fig.  3,  curve  A. 


1. 

Capacity. 

2. 

Height. 

3. 

Yield. 

4. 

Power. 

5. 

Cost. 

6. 

Power 

7. 

Cost. 

8. 

Power 

Cost. 

Cost. 

0-5 

0-79 

0-77 

0-61 

0-5 

1-22 

: 

1-5 

0-41 

1 

1-00 

1-00 

1-00 

1 

1-00 

2 

0-50 

2 

1-26 

1-25 

1-58 

2 

0-79 

3 

0-53 

3 

1-44 

1-48 

2-13 

3 

0-71 

4 

0-53 

4 

1-59 

1-65 

2-62 

4 

0-65 

5 

0-52 

6 

1-82 

1-98 

3-60 

6 

0-60 

7 

0-51 

8 

2-00 

2-26 

4-52 

8 

0-58 

9 

0-50 

10 

2-15 

2-47 

5-31 

10 

0-53 

11 

0-48 

15 

2-47 

2-89 

7  13 

15 

0-48 

16 

0-45 

20 

2-71 

3-22 

8-73 

20 

0-44 

21 

0-42 

This  illustrates  the  law  of  diminishing  returns  very  effectively,  but  the 
accuracy  of  the  assumptions  may  be  improved.  The  cost  of  hydraulic  plant 
is  not  quite  proportional  to  the  power,  but  is  approximately  aP  +  b,  where 
P  is  horse-power  and  a  and  b  are  constants.  The  term  aP  does  not  influence 
the  economic  limit  of  construction,  provided  that  a  market  is  available  for 
all  the  power  generated,  and  so  it  may  be  neglected.  In  b  are  to  be  included 
all  items  of  cost  which  do  not  vary  with  the  capacity,  e.g.,  constructional 
tram-lines,  and  so  it  may  be  of  some  magnitude.  Taking  b  as  equal  to  the 
cost  of  a  dam  of  1  in.  capacity,  the  power  y-  cost  ratio  in  column  8  and 
curve  B  is  obtained,  showing  a  well-defined  maximum.  This  might  appear 
to  be  the  correct  point  of  development.  In  a  work  undertaken  in  the  national 
interest  a  larger  dam,  although  it  would  return  a  smaller  percentage  of 
profits,  might  still  show  a  credit  balance  and  therefore  be  justified.  This 
limit  is  clearly  much  higher  if  part  of  the  cost  of  the  work  can  be  credited 
to  navigation  and  flood-prevention  than  if  undertaken  for  power  alone. 


1921.]  Birks  and  Bates. — Annual  Rainfall  Fluctuations. 
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ANNUAL  RAINFALL  FLUCTUATIONS. 

By  L.  Birks.  B.Sc.,  and  D.  C.  Bates. 

There  are  several  important  industries,  particularly  fanning  and  the 
production  of  hydro-electric  power,  in  which  the  question  of  the  probable 
annual  fluctuations  in  the  rainfall  are  of  the  utmost  importance.  In  the 
case  of  the  farmer,  he  stands  to  lose  a  large  value  of  his  product  if  the 
rainfall  drops  for  the  season  below  a  certain  minimum  or  if  it  rises  above 
a  certain  maximum,  and  in  forecasting  the  prospects  of  his  returns  and 
in  determining  the  amount  of  the  fund  which  he  must  maintain  in  liquid 
form  to  cover  a  bad  year  he  has  to  decide  in  his  own  mind  what  are  his 
chances  of  loss  from  these  causes.  The  engineer  responsible  for  the  design 
of  hydro-electric  works  is  required  to  provide  storage  suitable  for  carrying 
supply  over  the  year  of  lowest  rainfall,  or  else  is  required  to  expend 
additional  capital  in  seeking  another  more  distant  or  otherwise  more 
expensive  water-power  site,  or  in  the  installation  of  fuel-reserve  plants. 
In  order  to  determine  whether  such  additional  capital  expenditure  is 
justified  he  must  again  assume  some  frequency  at  which  the  years  of 
reduced  rainfall  are  likely  to  occur,  and  the  expenditure  of  very  large  sums 
will  depend  upon  the  assumption  made.  In  both  cases  the  forecast  of  the 
future  must  still  remain  merely  a  working  hypothesis,  and  no  meteorological 
skill  is  likely  to  enable  a  definite  forecast  of  this  description  to  be  based 
upon  any  scientific  determination  of  what  will  actually  occur  in  the  future. 
But  the  most  that  can  be  done,  and  the  least  that  should  be  done,  towards 
making  such  an  estimate  is  to  review  carefully  what  has  occurred  in  the 
past,  and  with  this  object  a  preliminary  analysis  has  been  made  of  the 
records  available  in  New  Zealand. 

The  matter  has  been  brought  to  our  notice  recently  very  forcibly  by 
the  period  of  three  years  of  deficient  rainfall  in  many  parts  of  New 
Zealand,  which  has  been  broken  by  this  winter’s  rains.  As  a  result  of 
this,  combined  with  a  drop  in  the  market  prices  for  wool  and  meat,  many 
sheep-farmers  have  had  to  meet  very  serious  losses  this  year,  which  would 
have  been  much  less  serious  had  the  rainfall  last  summer  been  normal. 
And  at  the  same  time  many  rivers  which  have  been  considered  good  for 
substantial  hydro-electric-power  developments  have  fallen  so  low  that  the 
estimates  of  the  power  available  have  had  to  be  entirely  recast.  The 
subject  of  the  probable  frequency  of  future  recurrence  of  such  periods 
of  low  rainfall  is  thus  obviously  of  the  utmost  importance. 

For  the  past  fifty  years,  since  the  establishment  of  the  Meteorological 
Department,  these  records  have  been  excellently  kept  for  a  number  of 
stations  throughout  the  Dominion  under  various  geographical  and  climatic 
conditions.  But  the  only  figures  available  for  a  more  extended  period 
are  those  of  the  rainfall  in  Auckland,  Wellington,  and  Dunedin.  In 
Auckland  the  records  go  back  to  1853,  and  have  been  continuous  since 
then,  a  period  of  sixtv-eight  years.  In  Wellington  the  records  have  been 
continuous  since  1863,  a  period  of  fifty-eight  years.  In  Dunedin  records 
are  available  since  1855,  but  have  been  continuous  only  since  1863,  a 
period  of  fifty-eight  years.  In  Hokitika  the  records  have  been  taken 
since  1866,  but  are  only  continuous  since  1894,  a  period  of  twenty-seven 
years.  Records  have  been  kept  for  other  stations  for  lesser  periods. 

Taking  first  the  three  stations  for  which  the  longest  records  are  avail¬ 
able— viz.,  Auckland,  Wellington,  and  Dunedin- -fig.  1  gives  a  graphical 
record  of  returns  from  these  stations  for  the  last  fifty-eight  years,  showing 
the  fluctuations  from  year  to  year.  The  average  rainfall  over  the  whole 
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period  yields  a  rather  unexpected  result,  as  follows:  Auckland,  43*87  in. ; 
Wellington,  48*57  in.  ;  Dunedin,  38-07  in. 


Coming  now  to  the  question  of  the 
the  results  have  been  fully  analysed  i 
centages — 10,  20,  30,  and  40  per  cent. — 
of  excess  and  of  deficiency  in  rainfall 
have  been  determined  (Table  I).  These 
results  can  either  be  expressed  as  a 
frequency  of  occurrence  of  such  excess 
or  deficiency  per  century,  or  as  the 
average  cycle  or  period  of  years  which 
has  elapsed  between  the  occurrence  of 
such  years  of  deficiency  or  excess.  For 
practical  purposes  the  latter  method  of 
expression  is  the  most  useful,  as  it  pro¬ 
vides  a  number  of  years  within  which 
the  necessary  financial  provision  for 
such  lean  or  excess  year  has  been  neces¬ 
sary  in  the  past.  Table  I  gives  mean 
cycles  of  years,  which  are  obtained  by 
dividing  the  whole  period  by  the  fre¬ 
quency  of  the  occurrence  of  a  rainfall 
of  various  percentages — 10,  20,  30;  and 
40  per  cent.— above  and  below  the 
average  rainfall  for  each  place.  Thus 
in  Auckland  the  rainfall  has  exceeded 
30  j^er  cent,  above  the  average  six  times 
in  the  sixty-eight  years  :  that  is  to  say, 
the  mean  cycle  of  30  per  cent,  excess 
rainfall  is  11-3  years  for  Auckland. 
Similarly,  the  mean  cycles  of  30  per 
cent,  deficiency  below  the  average  rain¬ 
fall  for  Auckland  has  been  22-6  years, 
the  rainfall  less  than  this  having  occur¬ 
red  in  only  three  years  out  of  the  sixtv- 
eight.  Averaging  the  corresponding 
cycles  for  each  of  the  three  stations,  we 
find  that  an  excess  of  30  per  cent,  has 
occurred  on  the  average  in  the  three 
places  on  a  cycle  of  12-5  years,  and  a 
deficiency  of  30  per  cent,  below  the 
average  rainfall  has  occurred  on  an 
average  cycle  of  16-2  years,  and  an  ex¬ 
cess  of  40  per  cent,  above  the  average 
has  occurred  on  a  mean  cycle  for  the 
three  stations  of  51-7  years.  These 
figures,  of  course,  refer  only  to  the 
past,  but  as  referring  to  the  past  they 
are  quite  definite.  They  do  not  mean, 
of  course,  that  a  deficiency  in  the 
future  of  30  per  cent,  is  going  to  occur 
only  once  in  16-2  years  or  at  an  inter¬ 
val  of  16-2  years.  Such  deficiency  may 
occur  at  a  very  much  shorter  inter¬ 
val,  or  even  in  consecutive  years,  in 
the  future.  But  with  the  actual 
figures  of  the  past  before  him  it  will 
be  possible  for  the  farmer  or  the 


annual  fluctuations  of  these  figures, 
nd  the  frequencies  of  various  per- 
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engineer  to  make  his  own  forecast  of  the  future  more  intelligently  than 
without  them,  and  the  figures  therefore  have  this  amount  of  value. 

These  figures  being  based  only  on  annual  rainfall  fluctuations,  care 
must  be  taken  not  to  use  them  in  any  way  in  connection  with  flood- 
occurrences  or  temporary  droughts  lasting  only  for  a  short  period  of  the 
year.  The  frequency  of  the  occurrence  of  such  events  in  the  past  can 
be  determined  only  by  a  much  fuller  investigation  of  the  figures  for  much 
shorter  intervals  than  the  yearly  periods. 

Kg.  2  gives  the  records  available  for  five  other  stations,  eight  in  all, 
for  the  past  thirty  years,  to  which  similar  principles  might  be  applied,  but 
owing  to  the  short  period  for  which  records  are  available  in  these  additional 
cases  the  results  would  not  have  the  same  value. 

As  far  as  these  figures  go,  the  amount  of  the  annual  rainfall  is  apparently 
quite  erratic,  and  follows  no  cyclic  variation.  But  in  other  places  the 


eleven-year  sun-spot  cycle  is  distinguishable,  and  even  a  three-year  cycle. 
Before  this  can  be  definitely  determined  under  local  circumstances  a  much 
fuller  investigation  will  be  required,  which  it  is  hoped  will  be  undertaken 
in  due  course.  For  this  purpose  shorter  periods  should  be  taken,  and 
accidental  fluctuation  eliminated  -by  taking  special,  series  of  averages.  We 
are  indebted  to  Professor  Marsden  for  the  proposal  that  this  might  be  a 
suitable  investigation  for  a  post-graduate  science  student,  and,  amongst 
other  suggestions,  that  the  use  of  consecutive  yearly  means  from  month 
to  corresponding  month  a  year  ahead  and  by  taking  the  smoothed  mean 

— — — - — offers  a  likely  method  of  minimizing  the  effect  of  personal 


or  accidental  errors  and  obtaining  a  truer  rainfall  curve.  Moreover,  the 
question  of  the  sites  of  the  rain-gauges  in  each  locality  requires  careful 
checking  if  these  have  been  moved  during  the  period  of  observation.  In 
each  place  the  gauges  have  been  moved,  and  records  are  required  to 
correlate  the  rainfalls  of  the  old  and  new  sites.  A  fuller  investigation 
is  being  made  of  this  matter  by  the  Dominion  Meteorologist,  and  it  is 
hoped  that  it  will  be  possible  to  publish  details  shortly.  In  the  meanwhile 
it  should  be  noted  that  it  is  proposed  to  again  move  the  Wellington 
meteorological  station  to  a  new  site,  and  it  is  hoped  that  a  new  site  will 
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be  available  so  near  the  present  one  that  no  correcting  factor  will  be 
required.  But  in  any  case  arrangements  should  be  made  for  at  least  one 
year’s  overlapping  observations  at  the  old  and  new  sites  to  establish  the 
correcting  factor  if  necessary,  and  in  future  every  effort  should  be  made 
to  select  the  best  site  for  the  meteorological  station  and  to  render  it 
permanent. 

So  far  only  the  results  for  individual  years  have  been  considered.  But 
the  risks  involved  are  obviously  very  much  increased  in  the  case  of 
consecutive  years  of  excess  or  deficient  rainfall.  For  the  agriculturist  the 
soil,  and  for  the  hvdro-electric  engineer  the  reservoir  storage  reserve,  can 
probably  stand  one  year  of  drought  without  serious  loss,  but  a  second  or 
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third  year  of  deficient  rainfall  may  involve  financial  disaster.  It  is  there¬ 
fore  of  even  greater  importance  to  know  what  has  been  the  frequency  in 
the  past  of  the  occurrence  of  consecutive  years  of  high  and  low  rainfall. 
Table  II  herewith  gives  the  average  cycle  over  which  excesses  and 
deficiencies  of  10,  20,  and  30  per  cent,  in  rainfall  have  occurred  in  the 
biennial  and  triennial  periods  for  the  three  stations,  Auckland,  Wellington, 
and  Dunedin.  The  triennial  periods  are,  of  course,  much  less  frequent, 
though  it  might  be  noted  that  Wellington  suffered  from  excess  rainfall 
for  three  consecutive  years  in  1877-79,  and  Auckland  in  1915-17,  and 
Dunedin  suffered  from  deficiency  in  rainfall  for  three  consecutive  years  in 
1889-91  and  again  in  1914-16,  as  shown  in  fig.  1. 

The  influence  of  location  and  geographical  position  on  the  rainfall, 
showing  the  enormous  difference  in  the  average  rainfall  as  between,  for 
instance,  Hokitika  (114*13)  and  Lincoln  (25-34),  does  not  come  within  the 
scope  of  the  present  investigations,  but  is  worthy  of  further  consideration 
(fig.  3). 


Table  I. — New  Zealand  Annual  Rainfall  Fluctuations,  1853-1920. 
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Total  Annual  Rainfall  (Inches). 
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0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

189— 

28-02 

31-85 

37-91 

42-99 

33-93 

46-49 

41-54 

40-81 

31-63 

42-66 

190— 

40-28 

37-12 

31-13 

39-97 

41-04 

41-52 

34-45 

48-95 

31-94 

41-55 

191— 

36-77 

39-68 

38-99 

39-89 

29-75 

40-86 

36-59 

27-89 

42-77 

25-01 

192— 

39-18 

•  • 

•  • 

•  • 

•  • 

.  . 

•  • 

Hokitika. 


186— 

187— 

188— 

189— 

190— 

191— 

192— 


116-68 

122-84 

99-45 

132-77 

129-96 


122-44 

133-97 

104-89 


123-21 

96-07 

115-61 


96-17 

102-85 

100-97 


104-48 

115-89 

123-63 

112-32 


130-79 

92- 32 

93- 83 
134-32 


127-55 

116-32 

115-83 

115-91 

107-57 


110-51 

136-66 

128-83 

121-01 

119-16 


120-21 

154-44 

124-00 

110-47 

124-50 


88-21 

128-29 

104-78 

121-06 

99-53 


1921.]  Birks  and  Bates — Annual  Rainfall  Fluctuations. 
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Dunedin. 


11 

0. 

1. 

2. 

3, 

4. 

5. 

6. 

7. 

8. 

9. 

185— 

' 

22-74 

30-03 

22-98 

186— 

28-41 

o  • 

•  a 

33-03 

24-21 

46-64 

29-04 

39-05 

33-88 

32-92 

187— 

39-22 

2215 

27-40 

35-81 

28-73 

42-63 

38-27 

37-46 

45-23 

42-10 

188— 

33-08 

26-39 

41-79 

38-32 

33-88 

24-61 

52-63 

39-15 

48-35 

23-44 

189— 

27-98 

32-74 

47-56 

54-51 

39-43 

51-40 

48-53 

38-07 

34-14 

38-63 

190— 

45-92 

37-65 

53-90 

42-77 

48-70 

53-84 

32-35* 

31-48 

48-31 

38-21 

191— 

33-54 

40-01 

46-33f 

44-77 

31-31 

26-86 

28-80 

42-48 

36-90 

42-90 

192— 

28-45 

•  • 

•  • 

*In  "Yearly  Statistics”  rainfall  =  32-44  in.  fin  "Yearly  Statistics”  rainfall  =  47‘31in. 


ELECTRIC  POWER  FOR  MILKING-PLANTS : 

ADDENDUM. 

By  L.  Birks,  B.Sc.,  M.Inst.C.E.,  &c. 


The  accompanying  diagram  of  curves  of  monthly  energy-consumption  was 
completed  too  late  for  publication  in  No.  3  of  the  Journal  with  the  author’s 
article  on  the  subject.  It  is  referred  to  on  page  112. 


Electric  power  for  milking  :  Curves  of  monthly  energy-consumption. 
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ELECTRIC-POWER  LOAD-CURVES. 

By  L.  Birks,  B.Sc.,  M.Inst.C.E.,  M.I.E.E. 

In  dealing  with  the  problem  of  electric-power  supply  the  first  question  is 
to  obtain  the  actual  or  estimated  load-curve  of  the  daily  output  of  the 
power  plant,  as  on  this  depend  all  questions  of  cost  of  production  and 
revenue  required.  Owing  to  the  different  conditions  of  supply,  various 
stations  differ  in  their  load-curve  characteristics.  A  station  supplying 
mainly  industrial  demands  or  tramways  will  have  a  heavy  all-day  load 
with  a  high  average  over  the  twenty-four  hours.  Stations  supplying 
mainly  lighting  will  have  an  evening  peak  with  a  low  average  over  the  day. 
The  ideal  of  the  national  electric-power-supply  scheme  is  to  connect  up  al] 
consumers  of  each  Island  into  a  single  network  fed  from  a  few  of  the  most 
economical  sources,  and  in  order  to  determine  the  probable  shape  of  the 
load-curve  on  such  a  system  under  New  Zealand  conditions  a  composite 
load-curve  has  been  prepared.  The  actual  load-curves  for  an  equinoctial 
day  (30th  September,  1920)  were  selected  as  giving  an  average  between 
summer  and  winter  conditions.  The  load-curves  of  the  following  stations 
for  this  particular  day  have  been  obtained  and  included  in  the  composite 
load-curve  (see  accompanying  figure)  : — 


Installed 

Capacity. 

Maximum  Load  recorded 
on  30th  September,  1920. 

Water-power  plants — 

Kilowatts. 

Kilowatts. 

1.  Coleridge 

6,000 

6,550  at  9.30  a.m. 

2.  Waipori 

6,000 

6,175  at  2.42  p.m. 

3.  Horahora  . . 

6,300 

2,600  at  11.0  a.m. 

4.  New  Plymouth 

850 

672  at  11.50  a.m. 

5.  Tauranga  .  . 

160 

160  at  6.0  p.m. 

Steam-power  plants — 

6.  Auckland  City  Lighting  Station 

7,000 

4,050  at  11.0  a.m. 

7.  Auckland  Tramway  Station*  . . 

6,000 

5,400  at  5.20  p.m. 

8.  Wellington  City  Lighting  Station 

3,500 

2,160  at  7.30  p.m. 

9.  Wellington  Tramway  Station  .  . 

3,000 

3,100  at  5.45  p.m. 

10.  Invercargill . . 

975 

500  at  7.0  p.m. 

11.  Gisborne 

650 

275  at  7.30  p.m. 

Gas-engine  station — 

12.  Napier 

950 

330  at  8.0  p.m. 

Oil-engine  stations — 

13.  Hastings  . . 

360 

300  at  9.0  p.m. 

14.  Feilding 

310 

95  at  4.30  p.m. 

Totals 

42,055 

32,367 

*  See  footnote  to  table  of  data,  p.  181. 


Ratio  of  peak-load  to  installed  capacity,  0'75. 
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Data  used  in  Construction  of  Composite  Load-curve. 


Loads  in  Kilowatts. 

— 

Lake 

Coleridge,  i 

— 

Horahora. 

Waipori. 

Auckland 

Trams.* 

Auckland 

Lighting. 

Wellington 

Trams. 

i 

Wellington 

Lighting. 

New 

Plymouth. 

Tauranga. 

Gisborne. 

Napier. 

Hastings. 

Feilding. 

Invercargill. 

A.M. 

12.30  .  . 

2350 

2000 

1800 

0 

500 

385 

440 

150 

30 

75 

190 

105 

10 

200 

1.0 

2325 

2000 

1350 

0 

450 

330 

420 

150 

30 

90 

155 

105 

10 

190 

1.30  .. 

2175 

1900 

1350 

0 

450 

325 

390 

150 

30 

78 

155 

105 

6 

190 

2.0 

2050 

1900 

1450 

0 

425 

325 

360 

150 

30 

90 

145 

102 

6 

162 

2,30  .  . 

2050 

2000 

1450 

0 

425 

325 

355 

150 

30 

78 

145 

102 

4 

162 

3.0 

1950 

2000 

1300 

0 

400 

325 

360 

150 

30 

78 

130 

102 

4 

150 

3.30  .  . 

1925 

1900 

1300 

0 

375 

325 

355 

150 

30 

70 

130 

112 

4 

150 

4.0 

1950 

1900 

1375 

0 

350 

325 

380 

150 

40 

78 

140 

120 

4 

165 

4.30  .  . 

2300 

2000 

1375 

0 

350 

330 

410 

160 

40 

85 

140 

132 

4 

165 

5.0 

2300 

2000 

1500 

0 

325 

330 

320 

155 

50 

70 

145 

145 

4 

180 

5.30  .  . 

2150 

1850 

1500 

0 

325 

330 

340 

200 

50 

85 

145 

140 

6 

180 

6.0 

2550 

1850 

1250 

495 

320 

330 

300 

230 

65 

70 

95 

130 

6 

180 

6.30  . . 

3050 

2000 

1250 

820 

340 

660 

375 

240 

65 

70 

95 

135 

6 

180 

7.0 

3400 

2000 

1125 

1870 

390 

1380 

360 

270 

105 

75 

70 

140 

6 

210 

7.30  .  . 

3975 

2050 

1125 

3000 

800 

2040 

490 

410 

105 

90 

70 

147 

6 

210 

8.0 

6100 

2050 

2050 

3300 

2100 

2300 

640 

480 

115 

100 

175 

155 

6 

330 

8.30  .  . 

6450 

2300 

2050 

3200 

2750 

2750 

810 

490 

115 

195 

175 

175 

65 

330 

9.0 

6550 

2300 

4650 

3200 

3150 

2840 

880 

600 

90 

205 

245 

200 

50 

345 

9.30  . . 

6550 

2500 

4650 

2100 

3675 

2600 

1000 

610 

90 

215 

245 

187 

59 

345 

10.0 

6450 

2500 

5125 

1650 

3650 

2100 

1160 

595 

106 

195 

300 

175 

84 

350 

10.30  . . 

6450 

2600 

5125 

1800 

3650 

1980 

1100 

630 

106 

220 

300 

175 

70 

350 

11.0 

6400 

2600 

5000 

1800 

4050 

1960 

1220 

660 

115 

200 

310 

170 

80 

360 

11.30  .. 

6400 

2600 

5000 

1950 

3750 

1960 

1160 

670 

115 

195 

310 

165 

64 

360 

Noon 

6100 

2600 

4800 

2300 

3550 

1900 

1200 

560 

120 

160 

290 

165 

70 

370 

P.M. 

12.30  .. 

5000 

2350 

4800 

2050 

3300 

1780 

750 

500 

120 

105 

290 

155 

40 

370 

1.0 

6150 

2350 

2800 

.2200 

3150 

1900 

880 

625 

75 

115 

225 

145 

64 

350 

1.30  . . 

6175 

2400 

2800 

2250 

3600 

2100 

940 

630 

75 

180 

225 

150 

50 

350 

2.0 

6325 

2400 

4750 

2200 

3700 

2250 

1020 

835 

80 

185 

240 

155 

70 

390 

2.30  .  . 

6320 

2550 

6175 

2100 

3850 

2120 

1020 

640 

80 

200 

240 

160 

70 

390 

3.0 

6300 

2550 

5120 

2200 

3750 

2160 

1150 

630 

88 

195 

260 

165 

70 

350 

3.30  . . 

6050 

2450 

5120 

2300 

3900 

2300 

1100 

590 

88 

175 

260 

160 

70 

350 

4.0 

5950 

2450 

4950 

2500 

3600 

2470 

1250 

620 

95 

160 

270 

155 

70 

380 

4.30  . . 

5500 

2250 

4950 

3300 

3350 

2750 

1120 

635 

95 

180 

270 

155 

95 

380 

5.0 

5050 

2250 

4500 

4100 

3000 

3100 

1290 

655 

125 

130 

275 

155 

35 

320 

5.30  . . 

3925 

2400 

4500 

5400 

2600 

3100 

1070 

620 

125 

150 

275 

162 

40 

320 

6.0 

4250 

2400 

2750 

3500 

2350 

2650 

1680 

600 

160 

190 

260 

170 

58 

340 

6.30  . . 

5300 

2350 

2750 

2550 

2350 

2100 

1700 

610 

160 

235 

260 

235 

62 

340 

7.0 

5550 

2350 

2750 

2550 

2550 

1540 

2160 

615 

152 

240 

315 

300 

82 

500 

7.30  .  . 

5600 

2200 

2750 

2850 

2650 

1760 

1970 

640 

152 

275 

315 

295 

82 

500 

8.0 

5600 

2200 

3520 

2600 

2600 

1770 

2140 

650 

135 

255 

330 

290 

76 

480 

8.30  . . 

5550 

2250 

3520 

1760 

2350 

1740 

1740 

600 

135 

240 

330 

295 

64 

480 

9.0 

5375 

2250 

3600 

1650 

2200 

1600 

1840 

560 

134 

245 

310 

300 

58 

470 

9.30  .  . 

4950 

2250 

3600 

1850 

1950 

1480 

1530 

490 

90 

210 

310 

225 

52 

470 

10.0 

4625 

2250 

3125 

1900 

1700 

1430 

1440 

450 

70 

165 

310 

145 

46 

460 

10.30  .. 

4450 

22,50 

3125 

2250 

1350 

1480 

1060 

370 

70 

135 

310 

125 

38 

460 

11.0 

4000 

2250 

1750 

1850 

950 

1540 

1000 

270 

65 

105 

240 

105 

32 

300 

11.30  .. 

3575 

2100 

1750 

1000 

700 

1040 

600 

250 

65 

95 

240 

105 

26 

300 

12.0 

2900 

• 

2100 

1800 

,  650 

500 

440 

600 

220 

30 

115 

190 

105 

22 

200 

*  No  trams  running  on  the  30th  September  1920,  owing  to  coal  shortage.  The  figures,  however, 
represent  a  typical  day. 
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The  peak  load  oh  the  composite  curve  representing  an  interconnected 
system  is  25,305  kilowatts,  occurring  approximately  at  9  a.m.,  whereas  it 
will  be  noted  that  the  individual  peaks  occur  at  various  times  between 
9  a.m.  and  9  p.m.  This  means  that  with  the  present  system  of  isolated 
stations  there  must  be  provided  an  excess  of  7,062  kilowatts  to  meet  these 
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Composite  Load-curve  for  Fourteen  New  Zealand  Electric-power  Stations,  for 

30th  September,  1920. 

Total  units  output,  413,000  ;  peak  load,  25,305  kilowatts  ;  average  load,  17,200  kilo¬ 
watts  ;  load-factor,  68  per  cent. 

individual  peak  loads,  or  27-8  per  cent,  of  the  composite  demand  ;  and  there 
actually  was  installed  16,750  kilowatts  of  excess  plant,  or  66*2  per  cent, 
of  the  combined  maximum  demand. 

The  total  installed  capacity  for  the  whole  of  New  Zealand,  including 
Wellington  and  Auckland  tramways,  is  54,805  kilowatts,  and  the  sum  of 
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the  maximum  recorded  individual  peak  loads  on  the  whole  of  the  fifty- 
seven  stations  in  New  Zealand  for  the  year  ending  the  31st  March,  1920, 
was  39,416  kilowatts.  This  curve  therefore  represents  82  per  cent,  of  the 
recorded  maximum  electric-power  output  in  New  Zealand,  and  may  therefore 
be  taken  as  representative  of  what  will  be  the  average  demand  of  each 
interconnected  system  under  the  present  selling-rates.  The  combined  peak 
load  is  25,305  kilowatts — that  is,  60-2  per  cent,  of  the  installed  capacity 
in  the  above  fourteen  stations — the  balance,  16,750  kilowatts,  being  reserve 
capacity.  The  load-factor  of  the  combined  curve  for  the  day — that  is, 
the  ratio  of  the  average  to  the  maximum  load — is  68  per  cent.,  and  is  thus 
very  high  indeed  even  under  existing  selling-conditions.  With  larger  hydro¬ 
electric  power-supply  sources,  and  economies  not  possible  from  steam 
generating-stations,  it  is  probable  that  this  daily  load-factor  will  be 
increased  to  a  slightly  higher  figure.  But  in  the  meanwhile  the  composite 
load-curve  shown  in  the  figure  may  be  accepted  as  typical  of  New  Zealand 
conditions  generally,  and  may  be  taken  as  a  basis  on  which  to  determine 
the  costs  and  necessary  revenue  per  unit  from  any  large  developments 
which  are  anticipated  in  the  Dominion.  For  comparison  arrangements  are 
being  made  for  the  preparation  of  a  similar  composite  curve  for  mid-winter 
conditions  this  year. 

I  have  to  express  my  thanks  to  Mr.  M.  H.  Millar ,P  Assistant  Electrical 
Engineer,  Public  Works  Department,  for  preparing  the  data  on  which  the 
curve  is  based. 


EFFECTS  OF  THE  RECENT  AURORA  ON  TELEGRAPH- 
LINES,  TELEPHONE  -  LINES,  AND  WIRELESS 
STATIONS. 

By  A.  Gibbs,  M.l.E.E. 

Disturbances  to  which  Telegraph-lines,  Telephone-lines,  and  Wire¬ 
less  Stations  are  Subject. 

Telegraph  and  telephone  circuits  and  wireless  receiving-apparatus  are 
peculiarly  sensitive  to  disturbances  by  adjacent  electrical  circuits  and  by 
certain  natural  phenomena.  They  are  not  all  affected  to  the  same  extent, 
for  they  are  not  equally  influenced  by  the  various  disturbing  causes  ;  and, 
moreover,  the  sensitivity  of  the  apparatus  employed  in  the  different 
systems  varies  considerably. 

Land  Telegraph-lines. 

Land  telegraph-lines  are  to  a  large  extent  immune  from  many  of  the 
disturbances  that  would  prejudicially  affect  either  wireless  reception  or 
the  operation  of  certain  telephone  circuits.  This  is  due  partly  to  the 
different  system  of  reception  employed,  but  mainly  on  account  of  the  lower 
sensitivity  of  telegraph  receiving-instruments,  some  of  which  operate  with 
currents  a  thousand  times  as  great  as  those  required  in  telephone  work, 
and  a  million  times  as  great  as  those  dealt  with  in  radio  receiving-apparatus. 
In  some  countries,  however,  where  high-tension  power- transmission  and 
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electric-railway  lines  parallel  for  considerable  distances  the  land  telegraph- 
lines,  electric  disurbances  are  frequently  induced  in  the  latter  to  such  an 
extent  as  to  render  them  temporarily  inoperative  or  to  require  the  per¬ 
manent  employment  of  special,  and  in  many  cases  expensive,  methods  for 
their  neutralization. 

Telegraph-lines — by  reason  of  the  fact  that  they  are  operated  upon 
the  earth-working  principle,  i.e.,  use  the  earth  as  the  return  circuit — are 
inherently  susceptible  to  disturbances  by  any  natural  electrical  phenomena 
capable  of  varying  within  certain  limits  the  potential  of  the  earth — such, 
for  example,  as  magnetic  storms.  Without  discussing  the  causes  under¬ 
lying  such  phenomena,  it  may  be  stated  that  their  principal  and  practical 
effect  upon  a  telegraph-line  is  to  cause  differences  of  electrical  potential 
at  different  points  of  the  earth’s  surface,  and  so  to  generate  varying 
electrical  currents  in  wires  that  may  be  connected  therewith.  These 
currents  are  occasionally  of  such  magnitude  that  they  overpower  the 
legitimate  signals,  and  render  telegraph  circuits  unworkable  on  the  earth- 
return  principle.  Recourse  has  then  to  be  had  to  the  metallic  system — 
i.e.,  to  the  substitution  of  a  wire  for  the  earth  return. 

Telephone-lines. 

Telephone  circuits  are  worked  mainly  upon  the  metallic-circuit  system, 
which  employs  two  wires  instead  of  using  the  earth  as  a  return  conductor. 
These  circuits  are  practically  immune  from  disturbance  due  to  natural 
phenomena  of  the  kind  referred  to,  as  they  are  not  in  any  way  connected 
to  the  earth,  and  cannot,  therefore,  reflect  the  variations  of  electrical 
potential  produced  therein.  The  use  of  two  wires  and  the  special  methods 
adopted  in  their  erection,  whereby  they  are  relatively  equidistant  from  other 
circuits  either  on  the  same  pole  line  or  on  adjacent  power-lines,  serve  also 
to  render  the  circuit  immune  from  the  influence  of  the  electric  and  magnetic 
fields  of  neighbouring  electric-power  and  tramway  circuits,  which  would 
otherwise,  by  reason  of  induced  noises,  make  the  telephone  circuits  unsatis¬ 
factory  for  the  transmission  of  speech.  There  are,  however,  in  most  countries 
a  number  of  long-distance  earth-working  telephone-lines  connecting  up 
remote  centres  with  the  larger  cities.  Such  circuits  are  subject  to  disturb¬ 
ance  by  extraneous  electrical  circuits,  and  on  occasions  give  unmistakable 
evidence  of  the  variation  in  the  potential  of  the  earth  caused  by  natural 
phenomena,  and  even  of  variation  in  the  earth’s  magnetic  field.  These 
latter  disturbances  manifest  themselves  at  odd  times  by  chirps  and  uncanny 
noises  in  the  telephone  receiver  ;  but  they  do  not  usually  affect  to  an 
appreciable  extent  the  commercial  operation  of  the  circuit. 

Submarine  Cables. 

Submarine  cables  are  almost  exclusively  of  the  earth- working  type, 
and  use  comparatively  delicate  receiving-apparatus  ;  they  are  therefore 
affected  in  a  large  measure  by  electric  and  magnetic  phenomena.  Apart 
from  special  disturbances  such  as  the  aurora,  “  earth  currents  ”  are 
practically  always  present  and  are  a  permanent  source  of  disturbance,  the 
effects  of  which  have  to  be  compensated  for  in  various  ways.  When 
periodical  tests  of  submarine  cables  are  made — e.g.,  across  Cook  Strait — 
these  earth  currents  interfere  with  the  testing-apparatus,  and  in  order  that 
reliable  results  may  be  obtained  numerous  devices  and  calculations  have 
to  be  resorted  to  in  order  to  neutralize  or  compensate  for  the  erroneous 
effects  produced  by  these  stray  earth  currents.  Even  the  Wellington 
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tramway  system  has  a  marked  effect  upon  these  testing  operations,  causing 
variations  in  the  electrical  potential  of  the  earth,  which,  in  a  somewhat 
similar  manner  to  natural  electrical  and  magnetic  phenomena,  cause 
extraneous  earth  currents  to  flow  through  the  delicate  testing-apparatus. 

Wireless  Stations. 

In  the  realm  of  wireless  telegraphy  and  telephony  we  are  brought  into 
very  serious  contact  with  the  disturbing  effects  produced  by  the  invisible 
forces  of  nature.  Modern  wireless  receiving-apparatus  is  remarkably  sensi¬ 
tive,  and  considerable  care  has  to  be  taken  in  the  design  and  location  of  a 
wireless  station  in  order  that  its  work  may  not  be  unduly  interfered  with 
by  natural  or  artificial  causes,  which  would  reduce  the  efficiency  of  the 
station.  The  natural  disturbances  with  which  a  wireless  station  has  more 
usually  to  combat  are  known  indifferently  as  “  atmospherics,”  “  statics,” 

“  strays,”  or,  more  popularly,  “  X’s.”  They  are  the  result  mainly  of 
electrical  discharges  in  the  atmosphere,  which  produce  in  the  ether  natural 
electrical  waves.  They  are  very  erratic,  are  subject  to  diurnal  and  seasonal 
variations,  and  are  influenced  by  varying  meteorological  conditions.  These 
ever-present  phenomena  manifest  themselves  in  the  form  of  noises  of  all 
descriptions  in  the  wireless  telephone  receivers.  At  times  this  is  so  severe 
as  effectively  to  interrupt  wireless  communication  by  entirely  drowning  the 
received  signals.  This  is  more  marked  in  the  tropics,  where  at  times  for 
considerable  periods  wireless  services  are  paralysed  from  this  cause.  In 
tropical  localities  a  coming  thunderstorm  is  notified  to  the  wireless  operator 
well  in  advance  by  a  “  patter  ”  of  electrical  disturbances  not  unlike  the 
sound  of  falling  rain ;  and  at  Rarotonga  the  presence  of  heavy  rain-clouds 
on  the  top  of  a  mountain  that  lies  in  the  route  of  wireless  signals  coming 
from  New  Zealand  noticeably  affects  the  strength  of  the  signals  received 
from  this  country.  “  X’s  ”  are  stronger  and  more  prevalent  at  night  than 
in  the  daytime  ;  and  for  this  reason  wireless  communication  between  Awanui 
and  Samoa,  for  example,  can  be  carried  on  with  less  power  during  daylight 
hours  than  during  the  hours  of  darkness,  despite  the  fact  that  in  general 
during  the  hours  of  daylight  signals  are  considerably  reduced  in  strength 
relatively  to  the  dark  hours.  A  great  deal  of  investigation  has  been  made 
of  the  nature  and  origin  of  “  atmospherics.”  Just  before  the  outbreak  of 
war  the  New  Zealand  wireless  service,  in  conjunction  with  wireless  adminis¬ 
trations  throughout  the  Empire,  co-operated  in  a  systematic  recording  and 
classification  of  these  atmospheric  disturbances.  This  was  interrupted 
when  war  commenced,  but  it  is  believed  that  during  the  few  months  in 
which  observations  were  taken  many  valuable  data  were  collected,  enabling 
useful  and  helpful  deductions  to  be  made  therefrom.  It  should  perhaps 
be  mentioned  that  the  New  Zealand  Post  and  Telegraph  Department,  in 
common  with  similar  departments  in  other  dominions,  is  now  co-operating 
with  a  recently  established  Radio  Research  Board  in  the  United  Kingdom, 
which  has  for  one  of  its  objects  an  investigation  into  the  causes  and 
characteristics  of  atmospherics  and  the  possible  elimination  of  the  effects 
they  produce  upon  wireless  reception. 

Many  devices  have  already  been  introduced  to  minimize  the  effect- 
of  these  strays,  but  a  final  and  satisfactory  solution  of  the  problem  has 
yet  to  be  reached.  It  has,  however,  been  definitely  established  that 
certain  of  these  atmospherics  are  vertically  propagated,  and  this  has  sug¬ 
gested  a  somewhat  costly  and  elaborate  remedial  process,  which  is  unlikely 
to  receive  general  adoption.  When  it  is  considered  that  the  propagation 
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of  the  electric  waves  which  constitute  wireless  telegraph  and  telephone 
signals  is  influenced  by  the  nature  of  the  country  over  which  these  signals 
pass,  by  the  transition  from  daylight  to  dark,  by  variations  in  the  ionization 
of  the  upper  strata  of  the  atmosphere,  by  rain,  by  wind,  and,  in  fact,  by 
meteorological  conditions  generally,  it  should  not  be  surprising  to  find  that 
the  New  Zealand  wireless  services  were  considerably  affected  by  the  violent 
electrical  disturbances  that  accompanied  the  recent  auroral  displays.  With¬ 
out  going  into  detail,  sufficient  may  be  said  to  indicate  in  this  connection 
the  nature  of  the  effects  produced  by  the  aurora. 

Effects  of  the  Recent  Aurora. 

Radio  Coast  Stations. 

The  effects  of  the  aurora  upon  wireless  reception  were  felt  by  all  the 
New  Zealand  wireless  coast  stations — -viz.,  Awanui,  Auckland,  Wellington, 
Awarua,  and  Chatham  Islands.  The  Auckland  Radio  Station  records  that 
unusual  variations  in  the  signal- strength  were  noticed,  beginning  on  the 
9th  May,  accompanied  by  what  are  known  as  “  hissing  ”  statics.  At 
other  stations  the  principal  effects  were  noticed  on  the  14th  and  15th  May, 
tapering  off  on  the  16th,  and  returning  to  practically  normal  conditions  late 
on  the  17th. 

At  1  p.m.  on  the  14th  Awarua  observed  that  the  long-wave  signals 
from  the  Awanui  Station  were  very  much  above  normal  strength,  and  by 
4  p.m.  a  decided  variation  in  the  strength  of  wireless  signals  had  been 
observed  at  all  stations.  At  5  p.m.  Awarua  (near  the  Bluff — lat.  46°  36'  S.) 
noticed  the  first  visible  evidence  of  the  aurora,  and  this  was  accompanied  for 
a  short  period  by  a  remarkably  quiescent  interval  during  which  statics 
and  wireless  signals  disappeared  altogether.  Shortly  afterwards  the  signals 
emitted  by  the  Wellington  and  Chatham  Island  stations  became  very  weak 
and  variable  in  strength,  although  signals  from  Auckland  and  the  Australian 
stations  were  very  little  affected.  Such  conditions  may  be  said  to  have 
prevailed  generally  until  the  evening  of  the  17th,  when  signals  resumed 
their  normal  characteristics,  but  atmospheric  disturbances  continued  for 
some  time  to  be  heavy  and  numerous.  During  the  14th,  15th,  and  16th 
signals  at  all  radio  stations  were  very  erratic,  both  in  intensity  and  in 
uniformity.  At  one  moment  they  would  be  normal  or  even  above  normal 
strength,  while  shortly  afterwards  they  would  be  normal  in  one  or  more 
directions  but  weak  and  varying  from  other  directions  ;  and  this  was  the 
general  experience  throughout  the  whole  period.  A  rather  interesting 
phenomenon  was  that,  while  signals  from  New  Zealand  and  Australian 
stations  were  subject  to  great  variation,  the  signals  from  long- wave  European 
stations  did  not  appear  to  suffer  any  variation  either  in  intensity  or  in 
uniformity.  This  is  corroborated  by  Rarotonga  (Cook  Islands),  which  at 
times  experienced  variation  in  New  Zealand  signals  but  no  variation  in 
signals  from  northwards.  Apart  from  the  variations  in  the  New  Zealand 
radio  signals,  the  only  effect  observable  at  Rarotonga  was  the  prevalence 
of  strong  atmospherics  during  the  auroral  period.  At  Apia  (Samoa)  the 
auroral  display  was  visible  at  6.45  p.m.  (Samoan  time)  on  the  15th,  and 
simultaneously  the  signals  from  Awanui  on  2,000-metres  wave-length  were 
considerably  augmented  in  strength,  and  for  a  short  period  were  the  strongest 
that  had  ever  been  received  from  that  station.  While  stations  in  the  North 
Island  of  New  Zealand  were  fading  and  weak  to  South  Island  stations,  they 
were  of  usual  strength  to  Apia.  Apart  from  these  circumstances  nothing 
unusual  was  observed  by  Apia. 
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An  interesting  experiment  was  performed  at  Awarua,  where  during 
the  height  of  the  disturbance  an  insulated  counterpoise  (or  network  of 
insulated  wires)  was  substituted  for  the  usual  earth  connection.  In  effect, 
the  wireless  receiving-system  was  entirely  disconnected  from  the  earth, 
and  therefore  not  subject  to  direct  interference  from  electrical  charges 
circulating  therein.  This  removal  of  the  earth  connection  did  not  in  any 
way  affect  the  prevailing  variations  of  the  signals,  which  continued  to  be 
as  erratic  as  ever.  During  the  period  referred  to  there  were  brief  intervals 
at  all  New  Zealand  stations  when  signals  returned  to  normal  and  nothing 
unusual  was  noticed. 

The  effects  at  New  Zealand  stations  may  be  summarized  as  follows  : 
(1)  Great  and  sudden  variations  in  signal-strength  from  maximum  to 
minimum  ;  (2)  signals  from  different  directions  not  simultaneously  affected  ; 
(3)  dead  periods  when  neither  signals  nor  statics  were  heard  ;  (4)  periods  of 
abnormal  intensity  of  signals  and  statics  ;  (5)  signals  from  European  long¬ 
wave  stations  unaffected  during  the  whole  period. 

All  of  the  New  Zealand  stations  are  connected  by  land  telegraph-lines 
with  the  telegraph  centres,  and  it  was  noticed  at  times  that  great  variations 
in  radio  signals  were  simultaneously  accompanied  by  earth  currents  in 
the  land  telegraph-lines  of  sufficient  intensity  to  render  the  Morse  circuits 
inoperative. 

Land  Telegraph-lines. 

During  the  auroral  period  the  land  telegraph-lines  throughout  New 
Zealand  were  subject  to  abnormal  disturbances  due  to  what  are  technically 
known  as  “  earth  currents.”  As  previously  indicated,  these  Morse  lines 
are  operated  upon  the  earth- working  principle,  and  are  therefore  inherently 
susceptible  to  fluctuations  in  the  potential  of  the  earth.  As  in  the  case  of 
the  wireless  disturbances,  the  Morse  lines  all  over  New  Zealand  were  affected, 
but  not  necessarily  at  the  same  time  nor  to  the  same  degree.  In  general 
the  interference  manifested  itself  in  the  form  of  violent  fluctuations  of 
current  in  the  telegraph  lines  and  instruments,  but  in  many  cases  the 
variations  in  the  direction  of  these  foreign  currents  were  slow  and  gradual, 
although  far  from  uniform  in  their  movements.  In  some  cases  the  foreign 
voltages  were  found  to  be  of  the  order  of  60  volts,  and  were  of  sufficient 
magnitude  to  render  Morse  working  by  the  usual  means  impossible.  At 
the  principal  centres  it  was  frequently  observed  that  lines  running  east  and 
west  were  more  seriously  affected  than  those  running  north  and  south,  but 
this  experience  cannot  be  said  to  have  been  either  general  or  uniform.  The 
first  indication  of  anything  unusual  was  noticed  at  Napier,  where  on  the 
12th  and  13th  it  was  observed  that  the  Morse  lines  were  peculiarly  affected 
by  induced  voltages  of  small  magnitude,  which  rendered  the  adjustment 
of  the  apparatus  difficult  and  uncertain.  For  a  few  days  subsequent  to 
the  16th  similar  effects  were  observed  at  this  station.  The  main  effects 
were  first  noticed  at  all  stations  upon  opening  for  business  at  8  a.m.  on 
the  14th.  Practically  all  Morse  lines,  and  especially  the  longer  ones,  were 
badly  affected  by  earth  currents,  and  during  the  14th,  15th,  and  16th  the 
longer-distance  lines  had  during  the  greater  part  of  this  period  to  be  worked 
upon  the  metallic-circuit  principle,  by  which  means  all  connection  with 
the  earth  was  removed  and  a  conducting  wire  substituted  for  the  earth- 
return  circuit. 

As  an  indication  that  earth  currents  were  not  entirely  responsible  for 
these  circumstances,  it  should  be  mentioned  that  on  the  longer  lines  even 
the  metallic-circuit  arrangement  did  not  remove  all  causes  of  trouble.  The 
atmospheric  electrical  charges  which  accompanied  the  aurora  continued  to 
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induce  in  the  metallic  Morse  wires  electrical  potentials  which,  although 
not  sufficient  to  interrupt  Morse  signalling,  rendered  the  adjustment  of 
these  circuits  difficult  and  sensitive. 

At  Wellington  the  last  effects  of  the  aurora  occurred  at  1.30  a.m.  on  the 
17th,  and  very  little  effect  was  noticed  at  any  other  station  except  Dunedin 
after  this  hour.  In  Otago  mild  interference  was  experienced  on  the  morning 
of  the  17th,  and  this  finally  disappeared  during  the  afternoon  of  that  day. 

As  in  the  case  of  the  wireless  signals,  there  were  brief  periods  during 
which  little  interference  was  experienced,  and  the  whole  phenomena  were 
erratic  in  the  extreme  both  as  regards  intensity,  duration,  and  direction  of 
disturbances. 

T  elephone-lines . 

A  rather  unusual  interference  was  experienced  at  certain  telephone 
exchanges,  such  as  Nelson,  Palmerston  North,  Featherston,  and  Pahiatua, 
where  there  are  a  number  of  long-distance  earth-working  telephone-lines. 
These  lines  were  subject  to  disturbances  similar  to  those  described  in 
connection  with  the  Morse  telegraph-lines,  but  the  greatest  degree  of 
interference  appears  to  have  occurred  at  Pahiatua  late  on  the  afternoon 
of  the  15th.  At  this  station  the  call  indicators  on  earthed  lines  were 
operated  by  the  induced  voltages  for  as  long  a  period  as  two  minutes  ;  and 
here,  as  at  some  of  the  other  stations  mentioned,  lightning-protectors  on 
all  lines  were  operated  in  much  the  same  manner  as  if  the  lines  had  been 
struck  by  mild  lightning-discharges. 

Although  Morse  circuits  operated  upon  the  metallic  or  loop  principle 
were  not  entirely  immune  from  interference,  the  speech  on  metallic  telephone 
circuits  was  unaffected.  This,  however,  was  not  due  to  the  absence  therein 
of  foreign  voltages,  but  to  the  fact  that  these  telephone  circuits  are 
balanced  and  are  operated  upon  such  a  principle  that  the  voltages  induced 
in  the  two  wires  of  the  circuit  are  rendered  mutually  compensating  and 
produce  no  effect  upon  the  telephones  connected  therewith. 

In  conclusion,  it  may  be  stated  that  the  interferences  with  telegraph, 
telephone,  and  wireless  services  experienced  during  the  recent  auroral 
display  were  of  greater  magnitude  and  more  far-reaching  in  their  effects 
than  any  of  which  the  New  Zealand  Post  and  Telegraph  Department  has 
record.  It  is  the  first  time,  also,  that  the  effect  of  the  aurora  upon  wire¬ 
less  communications  in  this,  or  probably  any  other,  country  has  been  so 
noticeable. 

In  addition  to  the  outline  given  above  a  considerable  amount  of  specific 
data  has  been  accumulated,  which  it  is  hoped  will  assist  in  some  degree 
towards  the  elucidation  of  the  nature  of  the  interference  to  which  telegraph 
and  telephone  circuits  are  susceptible. 


SOME  TROPICAL  HEAT-INSULATORS. 

Bv  E.  Marsden,  D.Sc. 

The  present  note  deals  with  tests  of  the  thermal  conductivities  of  coconut- 
charcoal,  coconut-fibre  (coir),  sawdust,  and  chaff.  The  tests  were  made 
at  Apia,  Samoa,  under  the  auspices  of  the  Public  Works  Department,  and 
were  rendered  advisable  by  the  advent  of  a  local  cold-storage  chamber 
and  an  extended  use  of  ice-boxes.  The  materials  tested  were  such  as 
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were  available  locally,  and  were  sun-dried.  Elaborate  laboratory  methods 
were  impossible,  and  the  apparatus  shown  in  fig.  1  was  used. 

Tee  was  prepared  from  the  purest  water  available,  broken  up,  arid 
placed  in  the  inner  cylinder  C1.  This  cylinder  was  surrounded  by  a 
concentric  cylinder  C2,  the  space  between  the  two  being  filled  with  the 
material  under  test,  and  the  ends  closed  by  thick  wooden  plugs.  The 


heat  conducted  through  the  material  to  the  ice  in  the  inner  cylinder  was 
measured  by  the  amount  of  ice  melted,  since  each  gramme  of  ice  requires 
79*6  calories  to  melt  it  (143*3  B.Th.U.  per  pound).  The  expression  con¬ 
necting  the  coefficient  of  conductivity  with  the  amount  of  heat  conducted 
through  the  material  may  be  obtained  as  follows  : — 

Let  the  length  of  cylinder  be  l,  the  radius  of  the  inner  cylinder  r1;  and 
of  the  outer  cylinder  ra.  Take  a  cylindrical  ring  in  the  material  of  radius  r 
and  thickness  dr;  suppose  dT  to  be  the  difference  of  temperature  between 
the  surfaces  of  this  ring.  Then,  if  K  be 
the  conductivity,  the  amount  of  heat,  Q, 
winch  crosses  this  ring  (when  conditions 
are  steady)  is  given  bv 


Q  =  K2 -rl 


dT 

dr 


i.e., 


dT 


Q 


ZttTK 


X 


dr 


Integrating  between  limits  T  L  and  T2 
for  temperature,  and  r i  and  for  radii, 
we  obtain 

Q  log.  r2/ri 


K  = 


T2  —  T, 


Q  foge  r2/rt 

2t rl  (T 2  —  Ti) 


2ttIK 


=  2*3026 


or 


Q  log  i  o  — 
r  i 

m  (t2  -  t \y 


Fig.  2. 


This  formula  holds  only  for  a  steady  radial  flow.  To  ensure  this 
condition  measurements  were  based  only  on  the  central  portion  of  the 
cylinder.  Two  partitions,  A  and  A.  (fig.  1),  separated  off  a  length  l  from 
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which  the  melted  ice  was  run  of!  separately  by  a  tight-fitting  rubber  tube 
into  a  measuring-jar.  End  effects  were  thus  avoided. 

Thermometers,  T,  were  placed  in  tight-fitting  brass  side  tubes,  with 
their  bulbs  on  a  level  with  the  surface  of  the  outer  cylinder.  The  average 
readings  of  these  thermometers  gives  T2,  which  was  only  one  or  two 
degrees  less  than  air-temperature.  The  temperature  of  Tx  of  the  inner- 
cylinder  was  assumed  to  be  0°  C.  Thus  T2  —  Tt  =  T. 

Tn  general,  measurements  were  not  commenced  until  about  two  hours 
after  the  ice  was  first  placed  in  the  cylinder,  conditions  being  then  practi¬ 
cally  steady.  The  ice  melted  at  a  rate  of  only  about  2  grammes  per  minute, 
or  J  lb.  per  hour,  so  that  the  cylinder  was  still  practically  full  of  ice  at  the 
end  of  a  test.  At  least  two  samples  of  each  material  were  tested,  and 
the  average  results  are  given  in  the  following  table.  Samples  of  the  same 
material  did  not  differ  by  more  than  2-3  per  cent,  in  their  conductivity. 


77%  79*0 

A  = - — - ,  where  m  is  the  mass  of  ice  melted  per  minute  in  grammes. 

r2  =  12  in.  ;  r±  —  6  in.  ;  loge  r2/f  i  =  ’693  ;  l  =  38  cm. 


K  = 


Q  log  r2/fi  _  m  x  79-6  X  -693  m  w  nAOQK 
2ttIT  ~  T  X  2*  X  38  X  60  ~~  T  X 


Material. 

T  =  tempera¬ 
ture  of  outer 
cylinder. 

Mass  of  ice 
melted  per 
minute  =  m. 

m/T. 

Conductivity. 
Calories  per  cm 3. 

B.Th.U.  per 
hour  per  square 
foot  per  inch 
thickness  per 
degree  F. 

Sawdust 

26-5 

1-77 

-0668 

•000255 

0-74 

Coir 

26-6 

1-395 

•0521 

•00020 

0-58 

Charcoal 

26-2 

2-05 

•0782 

•00030 

0-87 

Chaff  . . 

26-3 

1-49 

•0567 

•00022 

0-63 

Air 

26-5  . 

4-31 

•1625 

•  • 

All  the  materials  used  above  were  sun-dried.  It  must  be  remembered, 
however,  that  the  humidity  in  Samoa  is  high — about  85  per  cent,  on  the 
average — while  the  average  temperature  is  also  high — about  26°  C.  Thus 
the  materials,  particularly  the  sawdust,  will  contain  a  larger  percentage 
of  moisture  than  is  usual  in  more  temperate  climates.  This  probably 
explains  the  fact  that  the  value  found  for  sawdust  is  larger  than  that 
usually  given  in  tables.  It  tends  to  emphasize  the  primary  importance 
of  air-tight  walls  for  the  space  surrounding  the  ice-chamber  and  containing 
the  insulating-material. 

The  sawdust  was  from  American  redwood.  The  coir  was  prepared  by 
hand,  and  lightly  rammed.  The  charcoal  was  the  ordinary  product  pre¬ 
pared  by  the  Natives.  Practically  the  same  value  was  obtained  with 
pieces  up  to  1J  in.  as  with  a  more  finely  powdered  material  with  pieces 
up  to  J  in.  The  chaff  was  imported. 

The  results  show  the  undoubted  superiority  of  coir,  which  is  also 
suitable  from  the  point  of  view  of  durability,  and  less  from  the  fact  that 
it  is  less  hygroscopic  than  the  other  materials. 

The  author  is  indebted  to  the  kindness  of  Mr.  Menzies,  of  the  Crown 
Estates  Department,  for  kindly  supplying  the  ice  ;  to  Mr.  Lofley  for  the 
construction  of  the  apparatus  ;  and  to  Mr.  A.  Tyndall,  Chief  Engineer, 
Public  Works  Department,  who  kindly  supplied  the  materials. 
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ASTRONOMICAL  NOTES. 

Ephemeris  of  a  Comet. 

By  C.  E.  Adams. 


Astronomers  in  the  Southern  Hemisphere  are  frequently  at  a  disadvantage 
compared  with  their  northern  colleagues,  as  practically  all  comet  predic¬ 
tions  reach  New  Zealand  too  late  to  be  of  use.  It  becomes  necessary, 
therefore,  to  undertake  such  calculations  in  New  Zealand,  and  to  this  end 
the  following  notes  have  been  prepared  in  sufficient  detail  to  enable  others 
to  apply  the  method. 

The  notation  adopted  is  that  given  by  Plummer*  in  his  Dynamical 
Astronomy.  The  calculation  of  the  comet’s  ephemeris  is  made  as  simple 
as  possible  by  adopting  equidistant  values  of  the  eccentric  anomaly.  This 
method  avoids  the  troublesome  solution  of  Kepler’s  equation.  A  slight 
disadvantage  arises  from  the  fact  that  the  resulting  positions  of  the  comet 
are  for  irregular  dates,  but  this  is  of  no  importance  in  an  ephemeris 
which  is  only  required  for  finding  the  comet. 

The  example  selected  is  the  Pons  Winnecke  comet,  of  which  the  following 
elements  were  calculated  by  Professor  Crawford  and  Miss  Levy  at  the 
Students’  Observatory  of  the  University  of  California  from  observations 
of  the  comet’s  positions  on  April  12,  19,  and  29 : — 


Time  of  perihelion  passage 
Perihelion  minus  node 
Longitude  of  node 
Inclination 

Perihelion  distance  .  . 
Eccentricity 
Periodic  time 


Elements. | 

. .  T 

1921  June  12-95  Gr.M 

.  .  w 

170°  34'. 

..  & 

97°  51'. 

i 

18°  50'. 

•  •  C1 

1  -040. 

e 

0-6779. 

..  P 

5-80  years  (assumed). 

The  comet  describes  an  ellipse  round  the  Sun  with  the  Sun  in  one 
focus. 

From  the  elements  the  following  particulars  of  the  ellipse  are  derived  : — 


Semi-major  axis  —  a  =  -  ^  -  =  3-22881  ; 
semi -minor  axis  —b=aV  1  —  e2  =  2-37367  ; 
mean  daily  motion  —  n  =  -a-  =  611-565"  (k  =  3548*1876") ; 
ae  =  a  —  q  =  2-18881 

lif  =  5-20925 

1  —  e 

\/ML-e  =  2-28238 
1  —  e2  =  0-54045 
Vl  -  e2  =0-73515. 


*  H.  C.  Plummer,  An  Introductory  Treatise  on  Dynamical  Astronomy ,  Cambridge, 
at  the  University  Press,  1918. 

t  Harvard  College  Observatory  Bulletin  751,  Cambridge,  Mass.,  U.S.A.,  1921,  May  4 
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The  values  of  the  mean  anomaly  are  derived  from  Kepler’s  equation, 

which  is  ,,  ,  m  n  •  -n 

M  =  n  (t  —  T)  =  E  —  e  sm  E, 


where  M  is  the  mean  anomaly,  n  is  the  mean  daily  motion,  T  is  the  time 
of  perihelion  passage,  t  is  the  time  corresponding  to  M,  E  is  the  eccentric 
anomaly,  e  is  the  eccentricity  of  the  ellipse. 

For  M,  n,  E,  and  e  in  seconds  of  arc  the  equation  is 


M  =  611-565"  (t  -  T)  =  E  —  139826-91"  sin  E. 


The  first  step  is  to  find  the  polar  co-ordinates  of  the  comet  for  given 
values  of  E.  The  selected  values  of  E  are  0°,  5°,  10°,  and  15°.  The 
calculations  when  E  =  5°  are  given  here.  For  E  =  +  15°,  M  =  5813'29"  ; 

hence  t  —  T  =  +  9*506  d.  ;  but  T  =  June  12-95,  hence  t  =  June  3*444, 

and  t  —  June  22-456. 

The  radius  vector  r  is  obtained  from  r  —  a  —  ae  cos  E  =  1-04833. 

The  true  anomalv  w  is  obtained  from  tan  4  w  =  \/ C-— 3  tan  4  E  or 
tan  i  w  =  2-28238  tan  J  E  ;  w  =  11°  22'  53*6". 

The  values  of  r  and  w  are  checked  by  the  following  equations  : 

r  sin  w  —  b  sin  E,  r  cos  w  =  a  cos  E  —  ae,  and  give 

r  sin  w  =  0-206879  \  r  cos  w  =  1-02771 1 

b  sin  E  =  0-206879)  a  cos  E  —  ae  —  1-02771  j 

In  this  way  the  following  polar  co-ordinates  of  the  comet  in  the  plane 
of  the  orbit  and  with  the  Sun  in  the  focus  are  obtained  : — 


E. 

r. 

w. 

Dates,  1921. 

-  15° 

1-1146 

-  33° 

26' 

54" 

May 

14-830. 

-  10° 

1-0732 

-  22° 

35' 

06" 

24-788. 

-  5° 

1-0483 

-  11° 

22' 

54" 

June 

3-445. 

0° 

1-0400 

0° 

0' 

0" 

12-95. 

+  5° 

1-0483 

+  11° 

22' 

54" 

22-455. 

+  10° 

1-0732 

+  22° 

35' 

06" 

July 

2-112. 

+  15° 

1-1146 

+  33° 

26' 

54" 

12-070. 

The  next  step  is  to  calculate  the  heliocentric  equatorial  co-ordinates  of 
the  comet. 

When  a  number  of  positions  is  to  be  calculated  considerable  labour  is 
saved  by  first  calculating  the  constants  for  the  equator.  The  constants  for 
the  equator  are  derived  from  the  following  equations  : — 

sin  a  sin  A  cos  S3 , 

sin  a  cos  A.  =  —  cos  i  sin  S3 , 

sin  b  sin  B  —  cos  eG  sin  S3 , 

sin  b  cos  B  =  cos  eD  cos  i  cos  S3  —  sin  sin  i, 

sin  c  sin  G  =  sin  e0  sin  S3 , 

sin  c  cos  C  =  sin  eo  cos  i  cos  S3  ~f  cos  sin  i, 

where  eG  -  the  obliquity  of  the  ecliptic  =  23°  27'. 

The  solutions  of  these  equations  give 

A  =  188°  17'  17",  log.  sin  a  =  9-97658,  sin  a  =  +  0-94749, 

B  =  105°  12'  29",  log.  sin  b  =  9-97396,  sin  b  =  +  0-94179, 

C  =  58°  10'  12",  log.  sin  c  =  9-66651,  sin  c  =  +  0-40400. 

The  constants  are  checked  by  the  following  equation  : — 

sin  b  sin  c  sin  (C  —  B)  =  sin  a  cos  A  tan  i 
sin  b  sin  c  sin  (C  —  B)  --  0-31979) 
sin  a  cos  A  tan  i  —  0*31979  j 

This  affords  a  sufficient  check. 
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The  heliocentric  equatorial  co-ordinates  of  the  comet  are 

—  r  sin  a  sin  (A  +  w  -f-  w)  =  r  X  0*94749  X  sin  (358°  51'  17"  +  w), 

y^~r  sin  b  sin  (B  -j-  a>  -f-  w)  =  r  X  0-94179  X  sin  (275°  46'  29"  4-  w), 

z4  —  r  sin  c  sin  (C  +  o>  +  w)  —  r  X  0-46400  X  sin  (228°  44'  12"  -j-  iv). 

For  E  =  +  5°,  r  =  1-04833,  and  w  =  -j-  11°  22'  54"  ; 

hence  z4  =  +  0-17652,  =  —  0-94337,  z4  =  —  0-42176. 

A  check  is  obtained  from  the  equation  a?42  -f-  y^2  +  z4.2  =  r2- 

In  this  case  cc42  +  y±2  +  z42  =  1*09898) 

and  r2  =  1-09899  i 


The  next  step  is  to  obtain  the  Sun’s  equatorial  co-ordinates  for  the 
date  corresponding  to  E  —  -j-  5°.  The  date  is  1921  June  22-455  G.M.T., 
and  for  this  date  the  co-ordinates  are  interpolated  from  the  British 
Admiralty  Nautical  Almanac ,  and  are 

X  =  —  0-01806,  Y  =  +  0-93237,  Z  =  +  0-40438. 

The  geocentric  distance  A,  the  right  ascension  a,  and  the  declination  8 
of  the  comet  are  obtained  from 

A  cos  a  cos  8  =  X  +  £C4, 

A  sin  a  cos  8  =  Y  +  y±, 

A  sin  8  =  Z  +  24  ; 

and  are  =  0-15978  astronomical  units  =  14-8  million  miles, 
a  —  23 h.  44m.  3s. 

8  =  6°  14'  28"  S. 


13 — Science. 
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The  ephemeris 
other  dates,  is  : — 


of  the  comet,  calculated  in  a  similar  manner  for  the 


1921 


Ephemeris. 


r  =  Distance  a  =  Distance 


G.M.T. 

R.A. 

Dec. 

from  Sun 
(Millions  of 

from  Ear 
(Millions 

June  12-95 

h.  m.  s. 

22  29  28 

15° 

32'  N. 

Miles). 

96-6 

Miles). 

13-0 

22-455 

23  44  3 

6° 

14'  S. 

97-4 

14-8 

July  2*112 

0  33  56 

20° 

40'  S. 

99-7 

19-3 

12-070 

1  5  11 

29° 

31'  S. 

103-5 

24-8 

A  check  of  the  elements  and  of  this  ephemeris  has  been  obtained  from 
the  observed  positions  of  the  comet,  which  agree  closely  with  the  predicted 


Fig.  2. 

Owing  to  the  increasing  distance  of  the  comet,  both  from  the  Sun  and 
from  the  Earth,  it  is  rapidly  becoming  fainter  and  is  now  a  telescopic 
object  and  not  visible  to  the  naked  eye. 

The  illustration  (fig.  1)  shows  the  Earth  and  Sun  in  the  plane  of  the 
ecliptic,  and  the  positions  of  the  comet  projected  on  to  the  ecliptic.  It 
will  be  noticed  that  the  comet’s  orbit  is  outside  the  Earth’s  orbit.  The 
corresponding  positions  of  the  comet  and  the  Earth  are  joined  by  a  line. 

Fig.  2  is  taken  from  Proctor’s  Southern  Skies ,*  and  on  it  are  shown 
the  four  positions  of  the  comet.  The  figure  shows  the  night  sky  at 
the  following  times  :  September  6,  at  1  a.m. ;  October  7,  at  11  p.m. ; 
November  7,  at  9  p.m. 

1921,  July  15. 


*  R.  A.  Proctor,  The  Southern  Sides ,  Longmans,  Green,  and  Co.,  London,  1896. 
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DEPARTMENTAL  REPORTS. 

Some  Results  from  the  Preliminary  Discussion  of  the  Annual 
Variation  of  Horizontal  Magnetic  Force  at  Christchurch. 

By  H.  F.  Skey,  B.Sc.,  Director  of  the  Magnetic  Observatory. 

(Communicated  by  the  Surveyor-General.) 

« 

In  view  of  the  relations  shown  in  the  last  Annual  Report  of  the  Department 
of  Lands  and  Survey  to  exist  between  the  annual  changes  of  H  in  1905,  1910, 
1914,  and  1919  it  was  of  exceeding  interest  and  importance  to  investigate 
further,  and  as  a  preliminary  the  apparent  annual  variations  in  each  avail¬ 
able  year  have  been  subjected  to  a  preliminary  degree  of  harmonic  analysis. 
The  results  have  fully  confirmed  expectations,  and  indicate  the  way  to 
further  research. 

Corrections  for  non-cyclic  secular  change  have  been  applied  to  the  data 
throughout  each  individual  year;  and  in  order  to  detect  periodic  variations 
the  amplitudes  and  phase  angles  at  January  0  d.  have  been  calculated  for 
the  first  four  harmonic  components  of  the  year’s  variation  in  H,  treated 
as  entirely  cyclic  within  the  twelve  months.  The  amplitudes  and  phase 
angles  are  found  to  exhibit  exact  relationships  between  different  years  in 
the  series  to  such  a  degree  that  it  is  confidently  expected  the  exact  laws 
followed  by  these  relationships  will  be  discovered,  and  that  we  shall  thus  be 
enabled  to  predict  the  value  of  H  in  future  years  and  months,  and  incidentally 
to  evaluate  the  true  annual  cyclic  variation. 

It  has  also  been  found  that  the  two  usually  principal  harmonic  com¬ 
ponents  of  P4  and  P2  amplitudes  and  of  initial  phase  angles  A4  and  A2 
at  January  Od.  are  in  the  same  phase  at  intervals  of  328-7  days,  or  the 
period  of  twelve  solar  synodic  rotations.  The  reality  of  this  period  is 
confirmed  by  other  considerations  ;  and  it  is  probably  the  principal  period, 
of  next  importance  to  the  year,  in  the  variations.  The  influence  of  the  sun¬ 
spot  period  is  also  seen,  but  an  exact  eleven-year  period  seems  very 
doubtful. 

As  an  instance  of  the  surprising  exactness  of  the  relations  obtained  it 
may  be  noted  that  the  value  of  P3  is  2-8  y  in  the  analysis  of  each  of  the 
years  1910,  1916,  1920  ;  that  P4  =  1-44  in  each  of  the  years  1905  and  1920  ; 
that  P2  in  1.920  =  twice  P4  in  1918  ;  that  P2  1920  —  P3  1920  =  5-88  = 
P2  in  1905  exactly  ;  that  in  1918  (the  year  of  sun-spot  maximum)  P.,  -f-  P3 
=  7-63  —  2  (P2  — -  P4). 

With  regard  to  initial  amplitude,  it  is  noted  more  especially  that  1914 
a3  =  +  1-44  ;  1917  a3  =  —  1-44  ;  and  with  regard  to  the  b  co-efficients, 
it  is  noted  more  especially  that  1917  &4  =  —  1-21  ;  1918  &4  =  - 4-  1-21. 
Note  also  1910  a,  (+  7-12)  -  1915  a,  (+  2-77)  =  +  4-37  =  P4  in  1918  ; 
and  1917  at  (+  0-51)  ~f  1918  a2  (+  4-58)  =  5-09  =  P2  in  1918. 

It  is  also  true  that  a2  in  1918  —  exactly  P2  in  the  annual  analysis  of 
the  mean  year  for  the  period  1914  to  1919  inclusive — an  attempt  b)7 
the  method  of  jumbles  to  get  average  value  for  the  twelve -monthly 
period. 
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It  was  to  be  expected  that  analysis  would  show  that  the  variations  in 
1905,  1910,  1914,  and  1919  were  especially  related.  It  must  be  a  fact 
that  all  four  melodics  must  be  simple  which,  when  played  two  together  in 
pairs,  produce  almost  exactly  the  same  symphony  instead  of  discord  ;  and 
it  was  found  to  be  so,  in  that  not  only  were  the  amplitudes  of  the  com¬ 
ponents  related  in  magnitude,  but  the  phase  angles  in  each  year  evinced 
curious  simple  relations.  For  example,  in — 

1905  A  2  =  1241°,  A4  =  551°;  sum  =  180°. 

-.q^fAj  =  123°,  A g  =  243°;  differing  by  120°. 

{ A2  =  109°,  A4  —  197°  ;  differing  by  nearly  90°. 

•jo-,  a  f  A2  =  71  J°,  A4  =  200°  ;  sum  -  270°  very  nearly. 

|  A 4  ='240°,  A3  =  52°  ;  differing  by  180°  nearly. 

1919  A 4  =  169J°,  A3  =  231°  ;  differing  by  60°  nearly. 

As  further  evidence  of  a  connection  over  a  nine-years  period  we  have — 

1904,  P4  -  P3  =  4-87  -  2*28  =  2-59  y 

1913,  P2  —  P4  =  3-61  —  1-03  =  2-58 

1902,  P'  +  P4  =  2*77  +  2-95  =  5-72 

=  2  X  2-86  (noted  above)  ; 
also  1918,  P0  +  P4  =  5-09  +  1-26  =  6-35 

1913,  P2  +  P4  =  3-61  4-  2-70  =  6-31  ; 

and  P4  in  1915  =  3*05  =  P4  in  1917. 

The  year  1916  seems  rather  a  centre  of  interest. 

1902,  P4  —  2-77  =  P4  in  the  average  year  of  1914  to  1919  inclusive. 

In  1914-1919  inclusive  (average  annual  variation)  : — 

P4  =  2-77  ;  A,  =  101°  =  90°  +  11°. 

P9  =  4-59  ;  A2  =  971°. 

P3  =  1-34  ;  A3  =  349°  =  360°  —  11°. 

P4  =  0-42  ;  A4  =  22°. 

It  may  be  said  that  all  these  relations  are  very  important,  and  that  an 
extended  analysis  in  a  328-7-day  period  (or  succession  of  periods,  rather) 
is  of  the  utmost  importance  to  evaluate  the  influences  at  work  in  that 
period.  The  evidence  of  the  vast  compelling-power  of  the  sun’s  rotation  is 
indisputable. 

The  analysis  will  be  proceeded  with.  As  an  interesting  and  perhaps 
very  important  fact  it  is  remarkable  that,  taking  the  annual  curve  for  a 
year  of  sun-spot  minimum  (1913),  and  the  annual  curve  for  a  year  of  sun¬ 
spot  maximum  (1918),  the  areal  difference  of  the  curves  for  the  first  half 
of  the  years  is  exactly  equal  to  the  areal  difference  in  the  second  half. 
Nowhere  previously  have  such  exact  relations  been  shown  to  exist  in  the 
separate  analyses,  and  the  discussion  of  annual  inequalities  has  received 
little  attention  of  late  years.  Proceeding  on  different  lines,  Dr.  L.  A. 
Bauer  has  lately  achieved  considerable  success  in  correlating  the  variations 
of  solar-spottedness  with  magnetic  values  at  a  few  stations  with  a  view 
to  future  prediction,  but  the  correlation  is  far  from  exact,  and  only  approxi¬ 
mately  so  in  the  case  of  some  equatorial  stations. 

The  publication  of  the  above  results  may  lead  to  further  activity  in 
this  particular  branch  of  analytical  investigation,  which  is  undoubtedly 
the  correct  way  of  proceeding  to  accurate  prediction,  but  much  patient 
work  remains  to  be  done.  It  must  not  be  lost  sight  of  that  in  the  annual 
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period  part  of  the  inequalities  are  due  to  variations  which  may  be  expected 
to  change  their  phase  through  180°  at  the  solstices,  which  introduces  a 
minor  complication  that  cannot  be  disregarded. 

The  possibility  is  also  introduced  that  the  solar  variations  that  are 
themselves  of  long  period — e.g.,  sun-spot  variability  and  “  solar  constant  55 
variability — may  be  themselves  the  product  of  harmonic  solar  variations  of 
shorter  period,  probably  of  variations  occurring  in  the  various  complete 
multiples  of  the  periods  of  solar  rotation.  It  seems  probable  that,  in  the 
case  of  a  fluid  rotating  body  such  as  the  sun  losing  heat  by  radiation, 
under  the  influence  of  even  minute  tide -generating  forces  small  tides  or 
seiches  will  be  generated,  which  will  be  probably  persistent  if  their  period 
is  a  multiple  of  the  rotation-period,  and  by  their  disturbance  of  radiation 
their  effects  may  be  communicated  to  our  earth.  In  this  connection  it 
would  be  unwise  to  forget  that  given  any  kind  of  “  valve  ”  action,  with 
an  immense  reservoir  of  energy  such  as  the  sun,  an  immense  magnification 
of  effect  may  be  possible. 


The  Recent  Magnetic  Storm,  14th  to  17th  May,  1921. 

By  H.  F.  Skey,  B.Sc.,  Director  of  the  Magnetic  Observatory,  Christchurch,, 
(Communicated  by  the  Surveyor-General). 

Plates  I  and  Ia. 

The  storm  commenced  suddenly  at  12  h.  38  m.  a.m.,  14th  May,  N.Z.S.T. 
The  recognized  sudden  commencement  occurred  some  hours  before  there 
was  any  departure  from  the  ordinary  type  of  slightly  disturbed  day 
(figs.  1,  2,  and  3).  It  usually  occurs  just  before  the  large  amplitudes  of  the 
oscillations. 

The  commencement  was  characterized  by — 

(1.)  A  very  sudden  decrease  of  ( —  3')  declination,  which  much  less 
rapidly  reversed  to  -f-  4',  the  declination  then  gradually  returning 
to  initial  value  in  twenty  minutes  (fig.  1). 

(2.)  A  very  rapid  seven-stepped  sudden  increase  of  the  horizontal  force, 
amounting  to  120  y  at  1  h.  38m.  a.m.,  14th  May,  followed  (fig.  2), 
(3.)  A  second  much  slower  swing,  opposite  to  the  preceding,  about  two 
and  a  half  hours  after  the  sudden  commencement. 

(4.)  A  less  well-defined  and  still  slower  swing  about  five  hours  after  (3), 
and  followed  by  large  storminess. 

(5.)  About  the  time  of  (1)  the  vertical  force  increased  suddenly  about 
12  y,  decreasing  again  thereafter  to  previous  value  (fig.  3). 

From  9.30  a.m.  to  11.30  a.m.,  15th  May,  the  oscillations  of  the  horizontal 
force  were  too  rapid  to  be  recorded,  and  again  from  2.30  p.m.  to  4.30  p.m., 
15th  May  (fig.  5  and  Plate  Ia). 

The  range  of  the  horizontal  force  was  over  750  y,  and  the  declination 
over  170",  or  about  3°. 

Large  oscillations  of  the  horizontal  force  continued  to  1  a.m.,  16th  May. 
A  marked  oscillation  very  like  a  reversal  of  the  sudden  commencement 
occurred  at  1  h.  5  m.  a.m.,  16th  May  (Plate  Ia). 

On  the  16th  a  recrudescence  of  effects  occurred  from  1  p.m.,  but  on  this 
day  the  effects  were  milder,  the  horizontal  force  generally  decreasing  up  to 


Fig.  1. — Declination  E.  of  N.,  Christchurch,  13th  May,  1921. 


Fig.  5. — Magnetic  horizontal  force,  Christchurch,  14th  May,  1921. 
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Fig.  7. — Magnetic  horizontal  force,  Christchurch,  16th  May,  1921. 
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9.30  p.m.,  and  thereafter  increasing  generally  to  the  next  day  (figs.  6 
and  7). 

The  recorded  range  of  the  horizontal  force  between  7h.  30  m.  p.m., 
16th  May,  and  1.30  a.m.,  17th  May,  was  200  y,  but  it  was  probably  slightly 
larger  than  this,  as  the  general  diminution  brought  the  recording-light 
spot  to  the  limit.  About  9.30  a.m.,  17th  May,  a  tendency  to  further 
disturbance  was  evident. 

With  the  phenomena  in  the  horizontal  force  noted  at  sudden  commence¬ 
ment  and  afterwards  in  (2)  and  (3)  there  are  associated  phenomena  in  the 
declination. 

About  6h.  48  m.  a.m.  on  the  14th  there  is  an  almost  similar  oscillation 
to  the  first  sudden  commencement  on  a  smaller  scale,  and  it  is  curiously 
almost  absent  in  the  horizontal  force. 

With  further  reference  to  the  above,  and  the  extraordinary  nature  of 
the  magnetic  effects,  I  should  like  to  draw  attention  to  a  curious  fact,  no 
doubt  associated  with  the  existence  of  solar  seiches  or  oscillations  in  its 
period  of  rotation — namely,  that  on  the  18th  April  at  17  h.  35  m.  G-.M.C.T. 
{19th  April,  5h.  5  m.  a.m.  N.Z.S.T.)  a  very  pronounced  disturbance  of 
the  horizontal  magnetic  force  occurred — a  “  sudden  commencement  ”  quite 
similar  to  that  which  occurred  on  the  13th  May  at  13  h.  8  m.  G-.M.C.T. 
(14th  May,  12  h.  38m.  a.m.  N.Z.S.T.).  The  interesting  point  is  that  the 
interval  between  these  two  similar  phenomena  was  24-94  days,  or  exactly 
the  period  of  the  absolute  rotation  of  the  sun’s  equatorial  belt. 


The  Magnetic  Storm  of  May  13-14,  1921  :  Observations  at 

Samoa  Observatory. 

By  G.  Angenheister  and  C.  J.  Westland. 
(Communicated  by  the  Department  of  External  Affairs.) 

Plate  II. 

A  =  11  h.  27  m.  6  s.  W. ;  </>  =  13°  48' S. 

In  the  following  notes  Greenwich  civil  mean  time  is  used.  The 
motions  of  the  north  end  of  the  magnet  to  east  and  downward  are 
reckoned  positive.  A  D  =  V  corresponds  to  10 y.  The  mean  values  of 
the  magnetic  elements  during  five  quiet  days  preceding  the  storms  are — 
H  =  0-35263,  D  =  10°  12‘5'  E,  Z  =  -  0-20380  (approx.). 

Preliminary  Disturbance. 

Gradual  increase  in  H  begins. 

Sudden  commencement.  A  H  =  -f-  20  y. 

Maximum  in  H. 

Minimum  in  H.  Max.  —  min.  =  100  y. 

First  Storm. 

May  13  d.  13  h,  9  m.  Sudden  commencement.  A  H  =  4-  70  y  ;  A  D  = 

+  1';  A  Z  =  —  20  y. 

13  d.  13 h.  9  m.  Maximum  in  H. 

14  d.  5  h.  53  m.  Minimum  in  H.  Max.  —  min.  =  210 y. 


May  12  d.  6 h. 

8  h.  13.5  m. 
8h.  14m. 
12  h. 
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Second  (Main)  Storm. 


May  14  d.  22  li.  13  m. 


May  15d.  Oh.  15m. 

15 d.  5h.30m. 

15 d.  4h.42m. 

15  d.  5h.  30  m. — 
15 d.  5 h.  30 m, 

10  h.  30  m. 


Sudden  commencement  of  the  principal  storm 
with  a  sine-curve  motion  in  H  and  Z,  of  about 
two  hours’  duration.  Amplitude  in  H,  —  150 y  \ 
in  Z,  100  y. 

Beginning  of  the  fall  to  a  minimum  in  H.  At  this 
time  H  =  0-35220  ;  Z  =  —  0-20350. 

Min.  H  —  0-34300. 

Min.  Z  =  —0-20270. 

5h.  45m.  Sudden  fall  in  Z.  A  Z  =  —  65 y. 

Beginning  of  recovery  in  H. 

Change  of  velocity  in  recovery  of  H,  and.  beginning 
of  a  comparatively  quiet  period.  Between  maxi¬ 
mum  at  Oh.  15m.,  and  minimum  at  5h.  30m., 
A  H  =  920  y,  and  A  Z  =  —  75  y. 


Third  Storm  (Repetition  of  the  Main  Storm). 

May  16  d.  1  h.  27  in.  Sudden  commencement.  A  H  =  +  20y;  A  Z  — 

—  10  y . 

10  h.  Minimum  in  H.  H  =  0-34875. 

13  h.  Beginning  of  a  quiet  period.  A  H,  max.  (2h.)  — 

min.  (lOh.)  =  160y.  A  Z,  min.  (2h.)  — max. 
(7h.)  =  — 60y. 

May  13d. — 16 d.  H  max.,  13d.  13 h.  9m.  H  =  0-35305. 

H  min.,  15 d.  5h.  30m.  H  =  0" 34300. 

A  H  =  1000  y. 

Z  max.,  15 d.  4h.  42m.  Z  =  —  0-20270. 

Z  min.,  15 d.  10 h.  40m.  Z  =  —  0*20427. 

AZ  =  157  y. 

On  May  15  d.  5§h.-6jh.,  Greenwich  (6.15-7  p.m.,  May  14,  local  mean 
time),  a  display  of  the  aurora  australis  was  observed  at  this  Observatory. 
There  is  a  range  of  mountains  from  600-700  m.  high  to  the  south,  distant 
about  10  km. ;  and  above  this  the  light  could  be  seen  in  the  form  of  a 
segment  of  a  circle,  and  reaching  to  an  altitude  of  22°  determined  from 
star  positions  noted.  It  covered  probably  an  arc  of  about  25°  along  the 
horizon,  and  the  centre  was  apparently  close  to  the  magnetic  meridian. 
In  spite  of  the  moonlight  (first  quarter),  and  a  little  twilight  as  well,  the 
light  was  very  conspicuous  and  of  a  glowing  red  colour.  The  point  of  the 
greatest  intensity  appeared  to  move  from  east  to  west  at  about  6h.  20  m, 
Greenwich  time,  and  traces  of  a  brighter  yellow- coloured  streamer  were 
noticed  at  the  same  time.  The  sky  was  quite  free  from  cloud  at  this  hour ; 
later  on  some  small  fracto -cumulus  were  experienced,  but  no  cirrus  clouds 
were  seen.  No  signs  of  the  light  were  seen  after  7  p.m. 

Reports  from  Tongatabu,  7°  south  of  Samoa,  state  that  the  light  was 
observed  there  also  to  the  south.  A  very  bright  display  was  also  seen  in 
New  Zealand. 

The  wireless  station  in  Samoa  was  in  communication  with  Newr  Zealand 
during  the  time  of  the  aurora,  and  the  conditions  were  considered  to  be 
unusually  good. 

At  local  noon  on  May  14  three  spots  were  observed  on  the  sun,  two  of 
them  close  to  the  centre.  This  time  is  not  far  away  from  the  time  of  com¬ 
mencement  of  the  greatest  disturbance.  These  two  were  certainly  large 
spots,  but  were  not  thought  to  be  of  the  largest  type. 

On  May  20  a  period  of  thunderstorms,  exceptionally  frequent  and  heavy, 
began,  and  continued  for  more  than  a  week.  This  is  unusual  in  Samoa, 
especially  at  this  time  of  year. 
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NATURAL-HISTORY  NOTES. 

On  the  Larval  Habits  of  the  Ant-lion  ( Myrmeleon  acutus  Walker),  by 

H.  Hamilton,  Dominion  Museum. 

In  January  last,  when  camping  at  Rangataua,  on  the  slopes  of  Mount 
Ruapehu,  I  had  exceptional  opportunities  for  studying  the  larvae  of  the 
ant-lion  ( Myrmeleon  acutus).  In  the  vicinity  of  our  camp,  on  the  banks 
of  a  stream  flowing  down  from  the  mountain,  were  many  colonies  of  the 
larvae  in  all  stages  of  development.  Although  my  observations  were 
limited  by  a  holiday  of  ten  days’  duration,  and  consequently  were  not  as 
complete  as  possible,  I  feel  that  what  I  observed  should  be  placed  on 
record.  Little  has  been  published  on  the  habits  of  the  New  Zealand 
species. 

With  regard  to  the  situation  of  these  colonies,  it  seems  essential  that 
they  be  established  where  the  soil  is  dry  and  sandy.  Overhanging  banks 
of  rivers  and  creeks  above  flood-level  are  generally  chosen,  while  a  sunny 
aspect  seems  desirable.  The  pitfalls  or  traps  constructed  by  the  larvae 
vary  in  size  according  to  the  development  of  the  individual,  and  possibly 
also  with  respect  to  the  composition  of  the  surface  soil.  The  angle  of  rest 
of  the  material  composing  the  trap  may  be  variable.  In  size  the  traps 
range  down  from  2  in.  in  diameter,  and  the  deepest  hole  measured  was  1J  in. 

On  several  occasions  I  was  fortunate  in  seeing  the  actual  making  of  these 
pitfalls.  After  searching  a  colony  for  larvae  I  made  it  a  practice  to  care¬ 
fully  smooth  out  the  ground  and  come  back  after  dark.  Apparently  all 
the  excavating-work  is  done  under  the  cover  of  darkness.  It  was  then  that 
I  was  treated  to  a  lesson  in  mechanical  engineering.  On  deciding  to  con¬ 
struct  a  new  trap,  the  larva,  having  selected  the  site,  comes  to  the  surface 
of  the  ground  from  below  and  commences  operations.  Progression  or, 
strictly  speaking,  movement  is  always  backwards,  and  the  larva  even  at 
night  traverses  the  ground  under  cover  of  a  thin  layer  of  soil  or  sand.  The 
site  having  been  finally  selected,  the  worker  proceeds  to  traverse  in  an  anti¬ 
clockwise  direction  the  outer  perimeter  of  the  intended  trap,  finally  reach¬ 
ing  the  original  starting-point.  This  traverse  is  attended  by  a  scooping  or 
shovelling  action  by  the  head  of  the  larva,  assistance  being  rendered  in 
gathering  the  debris  by  the  fore  legs. 

The  material  gathered  on  the  head  is  jerked  to  some  distance,  falling 
outside  the  boundary  of  the  trap.  After  one  circuit  is  completed  in  this 
manner  the  larva  starts  again  on  another  round  just  inside  the  first  circle, 
practically  in  the  form  of  a  decreasing  spiral.  The  scooping  action  is 
continued,  and  soon  the  surface  is  lowered  by  one  terrace.  By  repeating 
the  whole  process  in  a  circle  of  smaller  diameter  another  layer  is  ejected. 
Finally,  after  about  four  rounds,  the  trap  is  in  the  form  of  an  inverted  cone. 
When  satisfactorily  finished,  the  larva  takes  up  a  position  at  the  bottom 
of  the  pitfall,  buried  in  the  sand,  yet  with  its  formidable  jaws  ready  for 
instant  action.  I  found  the  food  of  the  larvae  to  be  very  general.  Ants, 
flies,  wetas.  wood-lice,  and  spiders  are  all  relished  for  their  juices,  which 
are  extracted  by  the  larva  without  relaxing  its  jaws. 

When  fully  fed  the  larva  spins  a  globular  silk  cocoon  about  \  in.  in 
diameter,  covered  on  the  outside  with  particles  of  sand.  In  this  it  pupates, 
and  finally  emerges  from  a  small  circular  opening  through  which  the  pu'pal 
skin  remains  protruding. 
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Island  Bay,  Wellington,  a  Collecting-ground  for  Marine  Algal  Vegeta¬ 
tion,*  by  R.  M.  Laing,  M.A.,  B.Sc. 

Island  Bay  is  one  of  the  best  collecting-grounds  in  New  Zealand  for 
seaweeds.  This  is  due  to  several  causes,  but  the  chief  of  these  probably 
is  the  presence  of  a  coastal  shelf  full  of  deep  rock-pools,  and  running  in 
many  places  for  100  yards  or  more  out  to  the  sea.  In  the  pools,  often 
10ft.  to  15  ft.  deep,  many  of  the  more  delicate  species  flourish,  and  the 
heavy  sweep  of  the  tidal  currents  throws  up  the  beach  vast  quantities  of 
other  species  in  the  drift-weed. 

Though  not  so  rich  a  collecting-ground  as  Melbourne  Heads — perhaps 
the  richest  in  the  world — still  a  thorough  investigation  would  probably 
yield  a  list  of  250  species.  At  high -tide  mark  the  usual  cosmopolitan 
forms  of  Viva,  Porphyra,  Enteromorpha,  and  Bangia  abound.  In  the 
shallower  tidal  pools  are  the  fucoids,  differing  largely  in  genera  and 
species,  however,  from  those  of  the  Northern  Hemisphere.  The  monotypic 
Hormosira  ( H .  Baxksii ),*  with  its  strings  of  pale-brown  beads,  is  sure  to 
attract  attention.  With  it  are  species  of  the  southern  genera  Cystophora 
and  .Carp  ophy  Hum  (replacing  the  northern  Sargassum).  Fucus  is  entirely 
wanting.  In  deeper  pools  the  Laminarians  become  more  frequent,  and 
are  represented  by  Ecklonia,  Lessonia,  and  the  well-known  Macrocystis , 
the  last,  however,  usually  forming  a  fringe  in  deeper  water  round  the 
rocks.  On  the  most  exposed  surf-beaten  rocks  are  immense  masses  of 
the  broad-banded  leather-like  kelp  D'  Urvillaea. 

The  genera  of  the  red  seaweeds  of  the  pools  are  the  same  as  those  on 
the  English  or  American  coast,  but  the  species  are  usually  different. 
Rhodomelas,  Polysiphonias,  Ceramiums,  and  Callithamnions  abound.  Here 
and  there,  however,  the  pools  are  carpeted  with  green  species — e.g., 
Caulerpa  sediodes  and  Lychaete  Darwinii.  Many  Corallines,  not  unlike 
the  European  species,  also  occur.  Generally  speaking,  there  is  a  high 
percentage  of  endemic  forms,  a  distinct  subantarctic  element  (e.g.,  D’Urvil- 
laea,  Adenocystis,  Lessonia ,  Splachnidi'um),  a  number  of  Australian  forms 
(e.g.,  Hormosira,  Fucodium ,  Cystophora),  and  a  few  cosmopolitan  types. 
Altogether,  the  Island  Bay  coast  gives  splendid  opportunities  for  studies 
of  the  seaweeds,  and  provides  unlimited  material  of  many  comparatively 
little-known  species. 

Some  North  Auckland  Marine  Mollusca,  by  A.  W.  B.  Powell,  Auckland. 

The  object  of  this  note  is  to  place  on  record  a  few  observations  on  the 
Mollusca  collected  by  myself  while  on  a  trip  to  Whangarei  and  the  Bay 
of  Islands  in  November,  1920. 

Cellana  stellifera  (Gmelin). — Large  numbers  of  this  species  occur  on 
the  rocks  at  low  water  at  Busby  Head,  Whangarei  Heads.  I  collected 
sixty  large  specimens  on  one  trip,  the  largest  having  a  length  of  72  mm., 
breadth  58  mm.,  and  height  20  mm. 

Fossarina  rimata  Hutton. — While  walking  on  the  oyster-covered  rocks 
at  Tokitoki  Point,  Bay  of  Islands,  I  happened  to  dislodge  some  of  the 
shells,  and  underneath  found  living  specimens  of  the  above  species,  and 
also  some  minute  bivalves  which  I  have  not  yet  identified. 


*  This  note  is  reprinted  from  the  Handbook  for  Scientific  Visitors,  Wellington,  1914, 
a  booklet  prepared  in  anticipation  of  a  visit  of  members  of  the  British  Association. 
The  number  of  copies  of  this  publication  printed  and  distributed  was  very  small. 
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Umbonium  anguliferum  (Philippi),  ( Ethdlia  zelandica  Hombron  and 
Jacquinot). — I  was  much  surprised  at  finding  the  above  species  living  in 
the  littoral  zone  in  enormous  numbers  at  Marsden  Point.  This  is  an 
interesting  find,  as  the  species  has  previously  been  found  living  only  in 
the  laminarian  zone.  At  low-water  mark  as  far  as  the  eye  could  see 
there  was  quite  a  belt  formed  of  these  molluscs.  They  were  very  active 
little  creatures,  and  moved  about  by  first  extending  and  then  jerking  the 
foot,  causing  the  shell  to  turn  over.  The  foot  was  as  long  as  the  width 
of  the  shell,  and  carried  a  small,  circular,  horny  operculum. 

Lepsiella  scobina  var.  rutila  Suter.— I  found  only  one  specimen  of  this 
variety  associated  with  the  species  at  Onerahi,  Whangarei.  It  is  an 
exceptionally  fine  specimen,  36  mm.  in  height. 


UNIVERSITY  AND  SCIENTIFIC  NEWS. 
University  of  New  Zealand. 

At  its  January  meeting  the  University  Senate  adopted  a  number  of 
proposals  of  interest  to  science,  chief  among  which  are  two  new  degrees 
and  a  definite  syllabus  in  the  “advanced”  subject  “  physical  technology 
and  laboratory  arts  ”  in  the  B.Sc.  degree. 

Degree  of  Doctor  of  Philosophy. 

The  Senate  resolved  to  institute  a  research  degree  of  Doctor  of 
Philosophy,  and  adopted  the  following  proposals  of  the  Board  of  Studies 
in  regard  to  it : — 

I.  The  Degree  of  Doctor  of  Philosophy  (Ph.D.)  may  be  conferred  on  persons  who 
have  graduated  in  this  or  any  other  approved  university  in  the  faculties  of  arts, 
science,  law,  engineering,  agriculture,  or  commerce. 

II.  A  candidate  for  the  degree  of  Doctor  of  Philosophy  must  pursue  a  course  of 
advanced  study  and  research  in  one  of  the  University  colleges  for  a  minimum  period 
of  three  years  after  passing  the  examination  for  the  Bachelor’s  degree,  or  two  years 
after  passing  the  examination  for  the  Master’s  degree  :  Provided  that  after  the  first 
year  of  the  course  a  candidate  may  be  permitted,  on  the  recommendation  of  his 
Professorial  Board,  to  devote  such  periods  as  may  be  deemed  advisable  to  research 
elsewhere  under  conditions  approved  by  the  University. 

III.  Before  the  commencement  of  the  course  of  advanced  study  and  research  the 
candidate  shall — 

(a)  Have  fulfilled  the  condition  laid  down  in  clause  I  : 

(b)  Submit  his  proposed  course  of  study  to  the  Professorial  Board  of  his  college 

for  approval,  and  give  satisfactory  evidence  of  adequate  training  and 
ability  to  pursue  this  proposed  course  : 

(c)  Apply  to  the  University,  through  the  Professorial  Board,  for  registration  as  a 

cam  didate  for  the  degree  of  Ph.D.  : 

Provided  that  graduates  who  have,  before  the  coming  into  force  of  these  regu¬ 
lations,  fulfilled  the  condition  of  a  year’s  post-graduate  study  may  apply  to  the 
University  for  recognition  of  that  year’s  study  for  the  purpose  of  these  regulations. 

IV.  A  candidate  may  be  required  to  take  special  courses  of  instruction  in  depart¬ 
ments  other  than  the  one  mainly  concerned  with  his  course  as  well  as  in  the  subject 
in  which  he  proposes  to  pursue  advanced  study  or  research. 

All  candidates  must  give  evidence  of  a  good  reading  knowledge  of  at  least  one 
of  the  following  foreign  languages — French,  German,  Italian — except  in  the  case  of 
law,  when  a  reading  knowledge  of  Latin  may  be  accepted. 
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V.  On  or  before  the  1st  July  in  the  final  year  of  the  course  a  candidate  must  apply 
to  the  University  to  be  examined,  and  not  later  than  the  1st  November  following  must 
submit  at  least  two  copies  of  a  thesis  or  published  work  (accompanied  by  a  short 
abstract).  The  copies  of  the  thesis  will  be  retained  by  the  University. 

VI.  The  thesis  shall  be  submitted  to  an  examiner  who  is  a  specialist  in  the  subject 
of  the  thesis.  This  examiner  may  be  a  teacher  in  one  of  the  affiliated  institutions. 

VII.  A  candidate  shall  submit  himself  to  an  oral  examination  on  the  subject  of 
the  thesis  and  on  the  general  field  to  which  the  subject  belongs,  and  may  also  be 
required  to  present  himself  for  a  written  or  other  examination. 

For  the  purpose  of  this  clause  the  examiners  shall  be  the  teacher  under  whom  the 
candidate  has  pursued  his  course  for  the  degree,  together  with  the  specialist  to  whom 
the  thesis  has  been  submitted,  but  if  this  specialist  is  outside  New  Zealand  another 
external  examiner  shall  be  appointed  for  the  purpose. 

Degree  of  Bachelor  of  Science  in  Forestry. 

Regulations  adopted  for  this  degree  are  as  follows  : — 

I.  Every  candidate  for  the  Degree  of  Bachelor  of  Science  in  Forestry  must 
matriculate  and  thereafter  follow  a  four-years  course  of  study,  keeping  terms  in  accord¬ 
ance  with  the  statute  “  Terms  and  Lectures,”  and  pass  the  examinations  hereinafter 
prescribed. 

II.  There  shall  be  an  Intermediate  Examination  and  three  Professional  Examina¬ 
tions. 

III.  The  subjects  of  the  Intermediate  Examination  shall  be — 

1.  Mathematics — as  defined  for  the  Preliminary  Examination  in  Engineering. 

2.  Biology  . .  . .  ~j 

3.  Physics  .  .  . .  )>As  for  Intermediate  Examination  for  M.B.,  Ch.B. 

4.  Inorganic  Chemistry  J 

The  prescriptions  for  the  Professional  Examinations  have  not  yet  been 
decided  upon. 

Syllabus  in  Physical  Technology  and  Laboratory  Arts  as  an 
“  Advanced  ”  Subject  in  the  B.Sc.  Degree. 

(Two  papers.) 

General  Physics  and  Heat. — Elastic  properties  of  materials,  metrology,  calorific 
values,  high  temperatures,  second  law  of  thermo -dynamics,  the  jaoduction  of  low 
temperatures,  convection  and  circulation  of  liquids  and  gases,  meteorology. 

Light. — Microscopy,  ultramicroscopy,  photography,  photomicrography,  photo¬ 
metry,  spectro-photometrv,  practical  illumination. 

Magnetism,  and.  Electricity. — The  electric  arc.  filament  lamps,  electric  furnace ; 
the  general  principles  underlying  the  installation  and  working  of  D.C.  and  A.C. 
generators  and  motors,  storage  batteries,  transformers,  commercial  measuring  instru¬ 
ments  and  fittings  :  electrolytic  methods,  telephony,  X-ray  installations,  rectifiers, 
ionic  valves,  self-induction,  and  capacity  ;  principles  of  wireless  telegraphy  and 
telephony. 

A  candidate  will  be  required  to  forward  to  the  Registrar,  before  the  examination, 
a  certificate  from  a  teacher  of  the  subject  in  an  affiliated  institution  that  he  has  attended 
the  laboratory  for  practical  work  in  the  subject  for  not  less  than  five  hours  weekly 
during  the  course  and  done  his  work  to  the  satisfaction  of  the  teacher. 

Syllabus  of  Practical  Worlc. 

(1.)  Mechanical  Manipulation. — Glass,  working  and  grinding  ;  soldering  ;  work¬ 
shop  handicraft ;  construction  of  apparatus  from  sketches  and  drawings. 

(2.)  General  Physics  and  Heat. — Elementary  tests  of  elastic  properties  of  materials  ; 
viscosit}^ ;  practical  metrology  :  high  temperature  measurements. 

(3.)  Light. — Practical  photography  and  the  making  of  lantern-slides,  practical 
photometry,  spectro-photometry,  test  and  calibration  of  optical  instruments,  use  of 
refractometer  and  polarimeter. 

(4.)  Magnetism  and  Electricity. — Tests  of  conductors,  insulators,  and  of  magnetic 
materials :  standardization  of  measuring-instruments ;  practical  use  of  generators, 
motors,  and  transformers ;  wireless  telegraphy  and  telephony,  including  measure¬ 
ments  ;  electro-deposition  of  metals. 
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Presentation  of  Hector  and  Mueller  Medals. 

At  a  special  meeting  of  the  Philosophical  Institute  of  Canterbury 
on  the  27th  July  the  Hector  medal,  awarded  for  work  in  geological 
research,  was  presented  to  Mr.  R.  Speight,  and  the  Mueller  medal,  for 
research  work  in  biology,  was  presented  to  Dr.  Charles  Chilton.  Professor 
T.  H.  Easterfield,  Director  of  the  Cawthron  Institute,  presented  the 
first  in  his  capacity  as  President  of  the  New  Zealand  Institute,  and  the 
second  as  deputy  of  the  President  of  the  Australasian  Association  for 
the  Advancement  of  Science. 


Fellows  of  the  New  Zealand  Institute. 

A  notification  was  published  in  the  New  Zealand  Gazette  of  23rd  June, 
1921,  “  that  at  the  annual  meeting  of  the  Board  of  Governors  of  the 
New  Zealand  Institute  held  22nd  and  24th  January,  1921,  the  following 
were  elected  to  the  Fellowship  of  the  Institute  : — 

“  Charles  Andrew  Cotton,  D.Sc.,  A.O.S.M.,  F.G.S. 

“  Frederick  William  Hilgendorf,  B.A.,  D.Sc. 

“  Reverend  John  Ernest  Holloway,  L.Th.,  D.Sc. 

“  James  Park,  M.Am.Inst.M.E.,  M.Inst.M.M.,  F.G.S.” 


CORRESPONDENCE. 

Origin  of  the  Upper  Waitaki  Depression. 

Sir, — In  his  very  useful  Notes  on  a  Geological  Excursion  to  Lake 
Tekapo  ”  [Trans.  N.Z.  hist.,  vol.  53,  pp.  37-46,  1921)  Mr.  R.  Speight 
suggests  that  in  my  “  Block  Mountains  in  New  Zealand  ”  ( Amer .  Journ. 
Sci.,  vol.  44,  pp.  249-93,  1917)  I  accepted  an  explanation  given  by  Kitson 
and  Thiele  of  the  origin  of  the  Upper  Waitaki  depression  which  conflicted 
with  my  own  explanation  of  the  features  of  Central  Otago— an  explanation, 
I  may  add,  which  I  extended  to  the  whole  surface  of  New  Zealand,  and 
which  Mr.  Speight  also  adopts  for  the  Southern  Alps  and  states  admirably 
on  page  37  of  his  paper. 

I  trust  that  Mr.  Speight  will  forgive  my  pointing  out  that  his  suggestion 
is  based  on  a  misconception,  due,  I  have  no  doubt,  to  the  brevity  of  my 
statement  and  the  obscurity  which  is  unfortunately  so  apt  to  accompany 
brevity. 

As  I  had  not  myself  visited  the  Upper  Waitaki  valley  before  writing 
the  paper  referred  to,  I  could  not  then  controvert  the  explanation  of  it 
given  by  Kitson  and  Thiele,  though  I  suspected  that  parts  of  the  explana¬ 
tion  were  not  well  grounded.  I  refrained,  however,  from  quoting  such 
parts  of  it  as  I  distrusted  ;  and  a  careful  reading  of  page  285  of  my  paper 
will  show  that  I  did  not  by  any  means  endorse  the  whole  of  their  explana¬ 
tion,  but  only  that  portion  of  it  which  has  now  been  shown  by  Mr.  Speight 
to  be  correct,  and  which  was  in  harmony  with  my  own  explanation  of  the 
neighbouring  district  of  Central  Otago. 
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A  hurried  traverse  of  the  district  that  I  have  since  made  has  confirmed 
me  in  the  belief  that  the  depression  occupied  by  the  Upper  Waitaki  river- 
system  is  no  exception  to  the  general  rule  that  all  the  broad  topographic 
depressions,  as  well  as  the  non-volcanic  mountain  masses,  in  New  Zealand 
are  not  only  tectonic,  but  came  into  existence  not  earlier  than  the 
Kaikoura  orogenic  movements.  I  am  able  to  concur  thoroughly,  therefore, 
in  Mr.  Speight’s  explanation  of  this  vast  feature. 

I  may  perhaps  be  pardoned  also  if  I  point  out  that  Mr.  Speight  is 
slightly  in  error  on  page  44  in  ascribing  to  Marshall  a  general  statement  of 
opinion  as  to  the  origin  of  44  the  basins,  such  as  that  at  Wharekuri.”  The 
only  statements  as  to  structure  in  the  paper  referred  to  relate  specifically 
to  Wharekuri.  A  more  general  statement  on  this  subject  has,  however, 
been  made  by  Marshall  in  “  The  Geology  of  the  Tuapeka  District  ”  (N.Z. 
Geol.  Surv.  Bull.  No.  19,  p.  20,  1918),  where  the  later  geological  history  of  a 
part  of  eastern  Otago  is  made  to  agree  with  that  outlined  by  Mr.  Speight 
on  page  37  of  his  paper  for  the  Southern  Alps,  with  the  important 
exception  that  a  stage  of  peneplanation  is  introduced  following  the  late 
Tertiary  movements  of  uplift  and  faulting. 

C.  A.  Cotton. 


Technology  of  the  Frozen-meat  Industry. 

Sir, — Whilst  reading  Mr.  A.  M.  Wright’s  interesting  article  on  the 
44  Chemical  Technology  of  the  Frozen-meat  Industry,”  I  noticed  that  he 
made  a  passing  reference  to  chilled  beef  under  the  heading  of  44  Moulds.” 

In  connection  with  the  chilled-meat  industry  of  South  America,  as 
distinct  from  the  frozen-meat  industry,  it  may  be  of  interest  to  note  the 
slight  difference  in  procedure,  more  especially  with  regard  to  the  growth 
of  moulds  and  frmgi.  Chilled  meat,  which  is  intended  for  quick  consumption, 
within  a  period  of  five  to  ten  weeks,  is  rarely  allowed  to  cool  in  the  air 
before  chilling.  The  carcases  after  grading,  &c.,  are  removed  to  the 
chilling-rooms,  which  are  maintained  at  an  average  temperature  of  29°  F. 
with  a  margin  of  2°  on  either  side  ;  and  after  the  meat  has  been  shipped 
this  temperature  is  continued  during  the  voyage  to  Europe. 

Although  the  higher  temperature  of  the  chilling-chambers  is  more 
favourable  to  the  growth  of  Cladesporium  herbarium,  and  other  fimgi,  little 
trouble  in  this  direction  is  experienced  when  the  various  precautions  men¬ 
tioned  by  Mr.  Wright  have  been  carried  out. 

It  has  been  suggested  that  a  primary  cause  of  mould  infection  is 
due  to  the  practice  of  cooling  the  carcases  to  atmospheric  temperature, 
especially  at  works  where  the  outside  air  is  allowed  free  circulation  on  the 
cooling-floor  or  in  the  cooling-chamber.  Exposures  of  gelatine  plates  in 
the  chilling,  freezing,  and  cooling  chambers  support  this  view,  and  tend  to 
show  that  immediate  chilling  could  be  applied  with  advantage  to  the 
curriculum  of  a  freezing-works  when  dealing  with  an  outbreak  of  mould 
infection. 

W.  R.  Mummery. 
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HANDBOOK  ON  NEW  ZEALAND  FISHES.  By  R.  A.  A.  Sherrin.  Demy  8vo. 
~  Cloth,  2s. 

ILLUSTRATIONS  OF  THE  MANUAL  OF  THE  NEW  ZEALAND  MOLLUSCA.  Edited 
by  Henry  Suter.  Cloth  boards,  I  Os. 

ILLUSTRATIONS  OF  THE  NEW  ZEALAND  FLORA.  Edited  by  T.  F.  Cheeseman. 
F.L.S.,  F.Z.S.  Full-page  illustrations.  Vols.  i  and  ii.  Cloth  boards,  £2. 

INDIGENOUS  GRASSES  OF  NEW  ZEALAND.  Parts  1-6.  By  John  Buchanan.  Full- 
page  illustrations.  Imp.  4to,  15s.  ;  Royal  8vo,  paper  covers,  5s. 

INTRODUCTORY  CLASS-BOOK  OF  BOTANY  FOR  USE  IN  NEW  ZEALAND  SCHOOLS. 
By  G.  M.  Thomson,  F.L.S.  Demy  8vo.  Cloth,  2s.  6d.  ;  paper,  Is.  6d. 

MANUAL  OF  GRASSES  AND  FORAGE  PLANTS  USEFUL  TO  NEW  ZEALAND. 
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Arthur  Stanley  Herbert,  M.D.,  B.S.  6s. 

NEW  ZEALAND  COLEOPTERA.  Parts  I  to  IV.  By  Captain  T.  Broun.  Royal  8vo. 
7s.  6d. 

NEW  ZEALAND  DIPTERA,  HYMENOPTERA,  AND  ORTHOPTERA.  By  Professor 
Hutton.  Royal  8vo.  2s. 

OLDER  AURIFEROUS  DRIFTS  OF  CENTRAL  OTAGO.  By  A.  McKay,  F.G.S. 

2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  1  :  Materials  for  the  Palaeontology  of  New 
Zealand.  By  J.  Allan  Thomson.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  2  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  3  :  A  Revision  of  the  Tertiary  Mollusca  of 
New  Zealand,  based  on  Type  Material  ;  Part  II.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  4  :  The  Cretaceous  Faunas  of  the  North-eastern 
Part  of  the  South  Island  of  New  Zealand.  By  Henry  Woods.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  5  :  Descriptions  of  New  Tertiary  Mollusca 
occurring  in  New  Zealand,  accompanied  by  a  Few  Notes  on  Necessary  Changes 
in  Nomenclature ;  Part  I.  By  Henry  Suter.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  6 :  The  Earlier  Mesozoic  Floras  of  New 
Zealand.  By  E.  A.  Newell  Arber.  2s.  6d. 

PALAEONTOLOGICAL  BULLETIN  No.  7:  Descriptions  and  Revisions  of  the  Cretaceous 
and  Tertiary  Fish-remains  of  New  Zealand.  By  Frederick  Chapman.  2s.  6d. 

ROCKS  OF  CAPE  COLVILLE  PENINSULA.  By  Professor  Sollas,  F.R.S.  Crown  4to. 
Vols.  i  and  ii.  10s.  6d.  each. 

STUDENTS’  FLORA  OF  NEW  ZEALAND  AND  THE  OUTLYING  ISLANDS.  By 
Thomas  Kirk,  F.L.S.  Crown  4to.  Cloth,  10s. 

TOWN-PLANNING :  Report  to  the  Hon.  the  Minister  of  Internal  Affairs  on  the 
Brisbane  Town-planning  Conference  and  Exhibition  and  their  bearing  on  Town- 
planning  in  the  Dominion.  By  S.  Hurst  Seager,  F.RJ.B.A.  5s. 
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D.  E.  Hutchins,  I.F.S.  2s.  6d. 
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Story.  By  L.  Cockayne,  Ph.D.,  F.L.S.,  F.R.S.  2nd  edition,  rewritten  and  enlarged. 
99  photographs,  14  text-figures.  Full  cloth,  7s.  6d. ;  paper  covers,  5s. 
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A  STUDY  OF  PACIFIC  EARTHQUAKES.* 

By  Professor  G.  Angenheister,  Observatory,  Apia,  Samoa. 

(Communicated  by  the  Hon.  Minister  of  External  Affairs.) 

It  is  well  known  that  about  two  out  of  every  three  of  the  world-shaking 
earthquakes  originate  near  the  steeply  sloping  margins  of  the  Pacific.  The 
present  paper  deals  with  those  whose  epicentres  are  near  that  part  of  the 
ocean  known  as  the  Tonga  Deep.  Fortunately,  although  these  earthquakes 
are  numerous,  there  are  few  inhabitants  in  that  part  of  the  Pacific,  and 
consequently  the  earthquakes  have  little  destructive  effect,  more  especially 
as  most  of  them  originate  under  the  sea.  The  Samoa  Observatory,  because 
of  its  geographical  situation,  is  particularly  well  suited  for  a  study  of  these 
earthquakes. 

Before  dealing  with  the  instrumental  records,  however,  it  will  be  of  interest 
to  give  such  meagre  information  as  is  available  of  personal  observations  of 
these  earthquakes.  One  very  noticeable  feature  of  personal  observations  of 
the  earthquakes  is  that  there  often  appear  to  be  two  shocks,  so  that  observers 
declare  that  there  are  two  separate  quakes.  The  first  of  these  shocks,  due 
to  the  preliminary  tremors,  or  longitudinal  vibrations,  generally  lasts  from 
five  to  ten  seconds.  It  is  succeeded  by  several  seconds  of  relative  quietness, 
and  then  again  there  is  a  sharp  shock  due  to  the  main  waves  from  the 
earthquake.  According  to  information  collected  the  area  through  which 
the  shocks  are  felt  is  generally  very  large.  That  of  the  26th  June,  1.913, 
was  felt  through  8°  from  its  centre,  and  that  of  the  26th  June,  1917,  which 
was  felt  in  Samoa  as  the  strongest  for  over  a  generation,  was  observed  at 
6°  from  its  epicentre.  This  latter  earthquake  was  of  strength  VIII  according 
to  the  12-division  scale  of  Mercalli,  and  according  to  instrumental  observa¬ 
tions  gave  rise  at  Apia  to  a  maximum  acceleration  of  over  300  mm. /sec.2. 
The  area  through  which  an  earthquake  is  felt  appears  to  be  far  more 
extended  in  the  north-south  direction  than  in  the  east-west  direction, 
and  the  total  area  in  the  case  of  the  latter  earthquake  was  over  a  million 
square  kilometres.  The  quake  movement  of  the  main  phase  of  an  earth¬ 
quake  appears  to  be  felt  as  many  times  stronger  than  that  of  the  first  pre¬ 
liminary  tremor.  In  the  case  of  the  1917  earthquake  mentioned  above  the 
movement  was  felt  for  a  minute  and  a  half.  It  was  not  so  strongly  felt 


*  I  have  to  acknowledge  my  indebtedness  to  Professor  E.  Marsden  for  assistance 
in  the  preparation  of  this  paper. 
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on  a  sandy  beach  as  on  rocky  ground  in  the  higher  parts  of  the  island.  All 
observers  except  one  felt  the  motion  as  a  horizontal  vibration,  and  the 
exception,  an  educated  white  man,  stated  that  the  movement  was  an 
undulation  like  sea-waves.  This  latter  observer  was  at  Saluafata,  on  a 
small  steep  hill  situated  in  the  middle  of  a  large  crater  the  bottom  of  which 
is  250  metres  above  sea-level. 

There  was  an  interesting  psychological  effect  of  the  earthquake  in 
question,  in  that  the  sensibility  of  observers  to  earthquakes  was  tem¬ 
porarily  increased  for  several  weeks  after  the  event.  Observers  in  a 
resting  position  in  an  upper  story  of  a  house  were  sensitive  to  quakes 
in  which  the  acceleration  according  to  seismograph  records  was  only 
1  mm./ sec. 2 — i.e.,  an  earthquake  of  strength  I  in  the  above  scale,  and 
normally  insensible  except  on  a  seismograph. 

The  earthquake  of  the  31st  March,  1907,  was  registered  by  persons  in 
Tonga  as  of  degree  VI  for  a  minute  to  a  minute  and  a  half  ;  the  quake  of 
the  30th  April,  1919,  was  felt  in  Haapai  for  two  minutes  and  a  half,  and 
in  Tonga  Tabu  (South  Tonga)  for  only  fifty  seconds.  The  epicentre,  as 
will  be  seen  from  Table  I,  is  much  nearer  to  the  former  place.  Changes 
in  shape  of  the  surface  of  the  earth — e.g.,  holes  of  several  metres  depth 
and  width — were  reported  from  the  surrounding  islands,  especially  in 
ground  filled  in  artificially.  Landslides  were  experienced  in  Samoa.  Only 
in  one  case  was  a  large  permanent  change  of  level  produced — namely,  in 
Keppel  Island,  in  the  earthquake  of  the  26th  June,  1917,  where  it  is 
reported  that  the  lagoon  was  raised  and  is  now  dry.  The  comparatively 
large  area  of  shake  of  the  more  intense  Tongan  earthquakes  suggests 
a  considerable  depth  of  epicentre.  On  the  other  hand,  some  surface 
changes  take  place,  and  suggest  a  more  superficial  epicentre,  for 
tidal  waves  were  associated  with  several  of  the  earthquakes — namely, 
those  of  the  1st  May,  1917,  the  26th  June,  1917,  the  16th  November, 
1917,  and  the  30th  April,  1919.  After  the  earthquake  of  the  26th  June, 
1913,  pumice  was  washed  up  by  the  sea  in  Tonga,  and  after  the  earthquake 
of  the  26th  June,  1917 — i.e.,  exactly  four  years  later— a  large  pumice-field 
was  observed  in  the  open  sea  near  the  Tongan  Islands. 


II.  Tilting  of  Ground  in  Earthquake  Area. 

It  is  upheld  by  several  authorities  that  during  the  passage  of  an  earth¬ 
quake-wave  there  is  sensible  tilting— for  example,  in  the  main  phase  of  a 
distant  earthquake.  To  interpret  the  record  of  a  seismograph  it  is  necessary 
to  distinguish  between  apparent  and  true  tilting.  The  progress  of  a  vertical 
displacement  along  a  horizontal  surface  gives  rise  to  undulations.  If  the 
motion  is  harmonic,  we  may  write  for  the  displacement 


(!  +  «.) 


z  =  z  sin  2tt  y  y  +  ^ 

where  z  is  the  maximum  amplitude  of  displacement,  x  the  distance  from 
the  origin,  A  the  wave-length,  and  S  the  phase.  The  true  tilting  of  the 
ground  is  given  by 

dz  2  t  -  /2tt 
i*  =  dt  =  X  2  C0S  l  A  +  Si 


the  maximum  angle  of  tilt  being  ix=  —  z. 

A 

A  horizontal  displacement,  however,  will  give  rise  to  a  horizontal 
acceleration,  which,  combined  with  the  normal  gravitational  acceleration, 
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will  give  an  apparent  tilt  or  alteration  of  the  direction  of  gravitational 
force.  If  the  horizontal  displacement  x  is  harmonic,  we  have 

/  27 rt  \ 

£  =  zsin  y—  +  S2/, 

where  t  is  the  time  variable,  and  T  the  periodic  time  of  the  vibration. 
The  apparent  tilt  will  be  given  by 


The  maximum  value  of  this  apparent  tilting  is 


Now,  the  main  phase  of  strong  earthquake- waves  contains  vibrations 
in  both  the  x  and  z  directions,  each  equal  to  several  millimeters,  with 
periods  of  approximately  20  seconds.  If  the  velocity  of  such  waves  is 
v  =  3|  km./ sec.,  we  have  \  =  vT  =  70  km.  Taking  these  values,  we  find 

1  =  0-09"  ;  [t]  =  10-3". 

The  apparent  tilting  is  thus  over  a  hundred  times  the  true  tilt,  and 
in  horizontal  seismograph  records  we  see  that  tilt  is  hidden  by  a  far  greater 
apparent  effect. 

For  near  earthquakes  the  horizontal  and  vertical  motions  of  the  main 
phase  are  of  far  shorter  period  and  of  nearly  the  same  velocity  of  propa¬ 
gation.  The  amplitudes  of  the  x  and  z  motions  are  also  nearly  equal,  so 
that  to  a  first  approximation  it  will  be  seen  that 

'  i  =  iT=  T 

[i]  2tv  2100 ; 

i.e.j  the  shorter  the  period  the  larger  is  the  apparent  tilt  compared  with 
true  tilt.  It  thus  follows  that  neither  for  near  nor  distant  earthquakes 
can  any  information  on  tilt  be  obtained  from  ordinary  seismograph 
records. 

On  the  other  hand,  the  amount  of  tilting  for  near  earthquakes  might 
be  expected  to  be  of  such  a  magnitude  as  to  be  capable  of  detection  by  other 
methods.  The  strong  earthquakes  of  the  Tonga  Deep  show  in  the  main 
phase  of  the  vibrations  at  Apia  waves  of  0-5  to  1  sec.  period  and  up  to 
5  mm.  vertical  displacement.  This  should  correspond  to  1-7  to  3-4  seconds 
of  true  tilting,  and  a  solidly  mounted  telescope  of  medium  power  should 
show  such  tilting  by  observations  of  stars.  A  test  of  this  was  made  at 
the  Samoa  Observatory  in  the  case  of  the  large  earthquake  of  the  26th 
June,  1917,  observations  being  made  eight  minutes  after  the  first  arrival 
of  the  earthquake-wave,  when  large  vibrations  were  in  progress  due  to 
the  main  phase.  The  transit  instrument  used  has  a  magnification  of  30. 
The  micrometer  eye-piece  has  fifteen  parallel  wires  and  two  crossing- 
wires  at  a  distance  of  2-5  seconds  of  time  apart  (at  Equator)  or  37-5  seconds 
of  arc.  The  cross-wires  are  east-west,  and  stars  moved  along  a  parallel 
course  cross  the  field  near  one  of  the  cross  -  wires.  A  periodic  lateral 
movement  of  the  star  image  of  magnitude  one-twentieth  of  the  distance 
apart  of  the  cross-wires  could  have  been  detected  with  certainty — i.e., 

2  seconds  of  arc.  No  tilting  could  be  detected.  The  vertical  movement 
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at  the  time  was  of  the  order  was  of  *5  to  1  mm.,  corresponding  to  a  true  tilt 
of  about  half  a  second  of  arc.* 

From  the.  test  we  may  conclude  that  even  in  the  shaking  area  the  true 
tilt  does  not  highly  exceed  that  which  may  be  expected  from  z  and  x — 
i.e.,  there  are  no  large  undulations  a  few  minutes  after  the  time  of  sensible 
shaking. 

The  vibration  of  the  massive  pier  (IT  m.  X  0*5  m.  X  0-5  m.)  supporting 
the  telescope  could  not  have  affected  the  observations,  being  of  much  too 
large  a  frequency. 

III.  Calculation  of  Earthquake  Epicentres. 

To  obtain  the  epicentres  of  the  thirteen  large  Tongan  earthquakes  of 
1907-19  the  observations  made  by  the  inhabitants  of  neighbouring  islands 
were  taken  into  account,  but  it  was  impossible  to  obtain  the  correct 
epicentres  in  this  way,  as  may  be  done  in  populated  countries,  especially 
also  as  the  earthquakes  generally  originated  under  the  sea. 

For  the  correct  determination  of  epicentres  the  records  of  neighbouring 
seismograph  stations  were  used.  Of  these  stations  only  one,  namely  Apia, 
was  in  the  shaking  area.  The  epicentre  was  determined  in  two  different 
ways,  as  follows  : — 

(1.)  Using  the  records  of  Apia  only.  The  azimuth  of  the  epicentre 
was  deduced  from  the  relation  of  the  components  of  the  ground-motion 
determined  from  the  amplitudes  of  the  first  preliminary  tremor  on  the 
north-south  and  east-west  seismograph  records.  The  distance  of  the  epi¬ 
centres  was  taken  from  the  S-Pf  interval  according  to  the  known  time 
curves.  The  Gottingen  time  curve  of  Gutenberg  was  compared  with 
the  time  curve  of  Mohorovicic  for  the  earthquake  of  the  16th  November, 
1917,  and  that  of  Zeisig,  and  the  curves  found  in  agreement  with  one 
another  to  within  one  to  two  seconds  for  the  particular  distances  used. 

(2.)  The  epicentres  were  calculated  from  the  combined  records  of  the 
stations  in  and  around  the  Pacific,  excluding  Samoa.  The  distances  of 
the  epicentres  from  the  stations  used  were  between  30°  and  80°.  For 
every  earthquake  six  or  seven  stations  were  used,  if  possible  distributed 
in  different  azimuths,  preference  being  given  to  those  stations  with  the 
most  sensitive  and  quickest  recording  instruments.  The  method  of  calcu¬ 
lation  of  the  epicentre  and  time  of  origin  was  by  successive  approxima¬ 
tions,  using  a  graphic  method  or  the  method  of  least  squares,  and  in  this 
way  reliable  results  were  obtained. 

A  comparison  of  the  two  methods  of  calculation  yielded  interesting 
results.  The  azimuth  from  Apia  determined  by  the  first  method  showed 
no  systematic  error,  although,  as  might  be  expected,  there  were  individual 
errors.  (The  various  results  are  given  in  Table  II.) 

Taking  the  time  of  origin  given  by  method  (2),  we  can  from  the  known 
time  of  arrival  of  the  P  (or  the  S)  waves  at  Apia  deduce  the  epicentral  distance’ 
of  Apia,  using  the  ordinary  time  curves.  The  distances  measured  in  this 
way,  however,  are  in  all  cases  too  small,  the  maximum  difference  being 
2-4°  and  the  mean  1-3°.  This  difference  may  possibly  be  explained  by 
assuming  that  in  a  tectonic  earthquake  from  an  extensive  fault  there  may 
be  a  lighter  disturbance  which  precipitates  the  main  earthquake.  The 
preliminary  tremor  from  the  smaller  disturbance  will  be  registered  at  a 
near  station  but  not  on  far-distant  seismographs.  In  most  of  the  cases 


*  It  is  interesting  to  note  that  A.  A.  Rambant  and  W.  H.  Robinson  observed  an 
oscillation  of  amplitude  2  seconds  of  arc  in  R.A.  during  the  Chinese  earthquake  of  the 
16th  December,  1920  (see  Monthly  Notices  Roy.  Astron.  Soc.,  81,  p.  454,  April,  1921). 

f  S  =  Transverse  waves.  P  =  Longitudinal  waves.*  See  Hogben,  N.Z.  Jour.  Sci. 
&  Tech.,  1920,  vol.  3,  p.  106. 
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Fig.  1. — Epicentres  of  earthquakes  near  the  Tonga  Deep. 
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considered,  however,  the  records  at  Apia  show  a  sharp  initial  impulse,  and 
not  a  small  preliminary  tremor  followed  by  a  larger  one,  as  would  be  the 
case  if  the  above  explanation  were  true.  A  consideration  of  the  depth  of 
epicentre  also  showed  that  this  cannot  be  the  reason  of  the  too  early 
arrival  of  the  disturbances  at  Apia. 

It  appears,  therefore,  that  the  only  explanation  is  that  the  preliminary 
tremors  really  travel  considerably  more  rapidly  nearer  to  the  epicentre 
than  the  speed  given  by  the  time  curves  used. 

New  time  curves  for  P,  S,  and  S-P  were  therefore  deduced  from  the 
epicentre  and  time  of  origin  obtained  by  method  (2)  and  the  known  time 
of  arrival  of  P  and  S  at  Apia.  These  curves  are  based  on  the  thirteen  large 
earthquakes  whose  epicentres,  &c.,  are  given  in  Table  I.  These  epicentres 
are  shown  on  the  map  (fig.  1),  where  they  are  given  numbers  according  to 
date  reference  in  Table  I.  From  these  time  curves  (shown  in  fig.  3)  the 
epicentres  of  seventy-seven  other  earthquakes  of  1913-19  were  deduced 
according  to  the  first  method  above— i.e.,  from  the  distance  and  azimuth 
from  Apia  only.  These  epicentres  are  also  shown  on  the  map,  but  with¬ 
out  distinguishing  numbers. 

The  plotted  positions  of  these  latter  earthquakes  show  a  certain 
amount  of  irregular  distribution,  which  may  be  partly  due  to  the  error  of 
azimuth.  On  the  whole,  however,  along  with  the  positions  of  the  thirteen 
inegaseisms  noted  above,  they  show  a  pronounced  crowding  along  a  line 
parallel  to  the  Tonga  Deep  but  on  the  west  side  of  it,  with  none  actually 
below  the  deep.  It  must  be  remembered  that  the  crowding  is  not  altogether 
real,  owing  to  the  fact  that  distant  earthquakes  (say,  from  the  Kermadecs) 
are  less  likely  to  be  registered,  but  in  spite  of  this  there  is  a  real  concen¬ 
tration  of  epicentres  near  the  Keppel  Islands. 

The  results  do  not  reveal,  as  might  perhaps  be  anticipated,  any  pro¬ 
gress  with  time  of  the  epicentres  in  any  distinct  direction  ;  and  also  there 
is  no  progress  evident  in  the  position  of  a  “  swarm  ”  of  fifteen  earthquakes 
from  the  6th  to  the  14th  June,  1915.  These  latter  earthquakes  are  shown 
on  the  map  but  not  specially  numbered.  The  area  covered  by  their 
epicentres  was  400  km.  long  in  the  N.E.-S.W.  direction,  and  100  km. 
broad  in  a  direction  at  right  angles. 

IV.  Time  Curves.* 

Between  0°  and  20°.— As  has  been  mentioned  above,  a  study  of  the 
thirteen  large  Tongan  earthquakes  gives  interesting  information  in  the 
rate  of  travel  of  the  P  and  S  waves  for  epicentral  distances  between  0°  and 
20°.  The  maximum  difference  between  the  observed  travelling-times  and 
those  deduced  from  the  curves  mentioned  is  for  an  epicentral  distance  of 
6°  to  7°,  for  which  the  difference  for  P  is  about  13  seconds  and  for  S  about 
25  seconds.  If  we  assume  a  thickness  of  50  km.  for  the  earth’s  upper  crust, 
then  both  P  and  S  would  travel  wholly  through  this  crust  for  distances 
up  to  6°.  It  must  be  remembered  that  the  time  curves  with  which  com¬ 
parison  is  made  refer  to  travelling-times  under  continents,  while  in  our 
case  the  waves  travel  under  a  deep  ocean-bed.  It  would  therefore  appear 
that  the  smaller  travelling-times  in  the  latter  case  may  be  due  to  the 
higher  elasticity  of  the  earth’s  crust  under  the  ocean.  The  number  of 
observations  in  our  time  curve  is  too  small  to  determine  with  accuracy 
the  velocity  of  the  waves  in  the  deepest  part  of  their  path  through  the 
earth-crust  and  at  various  depths  below  the  surface  of  the  crust.  The 
author  hopes  to  obtain  more  material  for  this  later,  but  it  may  be  stated 
in  anticipation  that  the  above  data  indicate  that  the  velocity  of  S  in  the 
upper  crust  under  the  ocean  is  18  per  cent,  greater  than  under  continents 


*  See  Hogben,  loc.  cit. 
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for  a  ray  of  maximum  depth  50  km.  The  values  are  vl)C  =  4*83  km. /sec.  ; 
vc0  =  4T2  km. /sec.,  where  voc  and  vc0  are  velocities  under  the  ocean  and 
continents  respectively. 

Time  Curves  from  80°  to  180°. — For  epicentral  distances  greater  than 
20°  P  and  S  travel  for  so  small  a  fraction  of  their  path  through  the  outer 
crust  of  the  earth  that  their  travelling-time  is  almost  independent  of 
whether  the  waves  travel  under  ocean  or  continent,  so  that  their  time 
curves  have  universal  application.  From  20°  to  80°  these  time  curves 
are  already  accurately  known,  and,  as  stated  in  Section  III,  were  used 
for  the  accurate  determination  of  epicentres  from  the  records  of  Pacific 
stations. 


Fig.  2. — Time  curves  according  to  the  three  largest  earthquakes  of  the  Tonga  Deep. 

Ap,  Apia;  Ad,  Adelaide  ;  We,  Wellington ;  SyO,  Sydney  (Observatory) ;  SyR,  Sydney  (Riverview) ; 
Ho,  Honolulu;  Ma,  Manila  ;  Tu,  Tucson;  Vi,  Victoria;  Ba,  Batavia  ;  Si,  Sitka;  De,  Denver; 
Ka,  Kansas;  StL,  St.  Louis;  Pa,  Panama;  To,  Toronto;  It,  Ithaca ;  Wal,  Washington ;  Wa2, 
Washington;  Ot,  Ottawa;  Ve,  Vermont;  Ca,  Cambridge;  Ab,  Aberdeen;  Bi,  Bideton;  Br, 
Bromwich;  Sh,  Shide;  Ro,  Rome  ;  Pe,  Perth;  Ir,  Irkutsk  ;  Ms,  Mauritius  ;  Ta,  Tashkent;  Pu, 
Pulkowa;  Es,  Eskdalemuir;  Mi,  Makeyewka ;  Db,  De  Bilt;  Ri,  Rio  Tinto;  Al,  Alyser;  B, 
Barcelona. 


In  Gutenberg’s*  time  curves  P  and  S  and  their  reflections  can  be 
followed  to  106°,  and  again  from  143°  to  180°.  Between  106°  and  143° 
there  is  a  break  in  the  observations.  Rudolph  and  Szirtes  published  in  the 
Phys.  Zeitsch.  (1st  August,  1914)  a  short  note  in  which  they  announced 
a  new  time  curve  calculated  from  seventy-four  earthquakes,  1906-13. 
According  to  this  note  the  P  waves  can  be  observed  continuously  to  150°, 
for  which  epicentral  distance  the  travelling-time  is  965  seconds.  PP  is 
stated  to  divide  at  113°  into  two  parts,  which  could  be  followed  to  180°. 
Between  143°  and  180°  one  of  these  branches  is  probably  identical  with 
Gutenberg’s  so-called  P  waves.  These  latter  results  are  so  important 


*  B.  Gutenberg,  Nachr.  d.  Tc.  Ges.  der  Wiss.  zu  Gott.,  1914. 
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that  fuller  details  are  needed.  The  matter  was  investigated  for  the  follow¬ 
ing  Tongan  quakes  :  26th  June,  1913  ;  6th  October,  1914  ;  20th  December, 
1914  ;  11th  October,  1916  ;  20th  October,  1916  ;  1st  May,  1917  ;  26th 
June,  1917  ;  and  30th  April,  1919.  For  the  three  latter  quakes  the 
observations  of  most  European  stations  are  not  yet  to  hand,  and,  as  the 
observations  of  Tongan  earthquakes  are  not  sufficient  for  distances  greater 
than  150°,  several  other  Pacific  earthquakes  have  been  used — namely, 
seven  earthquakes  from  New  Guinea,  New  Hebrides,  and  Solomons,  and 
five  from  the  north-west  part  of  South  America.  The  observations,  such 
as  are  plotted  in  fig.  2,  show  that  the  results  of  Rudolph  and  Szirtes  are  in 
the  main  correct.  A  smoothed  time  curve  is  given  in  fig.  3.  The  P  waves 


Fig.  3. — Time  curve  corrected  and  continued  by  the  use  of  recent  observations  on 

Pacific  earthquakes  at  Samoa  Observatory. 


could  be  followed  to  150°.  A  splitting-off  of  a  P1  wave  from  PP  occurs 
at  100°.  Between  107°  and  113°  two  impulses  differing  in  travelling-time 
by  about  70  seconds  could  be  distinguished,  the  first  belonging  to  PP  and 
the  second  to  P1.  In  the  continuation  of  the  P  wave  beyond  115°  the 
Russian  stations  with  Galitzin  instruments  were  particularly  useful. 

The  discontinuity  shown  by  the  results  of  Gutenberg  is  explained 
when  it  is  understood  that  the  waves  from  143°  to  180°  called  by  him  P 
waves  are  really  P1  waves  arising  from  PP.  This  is  particularly  important 
in  that  it  is  now  no  longer  necessary  to  assume  a  sharp  discontinuity  of 
the  earth  at  a  depth  of  about  3,000  km.,  which  was  previously  suggested 
by  Wiechert.  It  appears  advisable  to  postpone  a  calculation  of  the 
velocity  of  the  P  waves  at  different  depths  below  the  surface  of  the  earth, 
with  the  consequent  deductions  of  density  and  rigidity,  &c.,  until  more 
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observations  are  available.  When  the  European  observations  of  the  quakes 
of  the  1st  May,  1917,  26th  June,  1917,  and  30th  April,  1919,  are  available 
it  will  probably  be  possible  to  do  this. 

V.  Velocity  of  Surface  Waves  and  Elasticity  of  the  Earth’s 

Upper  Crust. 

We  have  attributed  the  difference  in  the  velocity  of  the  preliminary 
tremors  P  and  S  under  continent  and  ocean  to  the  difference  in  the  elasticity 
of  the  upper  crust.  This  difference  in  travelling-time  is  a  maximum  for 
6°  epicentral  distance,  for  which  the  waves  dip  to  a  maximum  depth  of 
50  km.  under  the  surface  of  the  earth.  We  may  assume  that  under  ocean 
the  thickness  of  the  crust  is  about  50  km.  In  this  earth-crust  P  and  S 
travel  quicker  under  ocean  than  under  continent.  For  epicentral  distances 
greater  than  6°  the  difference  of  travelling-times  under  ocean  and  continent 
will  decrease,  because  P  and  S  will  travel  for  an  increasing  fraction  of  their 
path  in  the  homogeneous  fluid  magma  below,  in  which  the  velocity  may 
be  the  same  whether  under  ocean  or  continent.  For  an  epicentral  distance 
of  18°  it  can  be  shown  that  only  10  per  cent,  of  the  path  is  in  the  upper 
crust. 

For  affirmation  of  this  probable  difference  of  elasticity  under  ocean 
and  continent  we  may  investigate  the  characteristics  of  the  main  phase 
of  far-distant  earthquakes.  These  waves  travel  along  the  upper  crust 
and  not  through  the  magma  below. 

We  must  distinguish  between  two  kinds  of  waves,  namely, — 

(1.)  The  transverse  distortional  waves  L(i.  In  these  waves,  according 
to  Wiechert,  the  vibration  is  horizontal  and  perpendicular  to  the  direction 
of  propagation.  They  have  no  vertical  component,*  and  have  a  period 
depending  only  on  the  thickness,  density,  and  elasticity  of  the  upper  crust. 
They  may  be  likened  to  free  horizontal  vibrations  of  a  jelly  with  both  its 
upper  and  lower  faces  free  to  move. 

(2.)  Rayleigh  waves,  Lr.  These  are  well  marked  on  a  seismogram, 
in  that  they  start  with  a  few  waves  of  large  period,  which  quickly  settles 
down  to  a  smaller,  constant  period.  The  displacement  is  in  the  general 
case  elliptic  in  a  vertical  plane  containing  the  direction  of  propagation. 

The  maximum  displacement  due  to  these  waves  takes  place  generally 

during  the  earlier  waves  of  decreasing  period  which  are  so  noticeable  in  a 
seismogram.  In  the  different  records  it  is  thus  easy  to  identify  the 
Rayleigh  waves,  and  in  practice  the  movement  due  to  them  shows  itself 
practically  all  in  the  azimuth  of  the  epicentre.  It  may  be  mentioned  that 
the  ratio  of  velocities  of  Lr  and  Lq  waves  is  theoretically  equal  to  0-92, 

and,  as  will  be  seen  later,  this  ratio  is  also  obtained  in  practice.  In  the 

investigations  two  very  strong  earthquakes  were  taken,  the  Kurile  earth¬ 
quake  of  the  1st  May,  1915,  and  the  Kamchatka  earthquake  of  the  31st 
July,  1915.  The  observations  of  Apia  and  Tiflis  were  compared  for  these 
earthquakes,  since  these  two  stations  have  practically  equal  epicentral 
distances— about  8,000  km. — from  both  earthquakes.  The  waves  travel  to 
Apia  for  both  quakes  under  deep  sea  of  mean  depth  4-5  km.  To  Tiflis  the 
waves  travel  for  the  Kamchatka  earthquake  under  a  shallow  sea  of  mean 
depth  150  metres  for  200  km.  of  their  path,  and  for  the  remainder  under 
the  Asiatic  continent.  For  the  Kurile  earthquake  the  path  to  Tiflis  is 
400  km.  under  shallow  sea  of  150  metres  depth,  450  km.  under  the  Sea  of 
Okhotsk  of  about  1,000  metres  mean  depth,  and  for  the  rest  of  their  path 
under  the  Asiatic  continent.  Thus  for  Apia  and  Tiflis  we  have  large  and 


*  See  G.  W.  Walker,  Modern  Seismology,  c'.iap.  vi,  Longmans,  1913. 
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practically  equal  epicentral  distances,  with  the  path  in  the  former  case 
under  deep  ocean  and  in  the  latter  case  under  the  Asiatic  continent. 
These  conditions  are  especially  suitable  for  an  examination  of  the  relative 
speeds  of  the  main  phase  under  ocean  and  continent,  and  in  fact  the  results 
show  on  the  average  that  the  waves  travelled  to  Apia  in  nine  minutes  less 
time  than  to  Tifhs. 

In  the  determination  of  the  exact  epicentre  and  time  of  origin  only 
stations  with  sensitive  and  quickly  recording  seismographs  were  used,  and 
a  critical  examination  of  the  data  is  given  in  Table  IV,  in  which  the  stations 
used  are  grouped  according  to  azimuth  in  three  groups,  Asiatic,  Pacific, 
and  American.  The  mean  difference  between  the  observed  and  calculated 
time  of  arrival  for  the  three  groups  is  in  all  cases  less  than,  two  seconds 
of  time — i.e.,  the  epicentral  distances  from  Apia  and  Tiflis  are  in  both 
cases  correct  to  +  0*5  degree  of  arc. 

Tables  V  and  VI  give  the  analysis  of  the  seismograms  of  both  quakes, 
the  amplitudes  and  periods  being  given  from  wave  to  wave  for  the  time 
in  consideration.  In  Tables  VII  and  VIII  a  comparison  is  given  of  the 
various  phases  of  the  main  waves  with  regard  to  period,  time  of  arrival, 
travelling-time,  and  velocity  and  amplitude  in  the  N.-S.  direction  and 
vertical.  In  addition  to  the  observations  of  Apia  and  Tiflis  figures  are 
given  for  Riverview  and  Pulkowa  for  comparison.  For  Apia  the  ratio 
of  the  velocities  of  the  Lr  waves  and  Lq  waves  is  0-93,  compared  with  the 
theoretical  value  0-92  on  the  assumption  that  Poisson’s  ratio  is  =  ’25, 
which  is  the  value  for  a  perfect  elastic  solid.  The  agreement  with  theory 
shows  that  the  latter  assumption  is  correct  for  the  earth’s  crust — i.e., 
masses  under  high  pressure  are  nearly  perfect  elastic  solids. 


Velocity  V  in  Kilometres  per  Second. 
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From  a  comparison  of  the  results  for  Apia  and  Tiflis  given  in  the 
accompanying  table  it  will  be  seen  that  the  transverse  surface  waves  (Lq) 
travel  21  per  cent,  faster  under  ocean  than  under  continent,  while  for  the 
maximum  of  the  Rayleigh  waves  the  increase  of  velocity  under  ocean  is 
26  per  cent.  In  Section  IV  it  has  already  been  deduced  that  the  S  waves 
(which  have  practically  the  same  velocity  in  the  upper  crust  as  the  Lq 
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waves)  for  an  epicentral  distance  of  6°  travel  18  per  cent,  more  rapidly 
under  ocean  than  under  continent.  For  the  records  of  Sydney  and 
Pulkowa  somewhat  smaller  ratios  are  obtained,  but  this  may  be  explained 
by  the  fact  that  the  path  to  the  former  place  is  partly  under  shallowr 
water. 

The  higher  velocity  of  the  Lq  and  S  waves  under  ocean  we  may 
attribute  to  either  an  increase  of  rigidity  {rj)  or  a  decrease  of  density  (p)r 
/_ 

since  v  =  v 

P 

The  geological  and  gravitational  evidence,  however,  appears  to  point 
not  to  a  decrease  of  density  under  ocean  but  to  an  increase.  Thus  from 
the  equation  for  y  we  deduce  that  the  rigidity  of  the  earth’s  crust  under 
ocean  is  at  least  44  per  cent,  greater  than  under  continent. 


VI.  Absorption  of  Energy  of  Earthquake-waves. 

For  both  quakes  discussed  in  the  preceding  section  the  amplitude  of 
ground-movement  in  the  maximum  of  the  main  phase  is  only  about  half 
as  much  in  Samoa  as  in  Tiflis.  Even  if  we  admit  that  the  determination 
of  ground-movement  is  difficult,  this  difference  is  much  greater  than  the 
error  of  measurement.  It  must  therefore  be  assumed  either  that  the 
energy  is  radiated  with  different  intensity  in  different  directions,  or  that 
the  absorption  of  energy  under  ocean  is  greater  than  under  continent. 
The  centres  of  both  quakes  are  on  the  north-west  side  of  the  great  North 
Pacific  deeps.  Moreover,  earthquakes  on  tectonic  faults,  according  to 
observations  felt  in  the  neighbourhood  of  the  quake,  appear  to  have  a 
shaking  area  of  more  or  less  elliptical  form,  but  it  is  not  known  whether 
the  distribution  of  energy  to  great  distances  from  the  epicentres  is  also 
unsymmetrical.  If  the  whole  difference  in  motion  at  Apia  and  Tiflis  (of 
equal  epicentral  distance)  depends  only  on  the  difference  of  absorption 
under  ocean  and  continent,  and  if  also  we  assume  that  energy  is  sent  out 
equally  in  all  directions,  we  obtain 

—  a0  Asa 

Isa  ■ —  Iq6 


„  A 


Ti 


and  Iii  —  I,  e 

where  A  is  the  epicentral  distance,  a0  is  the  coefficient  of  absorption  under 
ocean,  uc  under  continent,  Sa  indicates  Samoa,  and  Ti  Tiflis. 

Now,  ASa  =  ATi,  practically. 

Isa  A(ac  — «o) 


=  e 


LTi 


The  energy  of  a  harmonic-wave  oscillation  is  proportional  to  the 
square  of  the  velocity  and  to  the  amplitude,  and  the  mean  value  can  be 

A,  where  A  is  the  amplitude  and  T  the  periodic  time. 


shown  to  be 


2r2 


rp  2 


For  the  same  period,  therefore,  Isa/ I-Ti  =  A2sa/ A2xi  ;  and,  combining, 

2  Ati 

with  the  preceding  equation,  a0  —  «c  =  -  loge  — . (1). 


The  amplitudes  used  in  the  comparison  were  the  maximum  horizontal 
displacements  of  the  main  phase.  In  both  Tiflis  and  Samoa  the  displace¬ 
ment  for  the  first  maximum  was  practically  in  the  azimuth  of  the  epicentre 
of  the  earthquake,  showing  that  we  are  practically  dealing  in  this  case  with 
Rayleigh  waves.  In  Tiflis  the  maximum  horizontal  displacement  of  the 
quake  of  the  1st  May,  1915,  was  3-82  mm.,  and  took  place  in  a  direc¬ 
tion  approximately  N.  23°  E.,  whereas  the  azimuth  of  the  epicentre  is- 
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N.  36°  E.  In  Apia  the  displacement  was  2*02  mm.  in  a  direction  N.  30°  W., 
whereas  the  azimuth  of  the  epicentre  is  N.  23°  W.  In  the  later  waves 
there  would  probably  be  a  larger  peicentage  of  movement  due  to  Lq 
waves.  The  actual  amplitudes  compared  above  had  the  same  period  at 
both  stations — namely,  31  seconds. 

In  a  former  paper  the  author  has  calculated  the  coefficient  of  absorp¬ 
tion  of  the  main  waves  from  the  relative  amplitudes  of  the  main  phase 
and  of  W2  the  wave  through  the  antipodes  of  the  epicentre.*  Measure¬ 
ments  have  also  been  made  by  other  observers,  and  the  mean  of  all  the 
measurements  (over  a  hundred)  gives  for  a  the  value  -00027.  The 
individual  observations  are  all  within  16  per  cent.'  of  the  mean  value. 
Owing  to  the  great  number  of  earthquakes  used  in  obtaining  the  value 
of  a  we  may  assume  that  the  proportions  of  the  mean  paths  of  the  waves 
used  under  ocean  and  continent  are  practically  in  the  ratio  of  the  relative 
areas  of  ocean  and  continent  on  I  lie  earth’s  surface.  If  we  add  to  the 
continent  the  area  of  shallow  sea  to  a  depth  of,  say,  400  metres,  the  ratio 
is  64  :  36. 

If  S0  be  the  path  under  ocean,  and  Sc  the  path  under  continent,  the 
whole  path,  S  =  Sc  +  Sc.  Then,  assuming  a  wave  goes  first  under  ocean, 
and  is  reduced  to  intensity  I1,  then  under  continent,  where  the  intensity 
is  reduced  to  the  final  I,  we  have 


I  =  I1  e  “<:Sc,I1=I0e  n°  8°,  I  =  I0e  aS; 
Wi  ence  I  =  I.e“  8°  +  “c  S<^=  T  e~a  ^ °  +  ^  ■ 


S. 


ao  +  ac  Sc  —  a  (SG  +  Sc). 
Sc 


Now,  = — p-Q-  —  ‘64,  and  "-"cT  —  ‘36  , 

fc>o  -f-  fee 

0-64  a Q  +  0*36  Sc  =  a  =  *00027. 

Combining  with  equation  (1)  above  we  may  obtain  aQ  and  ac. 
results  are  as  follows  : — 
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It  will  be  seen  that  in  all  cases  the  waves  are  more  damped  under  ocean 
than  under  continent.  For  large  periods,  where  there  is  a  large  propor¬ 
tion  of  Rayleigh  waves,  the  difference  of  damping  is  smaller  than  for  shorter 
periods.  For  the  vertical  component  the  difference  is  smaller  than  for 
horizontal. 

The  large  absorption  of  energy  under  ocean  for  waves  of  short  period 
(20  seconds)  may  be  due  to  the  fact  that  in  these  waves  there  is  a  large 
admixture  of  the  natural  vibrations  of  the  upper  crust  (Lq).  It  may  be 
that  we  have  a  more  fluid  magma  under  the  continent  block  than  under 
the  ocean,  with  consequently  less  damping.  It  has  already  been  suggested 


*  G.  Angenheister,  Nachr.  d.  k.  Ges.  der  Jftss.  zu  Gott.,  p.  1,  1906. 
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that  the  sea-bottom  is  continually  sinking  under  the  weight  of  sedi¬ 
mentary  deposits.  This  may  press  the  lighter  magma  away  from  the 
ocean  to  the  continent,  leaving  the  heavier  and  more  viscous  lava  behind. 
In  addition  to  this  the  damping  due  to  the  water  of  the  ocean  will  be 
greater  than  that  at  the  air-surface  of  the  continent. 

In  a  later  paper  the  author  hopes  to  give  a  calculation  of  the  influence 
of  absorption  coefficient  of  energy  on  the  period,  amplitude,  and  velocity 
of  surface  earthquake-waves,  but  one  consideration  will  not  be  out  of 
place  here.  The  theoretical  relation  between  vertical  (Z)  and  horizontal 
(H)  maximum  displacements,  i.e.,  AZ/AH,  should  be  equal  to  1*5  for  both 
damped  and  undamped  Eayleigh  waves.*  The  observations  show  in  nearly 
all  cases  values  considerably  smaller  than  1*5,  and  we  must  seek  another 
reason  than  damping  for  the  smallness  of  this  ratio  in  practice.  Ray¬ 
leigh  waves  may  be  accompanied  by  L,  waves  —  i.e.,  waves  without 
vertical  component  —  and  thus  we  may  obtain  smaller  values  for  Az/Ah 
according  to  the  relative  amount  of  L1  vibration  compared  with  that  of 
the  Rayleigh  wave. 

Now,  LtJ  waves,  being  transverse  waves,  should  not  pass  through  a 
fluid,  and  thus  we  may  expect  that  these  waves  should  not  be  present 
in  earthquake-wave  vibrations  that  have  passed  through  shallow  under¬ 
ground  pockets  of  residual  magma,  and  in  this  case  the  value  of  Az/Ah 
should  be  1-5.  It  is  interesting,  therefore,  to  find  that  the  observations 
at  Apia  of  earthquakes  from  the  New  Hebrides  show  this  ratio  equal  to 
1*5,  and  thus  we  may  assume  between  these  islands  the  presence  of  such 
lava-residuals.  This  is  not  altogether  against  geological  evidence. 


VII.  Period  of  Surface  Waves  and  Thickness  of  Upper  Crust. 

Rosener  has  compared  the  period  of  the  maximum  •  of  the  Rayleigh 
waves  and  Coda  waves  for  difference  epicentres,  using  the  Gottingen  records. 
He  has  shown  that  principally  waves  of  12-  and  18-seconds  period  are  con¬ 
tained  in  these  waves.  For  the  records  of  Siberian  earthquakes  he  found 
an  influence  of  the  magnitude  of  the  earthquake  on  the  period  of  the 
waves.  For  strong  quakes  a  period  of  18  seconds  is  predominant,  and  for 
weaker  quakes  12  seconds.  For  practically  the  same  epicentral  distance 
from  Gottingen  the  Mexican  quakes  show  a  predominance  of  an  18-seconds 
period,  while  the  Japanese  quakes  give  12  seconds.  Thus  the  path  of  the 
wave  under  the  Atlantic  (18)  and  under  the  Asiatic  continent  (12)  appears 
to  have  an  influence. 

The  observations  of  Rosener  show  that  the  periods  of  the  long  and 
Coda  waves  are  not  primarily  dependent  .on  the  conditions  near  the 
observing  station — i.e.,  the  ground  on  which  the  station  lies.  We  may 
thus  safely  compare  the  periods  of  surface  waves  from  the  same  quake  at 
different  stations. 

In  Table  IX  a  comparison  is  given  of  periods  of  the  waves  at  Apia  and 
Gottingen  from  the  same  earthquakes  as  were  used  by  Rosener.  The 
table  shows  that  for  Pacific  earthquakes  the  Coda  shows  an  average  period 
of  11  seconds  at  Apia  and  18  seconds  at  Gottingen,  while  for  European 
earthquakes  the  periods  are  18  seconds  at  Apia  and  12  seconds  at  Gottingen. 
American  quakes  give  17  seconds  at  both  stations.  For  Asiatic  quakes, 
particularly  those  from  Japan,  the  period  is  shorter  at  Gottingen  (12)  than 
at  Apia  (16  :  17). 


*  G.  W.  Walker,  Modern  Seismology,  p.  46,  1913. 
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We  may  conclude,  therefore  : — 

(1.)  Epicentral  distance  is  an  important  factor  in  determining  the 
period  of  Coda  waves,  and  also  in  a  minor  degree  that  of  the  main 
phase  :  nearer  stations  give  shorter  periods.  It  is  probable  that  periods 
of  9-12  and  18  are  generated,  but  that  near  the  epicentre  the  shorter 
periods  predominate,  while  for  greater  distances  these  short-period  waves 
are  damped  o  t  in  accordance  with  the  well-known  laws  of  damping. 
Thus  for  a  distant  station  the  larger  period  will  predominate.  The 
observations  of  Rosener  mentioned  above  for  Siberian  earthquakes  are 
not  inconsistent  with  this  view.  It  may  be  that  for  very  strong  earth¬ 
quakes  a  larger  proportion  of  waves  with  long  period  are  generated, 
as  probably  greater  depths  of  earth-crust  are  affected. 

In  the  Calabrian  earthquake  of  the  8th  September,  1905,  one  of  the 
largest  recorded,  the  maximum  of  the  main  phase  at  Gottingen  had  a 
period  of  9-12  seconds  (neglecting  the  initial  part  of  waves  with  rapidly 
decreasing  period).  The  amplitude  after  9  minutes  fell  to  10  per  cent,  of 
its  maximum  value.  At  Samoa  the  maximum  part  of  the  main  phase  had 
a  period  of  18-20  seconds,  while  30  minutes  later  the  amplitude  and 
period  were  only  slightly  decreased.  The  Coda  period  at  Samoa  was 
18  seconds,  and  at  Gottingen  12  seconds.  It  thus  appears  that  the  waves 
of  18-20-seconds  period  at  Samoa  are  due  to  a  natural  vibration  of  some 
parts  of  the  upper  crust  between  Calabria  and  Samoa,  which  may  store 
up  energy  and  re-radiate  it  slowly.  Such  favourable  conditions  for 
origination  of  an  18-second  period  may  not  exist  between  Calabria  and 
Gottingen. 

(2.)  In  addition  to  the  influence  of  epicentral  distance  the  nature  of 
the  path,  whether  under  ocean  or  continent,  appears  to  be  an  important 
factor.  Thus  the  American  quakes  show  the  same  period  (18  seconds) 
at  Apia  as  at  Gottingen,  the  paths  being  under  ocean  in  both  cases  and 
nearly  equal.  The  Japanese  quakes,  on  the  other  hand,  give  a  shorter 
period  (12  seconds)  at  Gottingen  than  at  Apia  (16-5  seconds).  In  the 
former  case  the  path  is  under  the  Asiatic  continent  and  in  the  latter  under 
the  deep  Pacific.  Also,  the  Coda  waves  of  the  Kamchatka  earthquake 
(used  above  for  velocity  considerations)  are  shorter  at  Tiflis  than  at  Samoa. 
If  we  assume,  with  Wiechert,  that  the  L,  waves  and  Coda  waves  contain 
natural  vibration  of  an  upper  solid  crust  resting  on  a  fluid  lava,  the 
thickness  of  the  crust  is  one-half  the  wave-length  of  the  fundamental  natural 
vibration  for  a  transverse  1Ll  wave.  Thus  if  D  be  the  thickness  of  crust, 


T  the  period  of  vibration,  and  v  the  wave-velocity,  then  D 


If 


the  values  for  v  obtained  in  the  preceding  section  be  taken,  i.e.,  vcont  = 
3-87  km./sec.,  vocenn  =  4-68  km./sec.,  T  may  be  best  obtained  from  the 
Coda  waves,  which  for  the  Kamchatka  and  Kurile  earthquakes  give  Toc  — 
18-5,  and  Tc0  =  15-2.  For  Japanese  quakes  the  values  for  Apia  and 
Gottingen  are  16-5  and  12-0.  Taking  the  mean  values  Toc  =  17-5  and 
Te0  =  14-5,  we  obtain  the  mean  thickness  of  the  earth-crust  as  41  km. 
under  the  ocean  and  28  km.  under  the  Asiatic  continent. 

Reasons  have  already  been  given  in  Section  II  for  the  assumption  that 
for  an  epicentral  distance  of  less  than  6°  the  preliminary  tremors  for  an 
earthquake  under  the  Pacific  Ocean  travel  the  entire  length  of  their  path 
through  the  upper  crust.  The  greatest  depth  which  such  waves  reach  in 
their  path  can  be  calculated  to  be  50  km.  We  may  thus  take  50  km.  as 
an  appropriate  value  of  the  thickness  of  the  earth’s  crust  under  deep  ocean 
in  confirmation  of  the  value  deduced  above. 
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VIII.  The  Upper  Crust  of  the  Earth  according  to  Gravity- 
observations  and  Seismic  behaviour. 

The  results  of  gravity-observations  suggest  that  at  great  depths  the 
interior  of  the  earth  is  built  up  according  to  the  laws  of  hydrostatics. 
Differences  from  these  laws  are  to  be  expected  only  in  the  upper  crust. 
Thus  at  a  distance  of  120  km.  below  the  surface  according  to  Helmert, 
44-60  km.  according  to  others,  we  have  a  surface  in  perfect  hydrostatic 
equilibrium,  so  that  in  this  thickness,  which  we  may  call  the  earth’s  crust, 
the  total  effect  of  mass  and  stress  over  any  area  of,  say,  a  few  hundred 
square  kilometres  is  the  same.  A  good  proof  of  this  may  be  seen  in  the  fact 
that  gravity  over  great  ocean-depths  is  the  same  as  over  low-lying  lands  of 
continents.  The  greater  volume  of  continental  blocks  is  compensated  by 
the  greater  density  under  the  ocean,  where  again  the  surplus  of  mass  is 
compensated  by  the  smaller  density  of  water.  According  to  Pratt  the 
lower  density  of  continents  and  mountains  originates  by  certain  masses 
expanding  in  the  solidification  of  the  earth’s  crust,  while  other  masses  now 
in  the  bed  of  the  ocean  contracted  and  sank.  H.  Faye  believes  that  on 
account  of  the  overlying  water  the  cooling  under  ocean  takes  place  quicker 
than  under  the  inferior  conducting  air  over  continents.  In  this  way  the 
earth’s  crust  under  the  ocean  is  thicker  than  under  continents.  We 
have  seen  that  the  seismic  observations  agree  to  a  certain  extent  with 
this  hypotheses. 

Firstly,  disturbances  of  hydrostatic  equilibrium,  and  thus  stresses  in 
the  crust,  are  to  be  expected  only  to  the  lower  boundary  of  the  crust.  More¬ 
over,  stresses  producing  earthquakes  are  to  be  expected  when  neighbouring 
positive  and  negative  gravity-disturbances  suggest  disturbance  of  a  hydro¬ 
static  equilibrium  and  resulting  stresses  in  the  crust.  In  the  Pacific  the  most 
pronounced  disturbance  of  this  kind  is  near  the  Tonga  Deep.  Gravity  above 
the  Tonga  Deep  is  0*25  cm./sec.2  too  small,  so  that  we  must  have  a  large 
superficial  defect  of  mass.  The  westerly  boundary  of  the  Tonga  Plateau, 
on  the  other  hand,  has  a  gravity  surplus  of  0-17  cm./sec.2,  and  thus  a 
considerable  surplus  of  surface  mass.  The  elastic  stress  in  the  crust  must 
therefore  be  directed  from  west  to  east — i.e.,  from  the  plateau  to  the  deep. 
It  will  be  remembered  that  in  agreement  with  this  the  epicentres  of  Tongan 
earthquakes  were  all  found  on  the  west  side  of  the  deep. 

Secondly,  below  the  boundary  surface  of  the  crust  we  may  expect  no 
difference  of  density,  pressure,  or  elastic  behaviour  :  i.e.,  these  can  only  be 
expected  in  the  crust  itself.  Consequently,  only  that  part  of  the  path  of 
seismic  waves  which  is  on  the  crust  can  show  the  influence  of  different 
elasticity,  &c.  For  great  epicentral  distances,  therefore,  we  can  expect 
only  small  differences  of  travelling-time  of  P  and  S  with  difference  of  azimuth 
under  ocean  or  continent,  as  in  this  case  only  a  small  part  of  the  seismic 
ray  travels  through  the  crust  above  the  boundary  surface.  For  small 
epicentral  distances  of  P  and  S  and  for  the  surface  waves  of  the  main  phase 
we  may  expect  differences.  We  have  seen  that  this  is  the  case. 

Thirdly,  denudation  lightens  the  continent  and  increases  the  weight  on 
the  sea-floor.  This  in  addition  to  the  quicker  cooling  of  the  earth’s  crust 
under  ocean  should  give  a  thicker  crust  there  than  under  continent.  We 
have  seen  that  the  observations  of  surface  waves  give  ample  support  to 
this  hypothesis. 

Summary. 

1.  For  a  strong  Tongan  earthquake  of  strength  VIII  the  true  tilt  did 
not  exceed  2  seconds  of  arc  6  minutes  after  the  end  of  violent  shaking. 
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2.  The  epicentres  of  the  earthquakes  investigated  (thirteen  world-shaking 
earthquakes,  and  seventy-seven  of  character  II  and  III)  all  lie  on  the  Tonga 
Plateau,  on  the  west  side  of  the  Tonga  Deep. 

3.  The  travelling-times  for  P  and  S  under  the  Pacific  for  6°  epicentral 
distance  are  13  and  25  seconds  smaller  than  under  the  European  continent. 
This  corresponds  to  a  velocity  18  per  cent,  greater  under  ocean  than  under 
continent. 

4.  P  waves  could  be  followed  to  A  =  145°,  the  travelling-time  for 
this  epicentral  distance  being  1,040  seconds.  From  the  PP  curve  a  part 
was  found  to  split  off  at  about  A  =  100°,  and  this  part  could  be  followed 
to  177°. 

5.  The  velocity  of  the  main  waves  under  the  Pacific  is  21  to  26  per  cent, 
greater  than  under  the  Asiatic  continent. 

6.  The  absorption  of  the  energy  under  the  Pacific  is  greater  than  under 
the  Asiatic  continent. 

7.  The  time  period  of  Coda  waves  travelling  under  the  Pacific  is  greater 
than  that  under  the  Asiatic  continent.  If  follows  that,  if  Coda  waves  are 
fundamental  natural  vibrations  of  the  upper  crust,  the  thickness  of  the 
crust  under  the  Pacific  (41  km.)  is  greater  than  the  thickness  under  the 
Asiatic  continent  (28  km.). 

8.  The  properties  of  the  upper  crust  deduced  from  its  seismic  behaviour 
are  in  agreement  with  deductions  from  gravity  observations. 

I  have  to  gratefully  acknowledge  the  assistance  of  my  wife  in  the 
preparation  of  this  paper,  and  of  Mr.  E.  Demandt  for  the  preparation  of  the 
map  and  figures. 
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Table  I. 


Date. 

Time  of  Origin. 

Epicentre. 

2/1/1907 

H. 

11 

M. 

55 

s. 

40 

21-0° 

S.  ; 

175-0° 

W.  ; 

Tonga  Deep  (1). 

31/3/1907 

22 

59 

38 

21-0° 

S.  ; 

174-2° 

W.  ; 

Tonga  Deep  (2/ 

31/5/1907 

12 

42 

39 

20-0° 

S.  ; 

176-8° 

W.; 

Tonga  Deep  (3). 

10/4/1909 

5 

27 

3 

18-0° 

S.  ; 

174-0° 

W.  ; 

Tonga  Deep  (4). 

26/6/1913 

4 

57 

3 

21-0° 

8.  ; 

174-0° 

W.  ; 

Tonga  Deep  (5). 

28/7/1913 

5 

39 

20 

17-5° 

S.; 

74-5° 

W.  ; 

Peru. 

6/8/1913 

22 

14 

14 

18-0° 

S.  ; 

73-0° 

W.  ; 

Peru, 

3/9/1913 

20 

51 

10 

6-5° 

8.  ; 

153-5° 

W.  ; 

Solomon  Islands. 

10/11/1913 

21 

12 

10 

18-0° 

S.  ; 

170-0° 

E.  ; 

New  Hebrides. 

11/4/1914 

16 

29 

30 

160° 

S.  ; 

168-0° 

E.  ; 

New  Hebrides. 

26/5/1914 

14 

22 

40 

0-3° 

8.  ; 

138-8° 

E.  ; 

New  Guinea. 

26/6/1914 

4 

50 

8 

130° 

S.  ; 

167-0° 

E.  ; 

New  Hebrides. 

6/10/1914 

19 

16 

3 

32-5° 

8.; 

182-0° 

W.  ; 

Tonga  Deep. 

20/12/1914 

14 

8 

43 

16-5° 

8.; 

173-5° 

W.  ; 

Tonga  Deep  (6). 

5/1/1915 

14 

32 

38 

16-5° 

8.; 

168-5° 

E.  ; 

New  Hebrides. 

6/6/1915 

21 

28 

46 

19-0° 

S.  ; 

69-0° 

W.  ; 

Chile. 

27/2/1916 

20 

20 

36 

10-5° 

N.  ; 

91-0° 

W.  ; 

west  coast  of  Central  America. 

21/6/1916 

21 

32 

33 

17-0° 

8.  ; 

57-0° 

W.  ; 

Brazil. 

3/8/1916 

1 

30 

2 

4-0° 

S.  ; 

144-5° 

E.  ; 

New  Guinea. 

11/10/1916 

18 

5 

30 

15-0° 

8.  ; 

175-0° 

W.  ; 

Tonga  Deep  (7). 

20/10/1916 

17 

4 

37 

16-0° 

8.; 

173-0° 

W.  ; 

Tonga  Deep  (8). 

1/5/1917 

18 

26 

45 

26-5° 

S.  ; 

177-5° 

W.  ; 

Tonga  Deep  (9). 

26/6/1917 

5 

49 

23 

16-0° 

8.  ; 

173-0° 

W.  ; 

Tonga  Deep  (10). 

16/11/1917 

3 

19 

28 

29-8° 

S.  ; 

178-7° 

W.  ; 

Tonga  Deep  (11). 

30/4/1919 

7 

16 

48 

19-5° 

8.; 

173-0° 

W.  ; 

Tonga  Deep  (12). 

28/10/1914 

0 

16 

20 

37-5° 

8.; 

180-0° 

W.  ; 

Tonga  Deep. 
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Table  II. — Epicentral  Distance,  Travelling -time,  and  Azimuth  (from  Apia) 
of  the  Largest  Earthquakes  of  the  Tonga  Deep. 


Date. 

Station. 

A 

P  Wave. 

S  Wave. 

S-P. 

Axin 

Calculated 

from 

Epicentre. 

Quth. 

Calculated 

from  Ae 

An. 

o 

Sec. 

Sec. 

Sec. 

2/1/1907 

Apia 

7-9 

107 

177 

70 

S.  25°  W. 

S.  15°  W. 

31/3/1907 

99  •  • 

7-5 

95 

177 

82 

•  • 

•  • 

31/5/1907 

99  9  9 

8-0 

112 

187 

75 

S.  40°  W. 

S.  25°  W. 

10/4/1909 

99  9  9 

31 

49 

(79) 

(30) 

S.  47°  W. 

S.  52°  W. 

26/6/1913 

9  9 

27-6 

106 

188 

82 

S.  17°  W. 

S.  25°  W. 

6/10/1914 

99  9  9 

210 

315 

.  • 

•  • 

•  • 

«  . 

6/10/1914 

Christchurch .  . 

110 

153 

285 

132 

•  • 

.  • 

28/10/1914 

99  8  9 

7-5 

•  • 

196 

•  • 

•  • 

•  • 

20/12/1914 

Apia 

3-2 

53 

93 

40 

S.  34°  W. 

S.  32°  W. 

11/10/1916 

99  9  9 

3-3 

48 

68 

20 

S.  72°  W. 

S.  66°  W. 

20/10/1916 

99  9  9 

2-5 

•  • 

•  . 

18 

.  • 

•  • 

1/5/1917 

9  9  9  9 

14-0 

214 

363 

149 

S.  24°  W. 

S.  20°  W. 

1/5/1917 

Wellington  .  . 

16-0 

243 

423 

180 

.  . 

•  • 

26/6/1917 

Apia 

2-4 

42 

58 

16 

S.  30°  W. 

S.  29°  W. 

16/11/1917 

99  9  9 

17-2 

240 

428 

188 

•  • 

c  • 

30/4/1919 

9  9  :  9 

6-2 

84 

144 

30 

S.  13°  W. 

S.  20°  W. 

Means  . . 

•  • 

S.  33-6°  W. 

S.  31-6°  W. 

Table  ITT. — Travelling -time  Curve. 


A 

P. 

S. 

P  co  —  P  oc. 

Sco  —  Soc. 

A 

P. 

P1. 

o 

Sec. 

Sec. 

Sec. 

Sec. 

o 

Sec. 

Sec. 

3 

47 

70 

-  1 

-14 

90 

796 

,  , 

4 

57 

92 

-  3 

-19 

95 

•  • 

a  a 

5 

68 

114 

-  9 

-24 

100 

840 

1,057 

6 

78 

138 

-14 

-27 

105 

•  • 

1,085 

7 

93 

165 

-14 

-27 

110 

884 

1,109 

8 

108 

193 

-14 

-25 

115 

a  a 

1,130 

9 

122 

220 

-14 

-24 

120 

928 

1,147 

10 

137 

253 

-14 

-17 

125 

a  • 

1,162 

11 

153 

285 

-13 

-10 

130 

973 

1,174 

12 

169 

315 

-10 

-  5 

135 

a  a 

1,185 

13 

184 

341 

-  8 

-  3 

140 

1,018 

1,193 

14 

202 

366 

-  4 

-  2 

145 

a  a 

1,199 

15 

217 

390 

-  2 

-  2 

150 

1,063 

1,203 

16 

230 

414 

-  2 

-  1 

155 

,  , 

1,205 

17 

242 

436 

-  2 

-  1 

160 

a  a 

1,206 

18 

255 

460 

-  2 

-  0 

165 

,  , 

1,206 

170 

• 

•  • 

1,206 

15 — Science. 


226 


The  N.Z.  Journal  of  Science  and  Technology. 


[Nov. 


Table  IV. 
1st  May,  1915. 


Time  of  earthquake,  5  h.  59  m.  55  s.  ;  epicentre,  49-0°  N.,  154-0°  E.  (Kurile). 


-  !  P  (observed). 

A 

Travelling¬ 

time. 

P 

(calculated). 

P  (obs.  —  cal.). 

1. 

M.  S. 

o 

s. 

M.  S. 

S. 

Irkutsk 

6  29 

31-7 

405 

6  40 

-11 

Ekaterinburg  . . 

9  26 

53-7 

572 

9  27 

-  1 

Pulkowa 

10  36 

64-2 

639 

10  34 

+  2 

Baku 

11  8 

69-7 

676 

11  11 

-  3 

Tiflis  . . 

11  26 

71-8 

687 

11  22 

+  4 

Eskdalemuir  . . 

11  49 

75-2 

710 

11  45 

+  4 

Mean 

-  1-0 

II. 

M.  S. 

O 

s. 

M.  S. 

s, 

Zikawei 

6  21 

30-5 

393 

6  28 

-  7 

Taihoku 

7  6 

34-7 

431 

7  6 

+  6 

Manila 

8  14 

44-5 

509 

8  24 

-10 

Batavia 

11  13 

69-5 

674 

11  9 

+  4 

Samoa 

11  16 

69-8 

676 

11  11 

+  5 

Riverview  (Sydney) 

12  18 

81-0 

740 

12  15 

+  3 

Mean 

-  1*0 

III. 

M.  S. 

O 

s. 

M.  S. 

s. 

Berkeley 

9  58 

59-0 

605 

10  0 

-  2 

Santa  Clara 

10  10 

60-5 

617 

10  12 

+  o 

St.  Louis 

11  55 

77-0 

717 

11  52 

+  3 

Ottawa 

11  56 

78-3 

724 

11  89 

-  3 

Mean 

-  0-5 

31st  July,  1915. 


Time  of  origin,  1  h.  31  m.  14  s.  ;  epicentre,  55-0°  N.,  162-0°  E.  (Kamchatka). 


— 

P  (observed). 

A 

Travelling  - 
time. 

P 

(calculated). 

P  (obs.  —  cal.). 

I.  • 

M.  S. 

o 

; 

s. 

M.  S. 

s. 

Irkutsk 

38  12 

34-0 

425 

38  19 

-  7 

Ekaterinburg  .  . 

40  38 

52-3 

562 

40  36 

+  2 

Pulkowa 

41  34 

60-0 

612 

41  26 

+  8 

Baku  . . 

42  22 

69-7 

675 

42  29 

-  7 

Tiflis  . . 

42  43 

71-0 

683 

42  37 

+  6 

Mean 

•  • 

+  0-4 

II. 

M.  S. 

O 

s. 

M.  S. 

s. 

Zikawei 

38  38 

37-8 

456 

38  50 

-12 

Manila 

40  36 

51-5 

556 

40  30 

+  6 

Samoa 

42  49 

71-8 

687 

42  41 

+  8 

Riverview  (Sydney) 

44  18 

89-0 

792 

44  26 

-  8 

Mean 

#  # 

•  • 

-  1-5 

III. 

M.  S. 

O 

s. 

M.  S. 

s. 

Berkeley 

40  40 

52-8 

565 

40  39 

+  1 

Santa  Clara 

40  35 

53-8 

572 

40  46 

-11 

Ottawa 

42  32 

69-6 

674 

42  28 

+  4 

Mean  ... 

•  • 

-  2-0 
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Phase. 


P 
iS 
iLq 
iLr 
Mn,  1 


Mn,  2  . . 


Mn,  3  . . 


C 


iP 

iS 

L 

Mn,  1  . . 


Taple  V. 


1st  May,  1915  (as  for  Table  IV). 


Greenwich 

Period. 

Amplitude. 

Time. 

An. 

Ae. 

Az. 

H.  M.  S. 

Apia. 

Seconds. 

5  11  16 

.  . 

9  • 

.  . 

20  09 

,  , 

•  • 

27  39 

.  . 

»  • 

•  . 

30  44 

37 

1,430 

,  , 

3b  21 

31 

1,760 

600 

52 

27 

1,170 

•  • 

32  19 

23 

1,320 

750 

42 

23 

1,450 

,  , 

33  05 

23 

1,220 

580 

•  • 

28 

23 

940 

51 

23 

890 

•  • 

34  14 

22 

920 

•  • 

36 

19 

1,050 

,  . 

•  • 

55 

21  • 

1,060 

650 

,  , 

35  16 

20 

860 

,  , 

37 

21 

760 

•  • 

57 

20 

760 

•  • 

36  17 

20 

660 

,  , 

38 

21 

680 

•  • 

58 

20 

230 

•  • 

38  00 

16 

75 

•  • 

39  00 

16 

104 

,  « 

40  00 

15 

112 

•  • 

41  00 

16  and  20 

210 

300 

,  , 

42  00 

16 

156 

,  , 

43  00 

18 

390 

•  . 

44  48 

19 

540 

•  • 

,  , 

45  07 

18 

700 

•  . 

25 

18 

650 

400 

43 

16 

530 

,  . 

59 

15 

335 

.  • 

46  14 

16 

320 

.  # 

30 

15 

•  • 

16-18 

•  • 

5  11  26 

Tiflis. 

20  52 

.  , 

•  • 

,  . 

32  00 

.  # 

•  • 

40  00 

29-0 

+  2,824 

,  , 

17 

31-5 

-3,541 

18 

25-4 

•  • 

-1,458 

41  26 

26-0 

+  2,050 

43  27 

24-2 

+  1,162 

45  03 

24-0 

-766 

18 

24-0 

+  822 

27 

24-0 

-780 

46  05 

20-0 

+  1,896 

•  • 

47  11 

20-0 

-2,791 

.  . 
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Table  V — continued. 


1st  May,  1915  (as  for  Table  IV). 


Phase. 

Greenwich 

Time. 

Period. 

Amplitude. 

An. 

Ae. 

Az. 

Tiflis — continued . 

H.  M.  S. 

Seconds. 

M 

Me,  2  . . 

20 

19-4 

.  # 

+3,052 

30 

19-4 

•  • 

-2,917 

58 

20-2 

-1,096 

#  , 

48  15 

19-4 

.  # 

-1,717 

Mn,  2  . . 

48  46 

20-2 

+  1,125 

•  • 

51  14 

20-2 

+  852 

•  • 

26 

20-2 

-794 

•  • 

53 

17-4 

-855 

54  32 

19-2 

•  • 

-538 

55  31 

18-4 

,  , 

-553 

48 

20-0 

+415 

•  . 

Mn,  3  .. 

55 

18-0 

+  332 

•  • 

•  . 

57  52 

17-0 

,■  . 

-293 

59 

18-4 

-477 

59  49 

16-4 

,  , 

-300 

61  42 

17-4 

,  , 

—  128 

62  24 

16-4 

•  • 

+  112 

57 

16-0 

.  , 

-130 

64  42 

16-4 

,  . 

+  151 

65  14 

14-0 

•  . 

+90 

C 

14-0-16-4 

•  • 

Table  VI. 

31st  July,  1915.  Kamchatka,  55'0°  N.,  162’0°  E.  (see  Table  IV). 


Phase. 

1 

Greenwich 

Time. 

Period. 

Amplitude. 

An. 

Ae. 

Az. 

Apia. 

H.  M.  S. 

Seconds. 

k 

u 

h 

P 

1  42  49 

.  . 

•  • 

.  . 

iS 

52  04 

•  « 

,  , 

.  , 

iLq 

2  00  00' 

Only  in  E.-W. 

•  • 

•  . 

Lr 

01  00 

•  • 

•  . 

.  . 

M 

03  49 

37 

320 

103 

,  . 

04  07 

32 

285 

150 

04  26 

28 

250 

m 

14 

t  •  . 

80 

•  • 

44 

27 

275 

Mn,  1  . . 

05  11 

25  and  22 

360 

150 

36 

24-5  and  22 

310 

135 

06  00 

21 

215 

.  , 

21 

21 

220 

.  . 

•  • 

42 

23 

250 

•  . 
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Table  VI — continued. 

31st  July,  1915.  Kamchatka,  55o-0  N.,  162 ‘0°  E.  (see  Table  IV). 


Phase. 


Greenwich 

Time. 


Period. 


Amplitude. 


An. 


Ae. 


Az. 


Apia — continued. 


H.  M.  s. 

Seconds. 

A 

A* 

A 

Mn,  2  .. 

07  05 

23 

250 

28 

18 

120 

46 

23 

175 

08  09 

19 

150 

28 

19 

135 

47 

16 

80 

09  13 

19 

135 

32 

21 

180 

53 

18 

120 

10  11 

20 

180 

31 

18 

140 

49 

18 

150 

J20 

11  07 

18 

100 

25 

16 

85 

41 

18 

110 

12  09 

18 

110 

27 

21 

145 

48 

18 

120 

13  05 

17 

105 

23 

18 

120 

44 

21 

155 

14  05 

21 

100 

23 

18 

65 

16  00 

20 

.  . 

50 

Tiflis. 

iP 

1  42  43 

•  . 

•  . 

.  0 

iS 

52  09 

.  , 

.  . 

•  • 

•  . 

L 

2  07  00 

.  . 

•  • 

.  , 

•  . 

11  36 

27-0 

,  , 

+  944 

.  . 

Mn,  1  .  . 

48  ■ 

26-4 

-1,133 

-918 

•  . 

12  00 

24-0 

•  • 

+  886 

•  • 

Mn,  2  .  . 

48 

23-0 

+  712 

.  . 

•  . 

15  30 

20-0 

,  , 

•  e 

-134 

44 

20-4 

.  # 

+463 

•  • 

16  42 

22-0 

+  520 

•  • 

•  . 

17  19 

25-0 

•  • 

,  . 

-260 

18  14 

19-0 

•  • 

-766 

.  * 

24 

18-0 

•  • 

+  801 

•  . 

32 

21*2 

+  883 

•  » 

•  • 

34 

18*0 

•  • 

-771 

•  • 

39 

20*0 

-819 

•  • 

•  • 

51 

20*0 

-819 

,  , 

o  • 

20  08 

21-0 

•  • 

.  , 

+263 

23 

17*6 

+460 

.  . 

•  • 

21  49 

17*2 

,  , 

•  • 

-134 

22  55 

17*2 

-234 

•  o 

•  • 

23  01 

14*0 

•  • 

•  • 

+  91 

24  25 

17*0 

•  • 

+290 

24  53 

14*2 

•  • 

•  • 

-54 

27  54 

150 

•  • 

+34 
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Table  VII. 


1st  May,  1915,  5  h.  59  m.  55  s. 


Amplitude. 

Phase. 

Period. 

Time 

Travelling¬ 

time. 

Velocity. 

of  Arrival. 

An. 

Ae. 

Az. 

Apia.  (Epicentral  distance,  7,750  km.) 


Sec. 

H.  M.  S. 

Sec. 

km. /sec. 

Lq 

•  . 

5  27  39 

1,654 

4-70 

,  , 

,  . 

Lr  . . 

37 

30  44 

1,839 

4-23 

,  • 

•  a 

Mn,  1 

31 

31  21 

1,876 

4-15 

1,760 

580 

Mn,  2 

21 

34  55 

2,090 

3-73 

1,060 

®  . 

Mn,  3 

18 

45  07 

2,702 

2-88 

700 

Biverview.  -  (Epicentral  distance,  9,000  km. ) 

M,  1  . . 

23 

40  18 

2,413 

3-74 

e  a 

1 

M,  2.. 

21 

43  20 

2,595 

3-48 

626 

435  j 

Tiflis.  (Epicentral  distance,  7,970  km.) 


Lq  . . 

•  a 

5  32  0 

1,915 

4-16 

a  a 

,  , 

a  a 

Mn,  1 

31-5 

40  17 

2,412 

3-30 

3,541 

3,052 

822 

Me,  2 

a  a 

47  20 

2,835 

2-81 

.  , 

,  , 

a  a 

Mn,  2 

20-2 

48  46 

2,921 

2-74 

1,125 

,  # 

Mn,  3 

18 

55  55 

3,350 

2-39 

332 

Phase. 


Table  VIII. 


31st  July,  1915,  1  h.  31m.  14  s. 


Period. 

Time 

Travelling- 

Velocity. 

Amplitude. 

of  Arrival. 

time. 

An. 

Ae. 

Az. 


Apia.  (Epicentral  distance,  7,970  km.) 


Sec. 

H.  M.  S. 

Sec. 

km./sec. 

fj. 

Lq  .  . 

.  . 

2  00  00 

1,726 

4-65 

Lr  .  . 

.  , 

01  00 

1,786 

4-48 

M 

37 

03  49 

1,955 

4-09 

Mn,  1 

25 

05  11 

2,037 

3-93 

360 

103 

Mn,  2 

23 

06  42 

2,128 

3-75 

250 

. . 

Biverview.  (Epicentral  distance,  9,880  km.) 


L  . . 

. .  1 

2  07  18 

2,164 

4-58 

1 

•  • 

Mn,  1 

21 

16  55 

2,741  | 

3-61 

1.72 

80 

Tiflis.  (Epicentral  distance,  7,880  km.) 


L 

. 

2  07  00 

2,174 

3-58 

Mn,  1 

26-4 

11  48 

2,430 

3-24 

l,i33 

944 

Mn,  2 

230 

12  48 

2,490 

3-18 

712 

260 


Pullcowa.  (Epicentral  distance,  6,660  km.) 


L 

? 

1  58  00 

1,634  1  4-09 

| 

Mn  . . 

9 

2  06  15 

2,129  3-14 

.. 
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Table  IX. — Periods  of  Main-phase  and  Coda  Waves  at  Apia  and  Gottingen. 


Samoa. 

Gottingen. 

Date. 

Epicentre. 

LsM. 

Coda. 

LSM. 

Coda. 

I.  Southern  Pacific. 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

12/6/1905 

Gilbert  Islands 

10 

10 

18-24 

18 

14/6/1905 

South  of  Rarotonga  . . 

17,  9 

10,  5 

18-24 

18 

30/6/1905 

East  of  Solomons 

17, 11 

11 

18 

17/7/1905 

Tonga  Deep 

14 

10 

18-24 

18 

14/4/1906 

New  Hebrides 

15, 11 

9 

.  . 

18 

1/6/1906 

New  Guinea . . 

27,  14,  18 

14-18 

18 

18 

14/9/1906 

Bismark  Archipelago  . . 

20,  15 

14,  10 

.  • 

18 

2/10/1906 

99  .  * 

33-26 

14,  12 

18,  19 

18 

15 

30/3/1910 

Gilbert  Islands 

15 

12 

.  • 

18 

14/11/1906 

East  of  New  Caledonia 

24,  8,  12 

6,  12 

50-42,  24 

18 

Mean 

11 

18 

II.  Asia. 

6/7/1905 

South  of  Japan 

19 

17 

18 

12,  13 

9/7/1905 

Mongolia 

60-30 

16 

40 

18 

23/7/1905 

99  *  *  *  * 

60-41 

22-16 

40 

18 

15/9/1905 

Kamchatka  . . 

28,19 

18 

30 

18 

17-18 

12-20 

21/1/1906 

Japan 

30,  18 

17 

12,  12 

12 

19/6/1906 

Philippines  . . 

25,  17 

•  • 

40,  30 

12 

17/10/1906 

99 

31,  16 

12 

40-25 

20,  15 

12 

7/9/1906 

Japan 

27,  17,  19 

16 

30,  22, 

12,  13 

19,  15 

15 

12/7/1911 

Philippines  . . 

28,  20,  19 

. . 

17,  18 

12 

13/10/1911 

Sakhalin 

20 

16 

12-18 

12 

14/10/1911 

Aleutian  Islands 

24,  25,  20 

12-18 

12 

Mean 

16 

14 

I 

II.  Europe. 

8/9/1905 

Calabria 

52-36,  21, 

18 

10-15,  9 

12 

19,  18 

19/3/1906 

Iceland-Greenland 

22 

20-18 

19 

10,  11,  12 

Mean 

18 

. 

11 

r 

V.  America. 

3/3/1906 

Antilles 

19 

19 

30,  16 

15,  17,  5 

31/1/1906 

Ecuador 

19,  16 

15,  19 

18 

18 

18/4/1906 

San  Francisco 

57,  11,  9,  8, 

16 

60,  35,  30, 

18 

5,  17 

22,  20 

17/8/1906 

Chile 

55,  12,  24,  19, 

14,  18 

18,  22,  17 

17,  18 

20,  18,  15 

19/7/1906 

99 

28,  18,  15 

.  • 

18 

17,  18 

30/8/1906 

99  *  * 

27,  17,  15 

. . 

18 

18,  17 

15/4/1907 

Mexico 

20,  18,  19 

17,  18 

18 

18 

30/7/1909 

99  m  •  •  *  * 

38,  19,  17 

•  * 

34,  21,  18, 
24 

18 

Mean 

17 

17 
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MAORI  STRING  -  GAMES. 

Second  Series. 

( Continued  from  page  154.) 

By  Johannes  C.  Andersen. 

With  Illustrations  by  J.  McDonald. 

Te  ara  pikipiki  a  Tawhaki. 

(From  Te  Rangi-ua  and  his  wife,  Whaare-mutu,  of  the  Tuhoe  Tribe.) 

Two  persons,  A  and  B,  are  required  for  the  production  of  this  figure, 
the  greater  part  being  done  by  A,  who  .uses  his  foot  as  well  as  his  hands. 
It  is  better  if  a  third  person  C  assists,  as  the  foot  need  not  then  be  used. 
A.  1.  Opening  A. 

2.  Thumbs  under  forefinger  loop,  into  little-finger  loop  from  above  ; 
pick  up  on  backs  the  far  little-finger  string  and  return. 

3.  Little  fingers  over  forefinger  loop,  into  thumb  loop  from  below  ; 


return,  carrying  back  the  far  thumb  string. 
4.  Release  thumbs. 


Fig.  13. — Te  ara  pikipiki  a  Tawhaki.  After  movement  7. 


5.  Thumbs  over  forefinger  loop  and  into  upper  little-finger  loop  from 
below  ;  return,  carrying  back  near  upper  little-finger  string. 

6.  Left  forefinger  down  into  forefinger  loop,  leaving  the  palmar  string 
between  the  forefinger  and  the  palm,  pick  up  on  back  the  near  forefinger 
string.  Right  forefinger  down  behind  far  little-finger  string,  take  it  up 
on  inner  side  of  finger,  turn  finger  towards  you  and  up,  looping  the  string 
round  the  finger. 

7.  On  both  hands,  slip  lower  forefinger  loop  over  upper  loop  and  tip  of 
finger,  dropping  it  on  palmar  side,  taking  care  that  the  rest  of  the  loops 
do  not  slip  from  their  places. 

B.  8.  B  takes  far  string  of  forefinger  loop  on  A’s  left  hand  with 
forefinger  and  thumb  of  right  hand,  and  near  string  of  thumb  loop  in 
forefinger  and  thumb  of  left  hand. 


Fig.  14. — Te  ara  pikipiki  a  Tawhaki.  After  movement  12. 

figure  are  botli  looped  round  the  bottom  string  ;  one  of  them  passes  in 
a  loop  directly  over  the  top  string  and  down  again,  round  two  of  the 
vertical  strings,  and  over  one  from  the  end  of  the  right-hand  loop  resting 
on  the  top  string,  again  to  the  bottom  string.  Work  the  strings  in  the 
ceUtre  under  the  top  string  till  the  single  loop  above  described  is  extended 
vertically  within  a  triangle  whose  base  is  the  top  string  (single)  and  whose 
two  sides  are  double  strings.) 

13.  A  takes  the  central  loop  with  forefinger  and  thumb,  and  lifts  it 
to  the  left  over  the  top  left  angle  of  the  figure,  the  hand  being  momentarily 
released  during  the  action,  but  care  being  taken  not  to  release  the  main 
string  altogether,  and  lets  it  drop  down  the  left  side,  till  it  rests  horizontally 
across  the  left  half  of  the  figure,  below  the  loop  already  extending  diagonally 
between  the  top  string  and  the  left  side  string.  The  figure  resulting  is 
Korokoro  o  Kiwi. 
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A.  9.  A  removes  his  left  hand,  dropping  little-finger  loop  altogether. 

10.  A  takes  far  string  of  right  forefinger  loop  in  forefinger  and  thumb 
of  left  hand,  and  near  string  of  right-thumb  loop  in  forefinger  and  thumb 
of  right  hand,  dropping  the  little-finger  loop  altogether. 

11.  Extend,  holding  the  pattern  vertically. 

12.  A  transfers  loop  held  by  right  hand  to  foot,  or  both  loops  held  by 
A  may  be  held  by  a  third  person  C,  leaving  A  free  to  manipulate  the 
strings.  (The  strings  are  now  arranged  within  the  four  sides  of  a  rect¬ 
angle,  of  which  the  top,  left,  and  bottom  are  one  continuous  string,  the 
right  side  string  being  twisted  near  the  top  in  a  loop  whose  other  end  is 
crossed  over  the  top  string.  The  vertical  strings  in  the  centre  of  the 
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Fig.  15. — Korokoro  o  Kiwi.  After  movement  13  of  Te  ara  pikipiki  a  Taivhaki. 


Fig.  16. — Takoko.  After  movement  14  of  Te  ara  pikipiki  a  Tawhaki. 
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14.  A  takes  the  near  string  of  the  lower  loop  on  the  left  of  the  figure, 
raises  it  above  the  top  string  near  middle  of  the  figure,  hooks  his  forefinger 
round  the  top  string  (the  raised  string  resting  on  the  back  of  the  finger), 
releases  left  corner  as  the  forefinger  is  slipped  to  the  left,  catching  the  corner 
again,  the  loops  having  slipped  free.  The  figure  resulting  is  Takoko. 

15.  A  takes  top  string  where  it  forms  the  base  of  an  inverted  triangle 
with  double-string  sides,  slides  finger  along  to  the  left,  pushing  the  loop 
to  the  side  string,  releasing  the  hold  on  the  left  angle  as  the  loop  slips  by. 
The  two  loops  passing  round  the  left  side  string  are  arranged  so  as  to  form 
a  low  inverted  triangle  with  double  base  and  sides,  the  apex  being  formed 


Fig.  17. — Te  hoe  a  Kupe.  After  movement  15  of  Te  ara  pikipiki  a  Tawhalci. 


of  the  strings  crossed  under  the  bottom  string.  The  figure  resulting  is. 
Te  hoe  a  Kupe. 

This  is  a  figure  which,  on  Tawhaki  being  set  up,  appealed  very  much 
to  the  Whanganui  Maori.  By  a  slight  manipulation  the  blade  of  the  paddle, 
whose  point  is  at  the  bottom  left-hand  corner,  can  be  made  longer  and 
narrower,  when  the  shape  of  the  whole  is  very  like  that  of  the  paddles  so 
much  used  on  the  Wanganui  Biver. 

16.  A  disengages  the  strings  at  the  apex  of  the  triangle  described 
above,  making  two  triangles  of  single  strings  on  the  same  double  base, 
and  forming  between  them  a  small  triangle  whose  base  is  the  bottom  string. 

17.  Insert  the  finger  in  this  triangle,  push  the  triangle  on  the  left  to  the 
left,  releasing  the  bottom  left  corner  as  the  triangle  slips  to  the  side, 
Draw  all  taut,  when  there  are  three  double  strings  forming  loops  meeting. 
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Fig.  18. — Turuturu  a  Maui.  After  movement  17  of  Te  ara  vikipiki  a  Tawhaki, 


Fig.  19. — Ruaumoko  After  movement  18  of  Te  ara  pikipiki  a  Tawhaki 
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in  the  centre — one  from  the  top,  one  from  the  left  side,  and  one  from  the 
base.  The  figure  resulting  is  Turuturu  a  Maui . 

18.  A  takes  the  double  string  going  from  centre  to  left  side  string  on 
back  of  forefinger,  raises  it  over  the  top  string,  hooks  that  string  in  crook 
of  forefinger,  and  releases  the  double  string  and  the  left  top  corner,  holding 
that  corner  again  on  the  loop  slipping  past.  (There  is  now  a  double-stringed 
Y  in  the  centre  of  the  figure,  the  two  arms  being  continued  in  double  strings 
that  loop  downwards  over  the  top  string  to  the  left  and  right  side  strings 
respectively.)  The  figure  resulting  is  RuaumoJco  (Ru  who  causes  earth¬ 
quakes). 

Ru  is  the  central  Y  ;  and  if  the  limb  be  taken  between  forefinger  and 
thumb  and  moved  up  and  down,  Ru,  the  earthquake-god,  is  represented 
shaking  the  earth. 


19.  A  takes  the  top  string  between  the  arms  of  the  Y  and  releases 
the  top  left  corner,  taking  it  up  again  as  the  left  arm  of  the  Y  slips 
to  the  left  side.  The  figure  resulting  is  Te  kumekume. 

20.  A  slips  loop  along  bottom  string  to  the  right,  the  bottom  right 
corner  being  released  as  the  loop  slips  by,  then  held  again.  A  slips 
loop  down  left  side  to  bottom,  the  bottom  left  corner  being  released 
as  the  loop  slips  by.  Draw  taut,  when  a  double  string  extends  ver¬ 
tically  near  the  right  between  the  top  and  bottom  strings,  and  two 
loops  extend  between  this  and  the  right  side  string,  the  lower  loop 
being  half-way  up  the  side.  This  is  the  final  figure  of  Te  ara  pikipiki 
a  Tawhaki. 

The  lower  horizontal  loop  is  Tawhaki  ;  and  when  he  had  climbed  a 
little  higher  he  threw  off  his  clothes  to  reach  rangi  tuatahi,  the  first  heaven. 
Then  he  fell,  his  red  eyes,  or  his  blood,  appearing  upon  earth  in  the  rata- 
blossom. 


— Ruaumoko.  Set  up  by  Rangi-ua  and  his  wife,  Whaare-mutu,  from  whom 
it  was  learned  by  the  author,  who  is  on  the  right. 


Fig.  20. 
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Fra.  21. — Te  humekume.  After  movement  19  of  Te  ara  pikipiki  a  Tawhaki. 


Fig.  22. — Final  figure  of  Te  ara  pikipiki  a  Tawhaki. 
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At  Koriniti  the  following  song  was  obtained  from  an  old  blind  man, 
Heremia.  It  was  sung  during  the  climbing  of  Tawhaki  to  the  first  heaven. 

Piki  ake  Tawliaki  ki  te  rangi  tuatahi, 

Piki  ake  Tawhaki  ki  te  rangi  tuarua, 

E  rongo  te  maha  mai  ra, 

Kia  pikit.ia  ki  te  rangi  tuatoru  ; 

Kihei  man,  kihei  e  eketia  ka  turupou  kei  raro — Pou  ! 
[Translation.] 

Ascend,  Tawhaki,  to  the  first  heaven, 

Ascend,  Tawhaki,  to  the  second  heaven, 

That  the  multitude  may  hear  (?) 

That  the  third  heaven  may  be  reached  ; — 

But  it  was  not  reached,  and  he  swooped  down — Pou  ! 

The  Pou  represents  his  striking  the  earth.  The  song  was  secured  on 
a  dictaphone-cylinder. 


Fig.  23. — Te  pute  kai  a  Tawiri. 

Te  pute  kai  a  Tawiri  (The  Food-basket  of  Tawiri). 

(Sometimes  simply  Te  pute  kai.) 

(From  Whaare-mutu,  a  Tuhoe  woman.) 

For  this  figure  is  needed  a  short  string  doubled,  or  a  long  string 
quadrupled  :  the  description  assumes  that  a  short  string  doubled  is  used. 

1.  Loop  over  forefingers  and  thumbs,  leaving  a  near  double  thumb 
string,  a  far  double  forefinger  string,  and  short  strings  at  the  backs  of 
forefingers  and  thumbs. 

2.  Ring  and  little  fingers  of  left  hand  close  on  palm,  holding  down  all 
strings.  Turn  left  palm  down,  and  between  thumb  and  forefinger  and 
middle  finger  of  left  hand  grasp  the  strings  running  from  left  little  finger  to 
right  forefinger  and  thumb. 
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3.  Close  right  forefinger  and  thumb,  insert  them  from  below  into  the 
left-forefinger-and-thumb  loop — that  is,  insert  them  so  that  thumbs  and 
forefingers  of  both  hands  are  together  and  pointing  in  same  direction. 
Push  the  right  forefinger  and  thumb  under  the  left-forefinger-and-thumb 
loop,  over  the  V  formed  by  the  strings  leaving  the  closed  left  forefinger 
and  thumb,  and  down,  grasping  the  quadruple  string  lying  between  the 
left  forefinger  and  thumb  and  the  left  little  finger,  drawing  this  quadruple 
string  through  the  right-forefinger-and-thumb  loop.  (There  are  now  two 
loops  of  double  strings  over  the  ring  and  little  fingers  of  the  left  hand,  a 
similar  loop  on  the  forefinger  and  another  on  the  thumb  of  the  left  hand, 
and  the  right  forefinger  and  thumb  hold  the  quadruple  string  from  which 
all  these  loops  spring.) 

4.  Transfer  one  of  the  loops  held  by  ring  and  little  fingers  of  left  hand 
to  little  finger,  the  other  to  the  ring-finger.  Work  the  quadruple  string 
held  by  right  forefinger  and  thumb  so  that  the  loops  are  of  approximately 
the  same  size,  release  all  fingers  of  the  left  hand,  and  arrange  the  loops  to 
form  the  sides  of  the  basket. 

Matamata  rare  (?  Karehu). 

(From  Whaare-mutu,  a  Tuhoe  woman.) 

Synonyms  :  Kaheru*  (a  spade)  (Arawa  Tribe  of  Ohinemutu  and  Whaka- 
rewarewa,  and  Ngati-Porou  Tribe)  ;  Tore-o-Toi  (at  Koriniti,  Wanganui 
River). 


Fig.  24. — Matamata  hare,  or  kaheru. 


1.  Opening  A. 

2.  Forefinger  loops  dropped  over  backs  of  hands  to  wrists. 

3.  Thumbs  into  little-finger  loop  from  below  ;  take  on  backs  the  near 
little-finger  string  and  return. 

4.  Middle  fingers  into  lower  thumb  loop  from  below ;  take  on  backs 
the  far  thumb  string  and  return. 

5.  Navaho  thumbs — that  is,  lift  lower  loop  over  top  of  thumb  and 
drop  on  palmar  side — and  release  little  fingers. 

6.  Close  both  hands,  to  hold  all  strings,  turn  hands  downwards  so  that 
wrist  loops  drop  to  palmar  side,  and  extend. 

The  Tuhoe  people  continued  this  figure,  so  as — 

To  trap  Tama  te  Kapua. 

The  four  loops  are  the  four  leashes  in  the  European  figure.  Two 
persons  take  each  two  leashes,  spread  them  right  and  left,  drawing  the  long 

*  Rapalcahetu  was  the  name  of  a  design  used  in  Maori  reed -panel  work,  and  the  name 
is  said  to  be  taken  from  the  whai  name.  See  Te  Rangi  Hiroa,  “Maori  Decorative  Art,” 
Trans.  N.Z.  Inst.,  vol.  53,  p.  461,  and  fig.  11,  p.  463,  1921. 
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loop  that  appears  towards  the  centre.  A  third  person  puts  a  finger  into 
the  loop — that  is,  Tama  te  kapua ;  the  loop  is  drawn  taut — Tama  is  caught. 

Comparison . 

Matamata  hare  may  be  compared  with  “  The  leashing  of  Lochiel’s 
dogs,”  of  which  Mrs.  Jayne  (p.  116)  says  :  “  This  game  is  well  known  in 
Scotland,  Ireland,  and  England.  It  has  been  described  by  the  Rev.  John 
G-ray,  from  the  Island  of  Eriskay,  Outer  Hebrides ;  it  is  also  called 
4  Tying  Dogs’  Feet.’  In  some  parts  of  Ireland  it  is  known  as  4  Duck’s 
Feet.’  It  is  the  same  as  the  Cherokee  Indian  4  Crow’s  Feet.”  .  .  . 

Dr.  W.  H.  Furness  has  found  it  among  the  Kabyles  of  Algeria,  introduced 
from  France  under  the  name  of  4  Cock’s  Feet.’  It  is  known  to  the  Ulungu 
of  Africa  as  Umuzwa  (=  a  Wooden  Spoon).  Roth  gives  a  similar  pattern 
from  Australia  ...  It  closely  resembles  the  4  Two  Hogans  ’  of  the 
Navaho  Indians,  just  before  the  completion  of  that  figure.”  The  method 
given  by  Mrs.  Jayne  is  as  follows  : — 

1.  Opening  A. 

2.  Turn  palm  towards  you,  draw  strings  taut,  close  the  four  fingers 
on  palm  so  as  to  hold  all  strings  but  the  near  thumb  string  ;  slacken 
strings,  and  with  a  jerk  throw  the  near  thumb  string  from  you  so  that  it 
falls  to  the  backs  of  the  hands  ;  allow  it  to  slip  past  the  thumbs  to  the 
wrist. 

3.  Transfer  forefinger  loops  to  thumbs.  [This  movement  is  not  neces¬ 
sary,  and  can  be  omitted  altogether  without  affecting  result.] 

4.  Transfer  loops  from  backs  of  hands  to  middle  fingers. 

5.  Little  fingers  into  middle-finger  loop  from  above,  catch  and  hold 
the  far  middle-finger  string  in  crooks  of  little  fingers,  insert  the  little 
fingers  from  above  into  the  little-finger  loop  ;  take  the  near  little-finger 
string  on  backs  of  little  fingers  and  return  to  position. 

6.  Insert  little  fingers  between  the  two  far  little-finger  strings,  so  that 
the  upper  string  is  on  the  inner  side  of  the  little  fingers,  the  lower  on 
their  backs  ;  straighten  the  little  fingers,  carrying  up  the  lower  far  string 
so  that  it  drops  on  the  near  side  of  the  little  fingers. 

7.  Release  forefingers  (or  thumbs  if  loop  was  transferred  from  fore¬ 
fingers)  and  draw  taut. 

This  differs  from  the  Maori  figure  only  in  the  position  of  the  strings, 
which  are  here  held  on  the  middle  fingers  and  little  fingers  instead  of  on  the 
thumbs  and  middle  fingers. 

Note. — Movements  2,  3,  and  4  may  be  reduced  to  one — viz.,  middle 
fingers  down  into  thumb  loop  from  above  ;  take  on  their  backs  the  near 
thumb  string  and  return,  taking  the  loop  completely  off  the  thumbs. 
Follow  with  movement  5. 

The  Navaho  method,  in  the  44  two  hogans  ”  (hogan  —  tent)  may  be  given 
for  comparison  (Jayne,  pp.  121,  123)  : — 

1.  Opening  A. 

2.  With  the  mouth  take  up  the  four  crossed  strings  from  centre  of 
figure. 

3.  Release  forefingers  and  thumbs. 

4.  Hands  into  little-finger  loop  from  below,  so  that  that  loop  is  round 
wrists. 

5.  Turn  down  palms,  and  insert  little  fingers  from  back  into  long 
hanging  loop,  raise  them,  bring  them  forward  over  the  far  wrist  string, 
keeping  them  well  outside  the  hanging  loop,  whose  end  they  hold.  Insert 

16 — Science. 
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little  fingers  inwards  under  the  two  strings  of  hanging  loop,  and.  raise 
them  to  position. 

6.  Release  all  strings  from  mouth,  and  draw  hands  apart  smartly, 
when  the  leashes  are  caught  round  the  wrists  and  little  fingers.  This 
again  differs  from  the  two  above  only  in  the  position  of  the  strings,  which 
are  here  held  on  the  wrists  and  little  fingers.  % 

7.  The  “  two  hogans  ”  are  produced  simply  by  taking  the  central 
double  string  between  the  teeth,  and  dropping  the  hands  before  you, 
palms  upwards,  Httle-finger  tips  touching,  and  strings  taut. 

Wahine. 

(Another  comparison.) 

The  figure  is  known  as  “  a  butterfly  ”  in  the  Loyalty  Islands.  (Compton, 
pp.  214,  215.) 

1.  Opening  A. 


2.  All  fingers  into  thumb  loops  from  above,  carry  over  near  thumb 
string,  insert  thumbs  under  far  thumb  string,  so  that  the  former  thumb 
loop  becomes  a  wrist  loop. 


Fig.  25. — The  butterfly. 


3.  Thumbs  under  wrist  loop  into  little-finger  loop  from  below,  and 
return  carrying  with  them  far  little-finger  string. 

4.  Release  little  fingers. 

5.  Little  fingers  into  forefinger  loops  from  below,  and  transfer  the  loops 
to  little  fingers. 

6.  Thumbs  into  little-finger  loop  from  below,  take  up  near  little-finger 
string  and  return. 

7.  Forefinger  into  thumb  loop  from  below,  take  up  far  thumb  string 
and  return. 

8.  Release  thumbs  and  little  fingers,  and  extend,  but  do  not  make 
central  figure  ( wahine )  too  small. 

9.  Lay  figure  on  knees  ;  insert  little  fingers  and  thumbs  into  the  former 
wrist  loop  from  above,  pass  them  under  far  string,  then  thumbs  only  into 
former  forefinger  loops  from  below.  Raise  the  figure. 

10.  Hold  thumb  strings  firmly  between  thumbs  and  forefingers,  insert 
forefingers  into  thumb  loop  from  below,  and  take  up  far  thumb  string 
Extend  by  turning  palms  from  you,  still  holding  tightly  the  thumb  strings 
between  thumbs  and  forefingers. 

The  figure  extended  in  the  centre  is  the  butterfly,  and  it  may  be  made 
to  wave  its  wings  by  turning  the  palms  to  and  from  each  other  alternately. 
Compton*  notes  that  it  also  has  a  sexual  significance. 


*  It.  H.  Compton,  loc.  cit,  p.  215. 
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Continuations  of  Waka  a  Tama-rereti. 

1.  Te  Moana  nui  a  Kiwa. 

(By  u  Bella,”  an  Arawa  woman  and  guide  at  Whakarewarewa.) 

Set  up  Waka  a  Tama-rereti.  (See  N.Z.  Jour.  Sci.  &  Tech.,  vol.  3, 
p.’  139.)  A  second  person,  B,  now  takes  the  near  left-forefinger  string 
of  A’s  hand,  and  the  near  left-thumb  string  just  to  the  right  of  the 
crossing  of  the  far  string.  A  releases  his  left  hand,  and  takes  the 
right-hand  strings  corresponding  to  the  ones  taken  by  B.  Draw  strings 
taut  by  separating  the  hands  :  the  resulting  figure  is  Te  moana  nui  a 
Kiwa . 


Fig.  26.— -Te  moana  nui  a  Kiwa  (continuation  of  Waka  a  Tama-rereti). 


I  set  up  this  figure  at  Ohinemuri,  and  it  was  recognized,  but  localized. 
It  was  said  to  represent  seven  lakes,  and  the  mountain  Tarawera  at  one 
comer.  The  seven  largest  lakes,  all  close  to  one  another,  are  Rotorua, 
Rotoiti,  Rotoehu,  Rotoma,  Okataina,  Tarawera,  Rerewhakaitu.  The  blue 
lake,  and  the  green  lake  (Ngakaru),  are  much  smaller,  and  some  miles  to 
the  south  of  the  above,  but  an  old  man  said  the  blue  lake  was  one  of 
the  seven.  Lake  Rotomahana,  immediately  south  of  Lake  Tarawera, 
should  possibly  be  one  of  the  seven  instead  of  Rerewhakaitu ;  for, 
whilst  it  is  much  smaller  than  the  latter,  it  is  much  more  famous,  the 
wonderful  pink  and  white  terraces  once  lending  it  an  attraction,  apart 
from  its  own  thermal  wonders,  greater  than  that  of  anything  else  in  the 
district. 


Fig.  28. — Continuation  of  komore. 

once — then  up  behind  the  top  string  and  down  before  it,  so  that  the  top 
string  is  the  top  string  of  the  small  loop  now  formed.  Turn  palms  up, 
insert  thumbs  into  this  loop,  and  the  rest  of  the  fingers  into  the  big  loop 
formed  by  the  upper  twisted  strings  and  the  bottom  string  of  the  figure, 
the  backs  of  the  hands  being  towards  this  bottom  string. 

2.  A  releases  his  hands,  and  B  draws  strings  taut. 

3.  B  inserts  middle  fingers  into  thumb  loops  from  above,  lifts  the  near 
thumb  strings  on  their  backs  and  turns  palms  away,  spreading  the  fingers.- 


244  The  N.Z.  Journal  of  Science  and  Technology.  [Nov. 


A  further  continuation  of  the  figure  was  learned  : — 


2.  Te  Reinga. 

The  two  parallel  strings  across  the  centre  of  the  figure  are  taken  with 
finger  and  thumb  and  pulled  downwards,  resulting  in  a  deep  well-shaped 
figure.  “  That  is  Te  Reinga,  where  the  spirits  go,”  said  the  Maori. 

In  a  third  continuation  the  strings  are  drawn  upwards  instead  of 
downwards,  representing  te  rangi,  the  sky. 


Fig.  27. — Te  Reinga  (continuation  of  Te  moana  nui  a  Kiwa). 


Continuation  of  Komore,  or  Kainga  Komore. 

(From  “Bella,”  an  Arawa  woman  and  guide  at  Whakare warewa. ) 

This  requires  a  second  person,  B.  A  sets  up  'komore  (the  figure  obtained 
at  Gisborne,  but  not  named  ;  see  N.Z.  Jour.  Sci.  &  Tech.,  vol.  3,  p.  204). 

1.  B  takes  the  lower  left  string  of  the  left  diamond,  and  the  lower  right 
string  of  the  right  diamond,  brings  it  up  behind  the  upper  string  of  the 
diamond,  down  before  it,  and  up  behind  it  again — that  is,  twists  it  round 
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and  dropping  the  thumbs,  but  not  releasing  their  strings,  so  that  they  are 
below  the  bottom  string. 

The  resulting  figure  was  called  paekohu  by  Bella,  but  it  is  different  from 
the  figure  commonly  so  called. 

To  bring  back  komore  : — 

1.  A  inserts  his  thumbs  (hands  held  palms  upwards)  into  the  two  small 
triangles  with  twisted  apex  on  the  left-  and  right-hand  sides  of  the  upper 
part  of  the  figure,  and  the  fingers  into  the  large  loop  below. 

2.  B  releases  his  hands  and  A  draws  strings  taut. 

3-  A  inserts  middle  fingers  into  thumb  loops  from  above,  lifts  the  near 
thumb  string  on  their  backs,  turns  palms  away,  and  spreads  fingers. 

Komore  reappears,  but  held  on  different  fingers  from  those  of  the  original 
figure. 

Comparison. 

A  comparison  of  komore  with  a  figure  from  the  Caroline  Islands  given 
by  Mrs.  Jayne  has  already  been  made  (N.Z.  Jour.  Sci.  &  Tech.,  vol.  3, 
p.  205).  A  further  comparison  may  be  made  with  a  nameless  figure  from 
New  Caledonia  (Compton* *)  : — 

1.  Position  1,  on  left  hand  only. 


Fig.  29. — Komore  produced  from  above  continuation. 


2.  Right  hand  into  hanging  loop  from  below  ;  insert  hooked  forefinger 
behind  palmar  string  from  above,  pull  out  to  full  extent,  and  release 
forefinger. 

3.  Repeat  movement  2,  and  then  place  loose  loop  on  right  hand  in 
position  1. 

4.  Right  forefinger  takes  up  left  palmar  string  as  in  opening  A. 

The  rest  of  the  movements  are  as  in  komore ,  the  only  difference  being 
that  the  movements  made  by  the  right  fingers  in  komore  are  here  made 
with  the  left,  and  vice  versa. 

Continuation  of  Caroline  Islands  “  Catch.” 

In  the  dugong,  from  the  Kiwai  Papuans,  British  New  Guinea  (Landt- 
man,  p.  229), |  there  is  a  most  interesting  continuation  of  the  Caroline  Islands 
“  catch,”  or  Murray  Island  “  kingfish,”  both  of  which  figures  are  the  same 
as  komore,  though  produced  in  a  different  way. 

I.  Set  up  the  “  kingfish  ”  ( N.Z .  Jour.  Sci.  &  Tech.,  vol.  3,  p.  205). 


*  R.  H.  Compton,  loc.  cit. ,  pp.  212,  213. 

*  G.  Landtman,  “  Cat’s  Cradles  of  the  Kiwai  Papuans,  British  New  Guinea,” 
Anthropos,  vol.  9,  pp.  221-32,  1914. 
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2.  Thumbs  into  forefinger  triangles,  press  down  upper  string  of  diamond 
past  the  lower  string  ;  pick  up  this  lower  string  on  backs  of  thumbs,  catch 
the  string  brought  down  on  backs  of  little  fingers,  releasing  the  little-finger 
loops  in  so  doing,  and  carry  it  out  under  the  far  forefinger  string. 

3.  Release  forefingers  and  extend.  (The  three  diamonds  reappear,  but 
extended  between  little  fingers  and  thumbs,  and  with  the  strings  looped  in 
the  centre  instead  of  crossed.) 


Fig.  31. — The  dugong. 

6.  Forefingers  down  past  string  running  from  palmar  string  to  centre 
of  figure  ;  catch  up  the  string  on  inside  of  joint  ;  left  forefinger  over  near 
thumb  string,  and  catching  that  string  on  the  far  side  of  the  forefingers, 
raise  those  fingers  to  their  position,  and  release  thumbs.  (Again  the  three 
diamonds  appear  suspended  between  the  top  and  bottom  strings,  but  now 
the  diamond  on  the  left  is  free.) 

7.  Draw  the  hands  slowly  apart,  and  the  dugong  swims  to  the  right*, 
the  three  diamonds  representing  head,  body,  and  tail. 


Fig.  30. — The  dugong.  After  movement  3. 


4.  Forefingers  down  into  diamonds  on  right  and  left  of  figure,  hook  up 
near  string  of  diamond,  and  bend  forefingers  close  to  palm,  inserting  them 
down  behind  the  palmar  string  close  to  thumb.  Raise  forefingers,  carrying 
up  this  string  on  their  backs,  and  release  thumbs. 

5.  Insert  thumbs  into  forefinger  loop  from  below,  and  transfer  loop  to 
thumbs. 
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8.  Request  a  second  person  to  spear  the  dugong  by  thrusting  the  hand 
through  one  of  the  diamonds.  If  he  thrust  the  spear  through  the  body, 
release  the  right  hand  and  the  dugong  escapes  ;  if  he  thrust  the  spear 
through  head  or  tail,  the  dugong  cannot  escape,  whichever  hand  is  released. 

A  particularly  interesting  fact  was  learned  from  Ruru-hira,  a  Taupo  girl 
living  at  Pipiriki,  The  name  of  the  figure  komore  is  kaia  at  the  various 
Whanganui  villages  visited,  and  Ruru  remarked,  “  The  people  at  Taupo 
call  this  komore ,  but  they  call  it  whai-kaia  here — that  means  ‘  stealing,’ 
or  ‘  the  thief  ’  ;  and  the  thief  gets  caught.”  The  thief  was  caught  by  the 
Caroline  Islands  method,  so  that  komore  is  a  parallel  with  the  Caroline  Islands 
44  catch,”  even  to  the  concluding  movement,  though  the  method  of  setting 
up  differs,  as  has  been  seen. 

TONGA-R  AUREPE . 

(Aporo,  and  H.  Ruru,  men  of  Ngati-Porou,  Gisborne.) 

Synonyms:  Takapau  (Arawa  and  Tuhoe  bribes)  ;  Tara  Kaikape 

(Whanganui  tribes). 

This  figure  was  originally  seen  at  Gisborne,  but  its  working-out  was  not 
then  obtained.  Tonga-raurepe  was  an  ancestor  of  the  Ngati-Porou,  which 
is  probably  the  reason  for  the  name  being  confined  to  them.  The  opening 
was  obtained  at  Rotorua  from  Whaare-mutu,  a  Tuhoe  woman. 

1.  Opening  A. 

2.  Release  thumbs. 

3.  Left  thumb  into  little-finger  loop  from  above  ;  take  on  its  back  far 
little -finger  string  and  return. 

4.  Left  forefinger  into  left-thumb  loop  from  above  ;  take  on  its  back 
near  thumb  string  and  return. 

5.  Right  forefinger  from  above  down  behind  string  extended  between 
left  forefinger  and  thumb,  carry  string  to  the  right,  making  a  half-turn 
away  from  you  and  up  as  the  finger  returns  to  its  position. 

6.  Release  left  thumb. 

7.  Thumbs  into  little-finger  loop  from  below,  &c.,  as  in  method  already 
described  (N.Z.  Jour.  Sci.  &  Tech.,  vol.  3,  p.  142). 

This  figure  is  a  great  favourite  in  all  places  hitherto  visited. 

Wahine,  from  Takapau. 

One  method,  used  in  another  part  of  the  world,  has  already  been 
described  (N.Z.  Jour.  Sci.  &  Tech.,  vol.  3,  p.  147).  The  following  was 
obtained  from  the  Arawa  people  at  Ohmemutu  : — 

A  second  person  inserts  the  forefingers  and  thumbs  of  both  hands 
into  the  upper  and  lower  of  the  triangles  (whose  bases  are  the  upper  and 
lower  strings)  on  either  side  of  the  middle  triangles  of  the  figure  ;  close 
forefingers  and  thumbs,  and  turn  in  through  the  central  diamond,  then 
proceeding  as  in  the  ordinary  method.  Or  the  hands  may  be  drawn 
slowly  apart  on  the  forefingers  and  thumbs  being  inserted  in  the  triangles, 
without  the  preliminary  turning-in. 

A  simpler  method  was  obtained  from  Motiwha,  a  young  Whanganui 
Maori  from  Ohui.  After  movement  6  (p.  143  in  Journal  quoted  above) 
drop  little -finger  loops. 

Comparison. 

Takapau  is  identical  with  a  nameless  figure  from  New  Caledonia  (Comp¬ 
ton,  pp.  218,  219)  in  all  movements  except  movements  3  and  4  above  :  these 
are  reduced  to  one — viz.,  movement  3.  Left  forefinger  down  over  little- 
finger  loop  and  into  little -finger  loop  from  below  ;  hook  up  far  little-finger 
string  and  return. 
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ON  THE  VARIATIONS  IN  SIZE  OF  A  COMET’S  HEAD. 

By  A.  C.  Gifford. 

In  The  Story  of  the  Comets  (p.  8)  G.  F.  Chambers  makes  the  following 
statement : — 

“  Few  things  are  more  remarkable  to  witness,  and  more  paradoxical  to 
explain,  than  the  changes  of  bulk  which  the  head  of  a  comet  generally 
undergoes  in  approaching  to,  or  receding  from,  the  Sun.  One  might  expect, 
reasoning  from  terrestrial  analogy,  that  as  a  comet  approaches  the  Sun  the 
increased  heat  to  which  it  is  submitted  would  expand  its  head,  whereas 
the  effect  observed  is  the  contrary — it  grows  smaller  as  it  grows  hotter. 
And  when  receding  from  the  Sun  the  observed  changes  are  of  a  converse 
character  :  the  comet’s  head  seems  to  expand  as  it  gets  farther  away  and 
grows  cooler.  No  satisfactory  explanation  of  this  anomaly  has  been  given 
unless  it  is  permissible  to  accept  Sir  J.  Herschel’s  idea  that  the  change  of 
bulk  is  due  to  some  part  of  the  cometary  matter  remote  from  the  nucleus 
being  evaporated,  as  it  were,  under  the  influence  of  the  Sun’s  heat,  just 
as  a  morning  mist  is  evaporated  and  disappears  as  the  Sun  rises  in  the 
heavens  and  its  radiant  heat  becomes  more  potent.” 

Similar  statements  are  made  by  Professor  F.  R.  Moulton*  and  Dr. 
W.  W.  Campbell,!  the  former  pointing  out  that  the  jatio  of  the  largest  to 
the  smallest  volume  is  sometimes  as  great  as  100,000  to  1,  and  the  latter 
giving  some  details  with  regard  to  Encke’s  periodic  comet.  All  these 
writers  agree  that  no  satisfactory  explanation  of  the  contraction  and 
expansion  of  the  head  has  yet  been  found.  This  is  rather  surprising,  as  the 
explanation  which  naturally  suggests  itself  is  too  evident  to  have  been 
overlooked,  and,  though  insufficient  by  itself,  appears  to  lead  inevitably  to 
a  more  complete  explanation. 

The  exceedingly  small  mass  and  the  enormous  volume  of  a  comet’s 
head  suggest  that  it  is  of  the  nature  of  a  widely  scattered  meteor-swarm. 
Whilst  the  comet  is  very  far  away  from  the  Sun  the  separate  solid  particles 
are  doubtless  moving  amongst  one  another  like  the  stars  in  a  globular  cluster. 
As  the  comet  approaches  the  Sun  the  velocities  due  to  the  mutual  gravita¬ 
tion  of  the  members  of  the  swarm  are  compounded  with  those  due  to 
solar  attraction,  the  latter  becoming  more  important  as  the  distance  from 
perihelion  diminishes. 

The  path  of  any  particular  meteor  in  the  swarm  will  be  a  complicated 
curve — very  nearly  an  ellipse  of  high  excentricity,  but  differing  from  a  true 
ellipse  somewhat  as  the  path,  of  the  Moon  with  respect  to  the  Sun  does. 
But  at  every  moment,  whilst  some  particles  within  the  swarm  are  moving 
towards  its  centre,  others  are  moving  outwards  to  take  their  places. 
Instead,  therefore,  of  following  individual  particles  throughout  their  orbits, 
we  may  consider  points  related  in  a  definite  way  to  the  centre  of  mass  of 


*  F.  R.  Moulton,  An  Introduction  to  Astronomy,  p.  316,  New  York,  1918. 
t  What  we  know  about  Comets,  Adolfo  Stahl  Lectures  in  Astronomy,  p.  37,  Stanford 
University  Press,  1919. 
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the  swarm.  Such  points  will  trace  out  orbits  nearly  parallel  to  one  another 
but  converging  towards  perihelion. 

As  the  swarm  passes  round  the  Sun  the  separate  meteorites  composing  it 
crowd  together,  much  as  a  large  field  of  runners  becomes  congested  whilst 
turning  a  sharp  corner  (fig.  1). 

If  all  the  orbits  are  of  the  same  excentricity,  with  the  Sun  in  one  focus 
and  the  major  axes  in  the  same  straight  line,  the  radial  separation  of  any 
two  orbits  in  any  direction  is  proportional  to  their  distance  in  that  direc¬ 


tion  from  the  Sun.  Thus  if 


—  =  1  -j-  e  cos  6  and  —  =  1  +  e  cos  0  are 
r  r 


the  polar  equations  of  two  such  orbits,  and  r  i,  r2  the  distances  from  the 


Sun  at  which  any  radial  line  cuts  these  orbits, 


.  n  —  r2 

r2 


h 


=  a  constant. 


h 

r2 


That  is,  if  we  neglect  the  mutual  gravitation  of  its  members,  the  diameter 
of  the  swarm  is  proportional  to  its  distance  from  the  Sun,  and  in  particular 
the  diameter  of  the  swarm  at  perihelion  is  to  that  at  aphelion  as  the 
perihelion  distance  is  to  the  aphelion  distance  ;  that  is,  AB  :  CD  :  :  SB  :  SC. 

But  it  is  clear  that  in  the  case  of  an  ordinary  comet  we  cannot  neglect 
the  mutual  attractions  of  the  meteorites  ;  for,  if  we  could  do  so,  since  the 
orbits  have  slightly  different  major  axes,  the  periods  of  revolution  of  the 
particles  would  differ  slightly,  and  the  materials  of  the  head  would  gradu¬ 
ally  be  spread  out  around  the  orbit.  This  tendency  is  counteracted  by 
the  fact  that  at  every  point  those  meteorites  winch  are  farthest,  from  the 
Sun  are  moving  inwards  through  the  swarm,  and  vice  versa.  The  different 
particles  are  continually  interchanging  orbits,  and  this  fact  may  enable 
the  comet  to  escape  for  a  long  period  the  fate,  which  must  ultimately 
overtake  it,  of  being  stretched  out  to  such  an  extent  that  its  identity  is 
lost. 

Furthermore,  the  diminution  of  diameter  so  far  accounted  for  is  much 
less  than  that  actually  observed.  For  instance,  in  the  case  of  Encke’s 
Comet  the  perihelion  distance  is  to  the  aphelion  distance  as  0*34  :  4*08 — 
that  is,  at  1  :  12.  We  might  expect  the  perihelion  diameter  to  be  one- 
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twelfth  of  the  aphelion  diameter.  The  observed  diminution  of  diameter  is 
enormously  greater  than  this. 

It  is  necessary,  therefore,  to  seek  a  further  cause,  and  this  is  found  in 
the  mutual  attractions  of  the  separate  meteorites  which  compose  the  head . 
The  effect  of  these  attractions  depends  very  largely  on  the  distribution  of 
density  within  the  swarm,  but  it  usually  consists  of  a  further  diminution  of 
volume  between  aphelion  and  perihelion  and  a  corresponding  increase  in 
the  other  half  of  the  orbit. 

To  get  a  rough  idea  of  the  magnitude  of  the  effect  of  mutual  attractions 
in  altering  the  diameter  of  a  swarm  let  us  consider  some  of  the  simplest 
cases. 


Consider  first  a  swarm  of  uniform  density.  Fix  attention  on  a  particle 
passing  from  the  point  A  on  the  outside  boundary  of  the  swarm  towards 
the  centre  0  (fig.  2).  At  any  point  P  it  is  attracted  by  the  mass  contained 
within  the  sphere  passing  through  P 
and  concentric  with  the  cluster.  This 
mass  is  proportional  to  x3,  if  OP  =  x. 

The  force  acting  on  the  particle  is  pro¬ 


portional  to  X' 


X  -  «  —  that 
xz 


is,  to  x. 


Its  motion  is  therefore  simple  harmonic 
motion. 

Other  particles  may  be  describing 
orbits  approximately  elliptical  with  dif¬ 
ferent  excentricities,  the  limiting  case 
being  that  of  a  circular  orbit  with 
radius  equal  to  that  of  the  swarm. 

If  v  be  the  maximum  velocity  in  the 
case  of  the  simple  harmonic  motion 
— that  is,  the  velocity  when  at  the 
centre  0 — the  acceleration  a  directed 


towards  the  centre  when 


the 
v2 

particle  is  at  the  extreme  distance  OA  =  r  is  given  by  the  formula  a  =  —  ; 

T 

V2 

.*.  r  —  — . 

a 


That  is,  for  any  definite  velocity  at  the  centre  of  the  swarm  the  amplitude 
of  vibration  is  inversely  proportional  to  the  acceleration,  and  therefore 
inversely  proportional  to  the  attraction. 

Now,  suppose  that,  owing  to  the  convergence  of  the  orbits,  the  distances 
between  the  particles  are  all  reduced  to  half  their  former  values.  The 
mass  crowded  into  any  sphere  within  the  cluster  is  eight  times  what  it 
was  before.  A  particle  passing  through  the  centre  with  the  original  velocity 
will  only  be  able  to  get  to  one-eighth  of  the  original  distance  from  the 
centre.  This  suggests  that  in  such  a  comet’s  head  the  diameter  will  be 
directly  proportional  to  the  cube  of  the  distance.  The  measurements  given 
by  Chambers  on  page  242  of  The  Story  of  the  Comets  of  the  diameter  of 
Encke’s  Comet  in  1838  suggest  that  the  diameter  was  approximately 
proportional  to  the  cube  of  the  distance  (see  fig.  3,  in  which  the  recorded 
values  are  indicated  by  crosses). 

These  results  must  be  greatly  modified  if  the  density  within  the  swarm 
is  distributed  differently.  Thus  if  the  density  at  any  point  is  inversely 
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proportional  to  the  distance  from  the  centre,  the  diameter  of  the  head, 
instead  of  varying  directly  as  the  cube  of  the  distance  from  the  Sun,  would 
vary  approximately  as  the  square  of  that  distance.  As  the  central  con¬ 
densation  increases  the  effectiveness  of  the  mutual  attractions  in  causing 
diminution  of  volume  diminishes.  When  the  density  at  every  point  is 
inversely  proportional  to  the  square  of  the  distance  of  the  point  from  the 
centre,  the  mutual  attraction  of  the  particles  is  unable  to  produce  any 
further  condensation,  and  the  diameter  is  proportional  to  the  distance  from 
the  Sun.  If  the  central  condensation  is  greater  than  this  the  energy  within 
the  swarm  prevents  the  con¬ 
vergence  of  the  orbits  from 
having  its  full  effect,  and  the 

diminution  of  volume  is  less 
* 

than  it  would  be  if  each 
particle  described  an  unper¬ 
turbed  orbit  round  the  Sun. 

If,  on  the  other  hand,  the 
density  were  to  increase  out¬ 
wards,  as  in  a  planetary 
nebula,  the  variation  in 
volume  would  be  more  sur¬ 
prising  than  it  usually  is. 

For  example,  if  the  density 
at  any  point  within  the  swarm 
were  directly  proportional  to 
its  distance  from  the  centre, 
the  diameter  of  the  swarm 
would  vary  approximately  as 
the  fourth  power  of  the  dis¬ 
tance  ;  and  so  on. 

Thus  we  see  that  the 
effectiveness  of  gravitation  in 
reducing  the  diameter  of  a 
comet’s  head  is  greater  the 
higher  the  density  towards 
the  outside  of  the  swarm  and 
diminishes  steadily  as  the 
central  condensation  is  in¬ 
creased.  Comets’  heads  in 
which  the  nucleus  is  strongly 
marked  should  not  show  such 
marked  changes  of  volume  as 
those  in  which  the  matter  is 
more  evenly  distributed,  and 
observations  of  the  changes  in  diameter  of  the  heads  of  different  comets 
should  give  us  information  as  to  the  distribution  of  density  within 
them. 

Effect  of  Differences  in  Period  of  Revolution  for  Different  Particles. — To 
find  the  probable  effect  of  the  different  periods  of  revolution  of  different 
particles  in  the  swarm  let  us  take  once  more  Encke’s  Comet  as  an  illustra¬ 
tion.  Its  greatest  distance  is  4-08  astronomical  units  ;  and  its  least  distance 
0-34  astronomical  units  ;  so  its  major  axis  is  4-42  astronomical  units,  or 


Fig.  3. 

The  point  x  =  F42,  y  =  281,  outside  the 
limits  of  the  diagram,  comes  above  the  curve, 
y  —  226,  corresponding  to  x  =  142. 
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411  million  miles.  If  its  greatest  diameter  at  aphelion  were  1,000,000 
miles,  and  if  T1  and  T2  were  the  periods  of  two  extreme  particles,  then 
T]  /412\! 

T2 

t2  -  t2 

-±-z= —  =  -00365. 


=  Un7  =  1-00365. 


Taking  T2  as  3-29  years,  Ta  —  T2  =  4-38  days. 

If,  then,  the  orbits  were  of  the  same  excentricity,  and  if  there  were  no 
mutual  attractions  between  the  particles,  those  starting  simultaneously  at 
aphelion  from  opposite  ends  of  that  diameter  of  the  swarm  which  when 
produced  passes  through  the  Sun  would  reach  perihelion  2-19  days  apart. 

To  see  whether  this  could  result  in  spreading  the  comet  out  along  its 
orbit  we  must  find  the  period  of  oscillation  of  a  particle  in  the  swarm. 

When  a  particle  is  moving  with  simple  harmonic  motion  its  acceleration 
is  u)2r,  where  r  is  the  amplitude  of  vibration  and  u>  the  angular  velocity 
of  the  corresponding  point  moving  uniformly  in  a  circle.  The  period  of 
complete  oscillation 

277 •  - — 

=  — —  2tt  vr/a. 
to 


Now,  if  M  is  the  total  mass,  and  r  the  radius  of  a  meteor-swarm  of  uniform 
density,  G  being  the  constant  of  gravitation  =  6-658  X  10-8, 


MG 


The  period  of  oscillation  of  a  particle  through  it  =  27r  ^  (r  3  /MG).  That 
is,  the  period  varies  as  \/(r3 /M). 

Taking  first  the  case  of  an  imaginary  particle  oscillating  in  a  tube 
through  the  centre  of  the  Earth,  its  period  is 


2/r-  Vr/g. 

Taking  r  —  6-367  X  108  cm.,  g  —  980,  the  period  =  84-41  minutes 
=  -0586  day  =  -00016  year.  If  the  mass  of  the  meteor-swarm  is  Touoo 
of  that  of  the  Earth,  and  its  radius  100  times  as  great,  the  period  will  be 
increased  105  times,  and  will  be  about  16  years.  If,  however,  the  diameter 
of  the  swarm  is  reduced  to  that  of  the  Earth  the  period  will  be  reduced  to 
•016  year. 


It  seems,  then,  that  the  oscillations  within  the  swarm  take  place  rapidly 
enough  in  this  case  to  prevent  the  orbital  spreading  of  the  materials. 

The  Physical  State  of  the  Material  of  a  Comet's  Head. — The  fact  that 
the  head  of  a  comet  expands  again  as  it  passes  away  from  the  Sun  appears 
to  prove  that  it  is  not  completely  vaporized  even  at  perihelion.  If  it  were 
reduced  to  a  single  uniform  vaporous  mass  it  is  difficult  to  see  how  it 
-could  regain  the  characteristic  properties  of  a  comet,  which  appear  to  be 
those  of  a  swarm  of  very  small,  widely  separated,  solid  particles.  It  is 
important,  therefore,  to  inquire  as  to  the  amount  of  radiant  energy  received 
by  a  comet  during  different  stages  of  its  journey  round  the  Sun. 

The  time  required  to  pass  over  unit  distance  when  at  a  distance  of 
x  units  from  the  Sun  =  A/  The  heat  received  per  second  by  radiation 


*  N.Z.  Jova\  Sci.  &  Tech.,  vol.  3,  p.  36,  1920. 
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at  this  distance  is  inversely  proportional  to  the  square  of  the  distance. 
Therefore  the  heat  received  in  passing  over  unit  distance  at  a  distance  x 

from?  the  Sun  is  proportional  to  xy'x2 — that  is,  to  x~ Therefore  the 
total  heat  received  in  passing  outwards  from  a  distance  to  a  distance 

=  fkx~?‘dx  =  k  I"" — 2x~^  +  cV2  =  2 k(-= - tq . 

L  Jrj  \Vr,  VrJ 

That  is,  the  total  heat  received  whilst  going  from  a  distance  r  to  an  infinite 
distance,  or  in  coming  from  an  infinite  distance  to  a  distance  r,  is  propor¬ 
tional  to  1/r^ 

For  example,  let  us  compare  the  quantity  of  heat  received  by  Encke’s 
Comet  whilst  passing  between  its  perihelion  distance  and  the  orbit  of  the 
Earth  with  that  recevied  by  it  during  its  journey  from  the  distance  of  the 
Earth’s  orbit  to  aphelion.  Taking  its  nearest  distance  from  the  Sun  as 
0*36  astronomical  unit  approximately,  and  its  greatest  distance  as  4  astro 
nomical  units,  we  have,  denoting  the  two  quantities  by  H:  and  H2, 


Ht  v\  a 

jTITX  ~~  1  -i  ~ " 

VI  v'i 


That  is,  the  heat  received  by  the  comet  from  the  Sun  whilst  within  the 
distance  equal  to  the  radius  of  the  Earth’s  orbit  only  exceeds  by  one-third 
that  received  whilst  beyond  that  distance. 

Of  course,  the  rate  at  which  heat  is  received  by  the  comet  when  at  peri¬ 
helion  is  about  nine  times  as  great  as  when  its  distance  from  the  Sun  is 
one  astronomical  unit,  whilst  at  aphelion  the  rate  is  only  one-sixteenth 
part  of  the  latter.  But  the  radiation  falls  on  one  side  only  of  each  meteorite, 
and  although  profound  effects  are  produced  in  the  outer  layers,  the  main 
portion  of  each  meteorite  appears  to  be  little  affected. 

We  thus  reach  the  following  tentative  conclusions  : — 

(1.)  That  the  primary  cause  of  the  diminution  in  size  of  a  comet’s  head 
as  it  approaches  the  Sun  is  the  convergence  towards  perihelion 
of  the  orbits  of  the  meteorites  of  which  it  is  composed. 

(2.)  That  the  diminution  thus  brought  about  allows  the  mutual  attrac¬ 
tion  of  the  particles  to  reduce  still  further  the  space  occupied  by 
the  swarm. 

(3.)  That  the  diminution  caused  by  gravitation  is  a  function  of  the 
distribution  of  density  within  the  swarm,  and  is  less  the  greater 
the  condensation  of  the  materials  of  the  swarm  towards  its  centre. 

(4.)  That  observations  of  changes  in  diameter  will  afford  a  clue  to  the 
distribution  of  density  in  the  head  of  any  comet. 

(5.)  That  the  rate  of  oscillation  of  the  particles  of  the  swarm  is  probably, 
in  the  case  of  most  periodic  comets,  sufficiently  rapid  to  prevent 
or  retard  the  spreading  of  the  materials  of  the  head  along  the 
orbit,  which  the  difference  of  the  periods  of  revolution  round  the 
Sun  of  the  separate  meteorites  would  otherwise  lead  to. 

(6.)  That  comets’  heads  are  not  completely  vaporized  even  at  perihelion. 
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THE  STATUS  OF  AREAL  GEOLOGICAL  MAPPING  IN 

NEW  ZEALAND. 

By  P.  G.  Morgan. 

The  first  noteworthy  geological  maps  of  any  portion  of  New  Zealand  were 
those  prepared  by  F.  von  Hochstetter  and  Julius  von  Haast  over  sixty 
years  ago.  One  of  these  maps  (north-western  part  of  South  Island)  was 
published  in  1861  with  von  Haast’s  Report  of  a  Topographical  ' and  Geolo¬ 
gical  Exploration  of  the  Western  Districts  of  the  Nelson  Province.  Hoch- 
stetter  and  Petermann’s  Geological  and  Topographical  Atlas  of  New  Zealand , 
published  soon  after  (German  edition,  Gotha,  1863  ;  New  Zealand  edition, 
Auckland,  1864 :  see  also  Report  of  “  Novara  ”  Expedition — Geology ),  contains 
a  small-scale  map  of  part  of  Auckland  Province,  larger-scale  maps  of  Auck¬ 
land  Isthmus,  of  the  Kawhia-Raglan  district,  and  of  the  neighbourhood  of 
Lake  Rotomahana,  together  with  the  above-mentioned  map  of  the  Nelson 
Province. 

Soon  after  Hochstetter’s  visit  to  New  Zealand  several  of  the  Provincial 
Governments*  (which  at  that  time  had  considerable  powers  independently 
of  the  main  Government  and  Legislature)  instituted  geological  surveys. 
The  early  provincial  geologists  were  Mr.  J.  C.  Crawford  (Wellington),  Dr. 
Julius  von  Haast  (Canterbury),  and  Dr.  James  Hector  (Otago).  Mr.  A.  D. 
Triphook  possibly  held  a  similar  position  in  Hawke’s  Bay,  but  no  official 
record  of  his  work  has  been  found  by  the  writer.  During  the  “  seventies  ” 
Captain  F.  W.  Hutton  was  Provincial  Geologist  in  Otago  for  two  or  three 
years.  The  only  notable  maps  published  by  the  provincial  geologists  were 
Hutton’s  map  of  Otago  (1875),  and  von  Haast’s  map  of  Canterbury  and 
Westland  (1879),  both  on  a  very  small  scale. 

Much  of  the  work  done  by  the  provincial  surveys  was  incorporated  in 
maps  published  by  the  Geological  Survey  of  New  Zealand,  which  began 
its  existence  in  1865  with  Dr.  (Sir)  James  Hector  as  Director.  In  1869 
and  again  in  1873  Hector  published  sketch  geological  maps  of  New  Zealand 
on  scales  which,  as  measured  on  actual  examples  of  the  maps,  were  approxi¬ 
mately  1  :  2,319,000  and  1  :  2,015,000,  or  36-6  and  31-8  miles  respectively 
to  the  inch.'j*  In  1884  and  again  in  1886  Hector  published  a  geological 
map  of  New  Zealand  on  a  still  smaller  scale  than  those  of  1869  and  1873. 
It  is  not  necessary  here  to  do  more  than  mention  the  small-scale  maps 
published  by  Professor  James  Park  in  1910  and  Dr.  P.  Marshall  in  1912. 

During  the  period  1865  to  1894  the  Geological  Survey  published  with 
the  reports  of  its  various  officers  a  great  number  of  sketch-maps  varying 
indefinitely  in  scale,  detail,  and  quality.  In  those  comparatively  early 
days  few  topographical  maps  even  of  moderately  good  quality  were  avail¬ 
able,  and  much  of  the  country  was  covered  by  forest,  while  present-day 


*  The  Provincial  Governments,  and  with  them  the  “  provinces  ”  or  “  provincial 
districts,”  were  abolished  in  1877.  Though  they  no  longer  represent  political  divisions, 
the  names  of  the  old  provincial  districts  are  still  commonly  used. 

f  The  1873  map  professes  to  be  on  the  scale  of  1 : 2,000,000,  erroneously  stated  to 
be  equivalent  to  33'31  miles  to  the  inch. 
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roads  and  railways  were  mostly  unmade  or  still  in  the  making.  Hence 
Hector  and  his  staff  worked  under  great  difficulties,  and  as  a  rule  did  not 
attempt  to  produce  highly  detailed  geological  maps.  Some  creditable 
manuscript  maps  were  spoiled  by  being  published  on  too  small  a  scale. 
Worthy  of  mention,  however,  are  some  excellent  topographical  maps  of 
the  Buffer  Coalfield  (showing  coal-outcrops)  which  were  published  in  1877. 
These  were  drawn  by  A.  Koch  from  surveys  made  by  W.  M.  Cooper. 

In  1893  and  various  succeeding  years  geological  maps  of  various  parts 
of  New  Zealand,  prepared  by  Alex.  McKay  to  illustrate  his  reports,  were 
published  by  the  Mines  Department.  Nearly  all  these  maps  are  on  a  small 
scale,  and  very  sketchy  in  detail,  but  have  nevertheless  been  of  use  to 
students  of  New  Zealand  geology.  In  1897  McKay  and  Park  published 
independent  geological  maps  of  the  Hauraki  Goldfield  (Auckland),  which 
were  useful  in  illustrating  the  views  of  the  two  geologists,  but  neither  map 
can  lay  claim  to  any  great  degree  of  accuracy. 

Besides  the  maps  already  indicated,  many  minor  geological  maps  of 
portions  of  New  Zealand  have  been  published  in  connection  with  papers 
on  the  geology  of  this  country.  Some  of  these  will  be  found  in  the  Trans¬ 
actions  of  the  New  Zealand  Institute. 

So  far  as  reconnaissance  surveys  are  concerned,  one  may  say  that  the 
whole  of  New  Zealand  is  covered  by  the  various  maps  already  referred  to. 
In  some  cases  the  same  area  has  been  repeatedly  mapped,  but  without  any 
great  gain  to  general  knowledge.  The  wasting  of  energy  in  this  way  is  to 
be  deplored,  but,  as  a  rule,  where  one  perfunctory  examination  succeeds 
another  it  is  not  the  fault  of  the  geologist,  but  of  circumstances  beyond 
his  control.  Not  until  1905,  when  Dr.  J.  M.  Bell  was  appointed  Director 
of  the  Geological  Survey  in  succession  to  Sir  James  Hector,  were  system¬ 
atic  surveys  instituted  with  a  view  of  producing  detailed  geological  maps 
of  all  New  Zealand.  Dr.  Bell  in  1906  stated  his  plan  as  follows  : — 

“  The  reorganized  Geological  Survey  Department  has  outlined  a  scheme 
for  the  preparation  of  a  detailed  topographical  and  geological  map  of  New 
Zealand.  For  this  purpose  the  country  has  been  cut  up  into  divisions, 
each  one  of  which  is  supposed  to  represent  a  problem  of  especial  interest, 
or  several  such  problems  which  can  be  conveniently  grouped  together. 
For  example,  the  Hauraki  Division  is  of  note  chiefly  on  account  of  its 
containing  the  richest  quartz-mining  fields  of  the  colony  ;  the  Karamea 
Division  contains  the  immense  iron-ore  deposits  occurring  near  Parapara  ; 
the  Westland  Division  is  of  marked  interest  because  of  its  richly  auriferous 
gravels,  and  of  the  veins  and  rock-masses  from  which  they  were  derived  ; 
the  Rotorua  Division  contains  the  chief  manifestations  of  the  remarkable 
thermal  phenomena  for  which  New  Zealand  is  justly  famed ;  and  so  on. 
Each  division  contains  a  number  of  survey  districts  corresponding  in 
boundary  with  those  of  the  Lands  and  Survey  Department.  Several  survey 
districts  which  can  be  conveniently  grouped  together  to  give  a  continuous 
section  of  country  comprise  a  subdivision.  It  is  intended  to  prepare  fuff 
reports,  accompanied  by  geological  and  topographical  maps,  on  each  sub¬ 
division  as  soon  as  the  necessary  field-work  in  each  case  is  completed,  and 
to  issue  them  to  the  public  without  delay  at  an  almost  nominal  price.  In 
carrying  out  the  field-work  a  good  topographical  map  is  the  first  requisite, 
and  on  it,  as  a  basis,  the  geological  work  is  placed.  The  whole  area  which 
is  being  investigated  is  most  carefully  examined,  the  various  creeks  are 
ascended,  and  the  spurs  and  ridges  followed  in  mountainous  country. 
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Every  phase  of  geological  science  is  given  attention — the  palaeontologic, 
petrographic,  structural,  physiographic,  and  economic.  However,  especial 
stress  is  laid  upon  the  economic  side  of  geology,  which  relates  to  the  occur¬ 
rence  of  minerals  of  commercial  value,  and  has  a  direct  bearing  upon  the 
mining  industry,  the  development  of  which  is  so  important  in  any  new 
country.” 

It  may  be  noted  that  a  manuscript  map  still  in  existence  shows  that 
Sir  James  Hector  in  the  early  days  of  his  directorate  intended  to  make  a 
complete  geological  survey  of  New  Zealand  on  a  basis  similar  to  that  out¬ 
lined  by  Dr.  Bell,  but  the  difficulties  already  mentioned  and  other  circum¬ 
stances  prevented  the  plan  from  being  carried  out  to  any  great  extent, 
though  the  Buller  Coalfield  was  evidently  executed  in  accordance  with  it. 

The  scheme  of  geological  survey  instituted  by  Dr.  Bell  has  been  followed 
to  the  present  time,  and  a  number  of  bulletins  accompanied  by  areal  maps 
on  the  scale  of  1  inch  to  the  mile  (1  :  63,360)  have  been  published.  In  one 
case  (Tuapeka  District — Bulletin  No.  19)  the  geological  map  is  on  the  smaller 
scale  of  2  inches  to  the  mile  (1  :  126,720).  Besides  the  geological  maps 
many  topographical  maps,  usually  on  the  1  :  63,360  scale,  together  with 
various  large-scale  maps  of  special  mineral  areas,  have  been  issued.  The 
state  of  the  survey  as  at  the  30th  June,  1921,  may  be  summarized  as 
follows  : — 


Areas  in  which  surveys  are  completed  and  work  pub-  Sq.  m. 

lished  on  the  1  :  63,360  scale  .  .  . .  . .  8 , 803 

Area  in  which  survey  is  completed  and  work  published 

on  the  1  :  126,720  scale  . .  . .  . .  325 

Areas  in  which  surveys  are  completed,  but  work  is  not 

yet  published  . .  . .  . .  . .  5,327 

Areas  in  which  survey  is  in  progress  .  .  .  .  677 

Area  (Heaphy)  in  which  work  is  suspended  . .  . .  293 


Sq.  km. 
22,7984 

841-7 

13,796-1 

1,753-3 

758-8 


Totals 


15,425  39,948-3 


Area  resurveyed  (Whatatutu)  . .  .  .  . .  312  809-3 

The  total  area  of  New  Zealand  proper  ( i.e .,  excluding  the  Cook  and 
other  islands  annexed  in  1901)  is  103,581  square  miles,*  equal  to  268,258-7 
square  kilometres.  Hence  somewhat  over  one-seventh  of  the  Dominion  has 
been  or  is  being  geologically  surveyed  in  detail.  Much  more  than  one- 
seventh  of  the  work  required  to  make  a  complete  geological  map  answering 
to  the  requirements  of  the  present  day  has  been  done,  because  of  the 
foundation  afforded  by  the  early  reconnaissance  surveys,  and  the  fact  that 
most  of  the  country  remaining  to  be  surveyed  is  less  difficult  than  the 
average  of  that  already  mapped.  In  order,  however,  that  this  statement 
may  remain  true  the  present  survey  must  be  completed  during  the  present 
generation,  otherwise  the  progress  of  geological  science  will  render  the  work 
already  accomplished  partly  obsolete  before  the  detailed  survey  now  in 
hand  has  reached  every  part  of  the  country. 


*  New  Zealand  Official  Year-book,  1919,  p.  1. 
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A  NEW  TORTRICID  MOTH. 

By  Morris  N.  Watt,  F.E.S. 

Harmologa  polypodii  n.  sp. 

$  14  mm.  Head,  and  thorax  iron  blue ;  the  posterior  portion  of  the 
thoracic  crest  with  a  bunch  of  white  scales.  Antennae  about  J,  brownish, 
alternate  pale  and  dark  rings.  Palpi  dark  brown  above,  lighter  below, 
iron  blue  at  the  tips.  Abdomen  dark  brown.  Legs  dark  brown  above, 
lighter  beneath  ;  tarsus  annulated  with  broad  dark  and  narrower  pale 
brown  rings.  Forewings  broad,  costa  moderately  arched,  apex  rounded, 
termen  oblique  and  slightly  rounded  ;  ground-colour  light  brown,  becoming 
somewhat  pinkish  in  the  posterior  half  ;  a  broad  costal  streak  of  iron  blue 
from  base  to  f,  interrupted  by  four  or  five  narrow,  outwardly  oblique, 
somewhat  wedge-shaped,  alternately  short  and  long  black  bars  with 
their  broader  ends  against  the  costa  ;  a  broad ,  outwardly  oblique,  apical 
bar  of  dull-reddish  from  costa  at  §  to  termen  at  along  the  inner  border 
of  its  costal  J  is  a  narrow  diffuse  line  of  blue  scales,  and  on  its  outer 
border  at  costa  is  a  minute  spot  of  blue,  the  terminal  third  of  this  bar  is 
practically  obscured  or  replaced  by  black  scales,  these  extending  dorsally 
along  termen  for  a  short  distance ;  the  apical  portion  of  the  wing  cut  off 
by  the  apical  bar  contains  several  obscure  spots  of  light  yellowish-brown 
along  costa,  and  in  the  angle  between  the  termen  and  the  apical  bar  are  a 
few  scattered  blue  scales  surrounding  a  small  spot  of  black  ;  from  the  outer 
end  of  the  blue  costal  bar  is  an  indefinite,  outwardly  convex  fascia  of 
yellowish-brown  reaching  dorsum  at  f ,  this  fascia  is  interrupted  about 
the  centre  of  the  wing  and  below  this  is  expanded  considerably  to  form  a 
somewhat  irregular  triangular  area  enclosing  a  small  round  spot  of  light 
ground-colour,  there  are  a  few  scattered  blue  scales  to  its  outer  side  at  the 
costa,  and  about  midway  in  the  interval  between  it  and  the  apical  bar  is  a 
short  narrow,  outwardly  oblique,  costal  line  of  yellowish-brown  ;  the  dorsum 
is  occupied  by  a  series  of  four  or  five  short  bars  or  spots  of  yellowish-brown  ; 
the  area  between  the  black  terminal  part  of  the  apical  bar  and  the  expanded 
area  of  the  central  fascia  is  chiefly  occupied  by  blue  scales,  a  small  area  of 
black  scales  interrupting  these  about  the  middle,  and  a  thin  fascia  of  light 
yellowish-brown  extending  between  this  and  the  apical  bar,  another  small 
black  spot  at  tornus ;  a  distinct  blue  cilial  line ;  cilia  grey,  darker  at  their 
tips  and  interrupted  at  intervals  with  brown.  Hind-wings  pale  brown, 
densely  irrorated  with  dark-brown  scales ;  cilia  grey-brown,  a  broad  dark- 
grey  cilial  line,  tips  of  cilia  light  brown. 

d  12  mm.  Forewings,  ground-colour  dark  greyish-blue  ;  a  narrow  black 
costal  streak  from  base  to  about  \  and  giving  off  five  or  six  narrow,  short, 
outwardly  oblique  black  bars  ;  similar  outwardly  oblique  black  bars  spring 
from  the  dorsum  and  tend  to  coalesce  with  those  from  the  costa,  the  fourth 
almost  invariably  doing  so  and  thus  forming  a  narrow,  transverse,  out¬ 
wardly  convex  fascia  across  wing  a  little  anterior  to  J  ;  a  small  light-brown¬ 
ish  spot  on  costa  at  with  a  dark-brown  centre  and  a  few  black  scales  ; 
an  irregular,  broad,  outwardly  oblique,  apical  bar  of  black  from  costa  at  f , 
where  it  is  expanded  to  enclose  a  small  spot  of  blue,  to  termen  a  little 
above  its  outer  border  more  or  less  lined  with  blue  scales  most  numerous 
towards  termen;  a  series  of  small  black  spots  along  termen  in  its  dorsal  §  ; 

17 — Science. 
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apical  area  pale  flesh-coloured,  containing  two  small  black  costal  spots 
from  which  arise  two  narrow,  outwardly  oblique,  short  bars  of  yellowish- 
brown  ;  a  series  of  four  or  five  small  whitish  spots  along  dorsum,  the 
largest  close  to  base  of  wing,  this  with  its  fellow  on  the  opposite  wing 
anastomasing  with  the  thoracic  spot  when  the  wings  are  folded  in  the  rest¬ 
ing  position  ;  blue  cilial  line  ;  cilia  dark  grey,  intermingled  with  a  few  light 
brown.  Hind- wings  light  brown,  densely  irrorated  with  darker  brown 
scales ;  dark  grey-brown  cilial  line  ;  cilia  light  grey-brown. 

Type  in  the  author’s  private  collection. 

The  life-history  of  this  elegant  little  moth  will  shortly  be  published. 
The  colouring  is  a  most  perfect  example  of  protective  marking.  Food- 
plant,  Poly  podium  serpens ,  in  the  leaves  of  which  the  larva  mines. 

Habitat :  Wellington,  Wanganui,  in  October  and  November. 


NOTE  ON  THE  PORT  WAIKATO  MESOZOIC  FLORA. 

By  J.  A.  Bartrum,  Auckland  University  College. 

A  few  years  ago  I  sent  a  collection  of  fossil  plants  from  the  Port 
Waikato  Mesozoic  beds  to  the  late  Dr.  E.  A.  Newell  Arber,  but  his  death 
occurred  before  he  was  able  to  examine  them.  The  specimens  were  then 
forwarded  by  Mrs.  Arber  to  Professor  A.  C.  Seward,  who  has  been  so  good 
as  to  report  upon  them  in  a  recent  letter. 

Besides  certain  other  species  reported  by  Arber,*  Professor  Seward 
identifies  the  following  plants  not  previously  known  from  Port  Waikato  : — 

(1.)  Araucarites  cutchensis  Feist. 

(2.)  Coniopteris  hymenophylloides  (Brong.). 

(3.)  ?  Stachyotaxus  cf.  S.  elegans  Nath. 

(4.)  Elatocladus  plana  (Feist.).  (May  be  identical  with  Elatocladus 
sp.  of  Arber,  pi.  xiii,  fig.  9.) 

Amongst  the  plants  forwarded  was  a  specimen  labelled  in  Professor 
A.  P.  W.  Thomas’s  handwriting  as  Asplenium  palaeopteris  (Ung.).  This 
is  regarded  by  Professor  Seward  as  probably  the  same  as  Coniopteris 
hymenophylloides  (Brong.). 

With  the  exception  of  the  “  Asplenium ,”  the  fossils  were  all  collected 
by  Rev.  Brother  Fergus,  of  Sacred  Heart  College,  and  myself,  from  plant- 
beds  at  the  coast  near  the  mouth  of  Huriwai  Stream,  about  five  miles  south 
of  Port  Waikato. 

Professor  Seward  remarks  in  his  letter  to  me  :  •“  Perhaps  the  most 
interesting  is  Elatocladus  plana  (Feist.),  which  may  be,  I  think,  the  same  as 
the  specimen  named  by  Arber  Elatocladus  sp.  ;  I  feel  practically  certain 
that  this  conifer  is  the  same  as  that  described  by  Feistmantel  from  Jurassic 
rocks  of  India.”  In  referring  to  the  “  Asplenium  palaeopteris  (Ung.)  ”  he 
says :  “  Some  years  ago,  in  describing  certain  English  fossil  plants,  I 

suggested  that  Unger’s  specie?  might  be  identical  with  a  Wealden  species 
from  England,  but  I  had,  of  course,  only  his  figure  to  go  by.”f 


*  E.  A.  Newell  Arber,  The  Earlier  Mesozoic  Floras  of  New  Zealand,  N.Z.  Geol. 
Surv.  Pal.  Bull.  No.  6,  pp.  17,  18,  1917. 

f  See  also  Newell  Arber,  loc.  cit.,  p.  3< 
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VOLTAGE-DROP  IN  ALTERNATING-CURRENT 
OVERHEAD  DISTRIBUTION  CIRCUITS. 

By  I.  R.  Robinson,  B.E. 

The  calculations  of  the  voltage-drop  in  alternating-current  circuits  involve 
the  evaluation  of  the  reactance  of  the  circuit  considered.  Whilst  tables 
of  the  resistance  of  S.W.G-.  sizes  of  copper  cables  are  available,  there  do 
not  seem  to  be  any  tables  giving  the  values  of  the  reactance  for  S.W.G. 
sizes  for  50  cycles  per  second.  The  attached  tables  are  presented  in  the 
hope  that  they  may  be  of  use  to  others.  The  opportunity  is  also  taken 
to  indicate  a  method  of  calculation  which,  whilst  used  for  a  similar  problem 
in  connection  with  transformers,  can  be  profitably  applied  to  the  problem 
under  consideration. 

Electric-power  lines  may  be  divided  broadly  into  two  classes,  trans¬ 
mission-lines  and  distribution-lines.  Such  a  division  is  at  best  an  approxi¬ 
mation,  and  with  increasing  voltages  the  transmission-lines  of  yesterday 
are  the  distribution-lines  of  to-day.  For  the  purpose  of  this  paper,  however, 
distribution-lines  are  taken  as  those  in  which  the  capacity  and  conductance 
between  phases  may  be  neglected  as  having  no  appreciable  effect  on  the 
voltage-drop. 

For  all  voltages  for  distances  up  to  thirty  miles  the  error  in  neglecting 
the  capacity  of  the  lines  is  about  0-0015  of  the  sending-end  voltage.  The 
method  of  calculation  indicated  will  be  suitable  for  lines  of  less  than  thirty 
miles  in  length.  By  a  simple  extension  it  applies  also  to  lines  up  to  a 
hundred  miles  in  length. 

The  following  are  the  symbols  used,  with  their  meanings  : — 

P  is  the  power  in  kilowatts  ; 

l  is  the  distance  in  miles  ; 

R  is  the  resistance  in  ohms  per  mile  per  phase  ; 

L  is  the  inductance  in  henrys  per  mile  per  phase ; 
jp  =  2  trf  —  314-16  for  /  =  50  cycles  ; 

cos  6  is  the  power-factor  at  the  receiving  end  ; 

Ir  is  the  current  at  the  receiving  end  ; 

Vs  is  the  voltage  at  the  sending  end  ; 

Vr  is  the  voltage  at  the  receiving  end. 

For  three-phase  transmission  Vs  and  Vr  are  voltages  from  phase  •  to 
neutral,  and  P  is  one-third  of  the  total  power  transmitted  (assuming  a 
balanced  load). 

For  single-phase  transmission  Vs  and  Vr  are  voltages  between  phases, 
and  P  is  the  total  power  transmitted.  In  this  case  the  figure  given  by 
the  final  equation  must  be  multiplied  by  2  to  give  the  voltage-drop. 

The  voltage-drop  can  best  be  shown  by  means  of  the  accompanying 
vector  diagram. 

In  the  diagram,  OA,  the  current  at  the  receiving  end,  is  taken  as  a 
vector  of  reference.  The  voltage  at  the  receiving  end  leads  the  current 
there  by  an  angle  0  (where  cos  0  is  the  power-factor  of  the  load),  and  is 
represented  by  OB.  The  voltage-drop  due  to  the  resistance  is  in  phase 
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with  the  current,  and  is  represented  by  BD.  DC  represents  the  voltage- 
drop  due  to  reactance,  and  is  in  quadrature  with  the  current.  The  voltage 
at  the  sending  end  is  represented  by  OC.  In  the  diagram,  for  the  sake 
of  clearness,  the  quantities  BD  and  DC  are  exaggerated. 

c  < 


Jr  PL 

\ 


o  fl 

Vector  Diagram. 

Correction :  For  ZIrPL  read  llyjph. 

The  voltage-drop  is  given  by 

V*  —  Vi¬ 
and  is  represented  by  the  difference  in  length  of  OC  and  OB. 


By  resolving  along  and  perpendicular  to  OA  we  have 
Vs  (Vr  cos  o  -f~  ZIrR)2  +  (Vr  sin  v  +  llYp L)a 

—  Vr  yj ^  r  (r  cos  0  +  pL  sin  ^  Rr  +  p2  L2^) 


Now,  in  all  practical  cases  and  — are  small,  and  hence 

V  r  »  r 

V,  —  Vr  1 1  +  (R  cos  6  +  pL  sin  6)  j  ; 

Va  —  Vr  =  H,  (R  cos  6  +  pL  sin  6). 

v  t  P  x  iooo  T 

1,111  V,  cos  6  ~  lr ; 

.  1T  P  X  1000  Xl,. D  ,  T  x 

. .  Vs  —  Vr  = - if -  (R  +  ph  tan  6). 

V  V 


If  both  ZIrR  and  ZIrpL  are  less  than  10  per  cent,  of  Vr  (as  they  will 
be  in  all  practical  cases),  the  error  in  the  above  approximation  will  be  less 
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than  0-05  per  cent,  of  Vr.  To  facilitate  the  use  of  the  above  equation, 
tables  of  R  and  ph  have  been  prepared  for  both  annealed  and  hard-drawn 
copper  wire  (Table  I).  The  values  of  ph  have  been  calculated  from  the 
following  formulae*  : — 

ph  =  *232  log. 
ph  —  -232  log. 
pL  =  -232  log. 
ph  =  -232  log. 
ph  —  -232  log. 

The  above  are  for  symmetrical  spacing.  For  unsymmetrical  spacing 
use  D  =  V abc  where  a ,  b,  and  c  are  the  distances  between  the  wires.  For 
flat  symmetrical  spacing  D  =  l*26a. 

Table  II,  giving  values  of  tan  0  for  various  values  of  cos  0,  will  also 
facilitate  the  calculations. 


2*57 

D 

d 

2*756 

D 

d 

2*640 

D 

d 

2*61 

D 

d 

2*59 

D 

d 


for  single  wires  ; 
for  seven-strand  cables  ; 
for  nineteen-strand  cables  ; 
for  thirty-seven-strand  cables  ; 
for  sixty-one-strand  cables. 


As  an  example  of  the  use  of  the  above  table  consider  the  following 
problem  : — What  will  be  the  voltage-drop  with  the  following  conditions  : 
Size  of  wire,  No.  8  S.W.G. ;  spacing,  2  ft.  ;  distance,  1  mile  ;  load,  30  kw.  ; 
power-factor,  *70  ;  voltage,  3,300 ;  system,  three-phase  ? 


Voltage-drop  is  (2*20  +  *600  X  1*020) 


1910 

30  X  1000  X  1  X  2*81 
1910 


=  44  volts. 


By  applying  the  Dwight  correction  for  capacity,  for  transmission-lines 
of  lengths  from  30  to  100  miles,  the  voltage-drop  may  be  found  by  sub- 

tracting  1*50  Vr  ( i000  )  ^rom  drop  f°un(i  by  the  above  method. 

As  an  example  consider  the  transmission  of  6,000  kw.  at  *95  power- 
factor  ;  voltage,  66,000 ;  spacing,  6  ft.,  delta ;  size  of  wire,  19/13 ; 
distance,  80  miles  : — 


Vs  -  Vr  = 


2000  X  1000  X  80 


38100 

v,  /  80  \2_  160000  X  -550 
X  (,1000/  “  38d“ 


(•355  +  *328  X  -607)  -  1*5  X  38100 
-  366  =  2310  -  366  =  1944. 


The  above  method  will  give  results  accurate  to  about  the  same  degree 
as  an  ordinary  slide-rule. 


*  H.  B.  Dwight,  Transmission-line  Formulae. 
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Table  I. 


Size. 

Resistance  (Ohms 
per  Mile). 

Reactances  (Ohms  per  Mile). 

Size. 

Spacing. 

* 

S.W.G. 

Annealed. 

Hard- 

drawn. 

S.W.G. 

6  in. 

12  in 

18  in 

24  in 

30in.|36in. 

'  | 

42  in. 

48  in. 

60  in. 

72  in. 

12 

4-98 

5-080 

•504 

•574 

•615 

•644 

•667 

•685 

•701 

•714 

•736 

•755 

12 

11 

4-00 

4-084 

■493 

•563 

•604 

•633 

•656 

•674 

•690 

•703 

•725 

•744 

11 

10 

3-29 

3-354 

•483 

•553 

•594 

•623 

•646 

•664 

•680 

•693 

•715 

•734 

10 

9 

2-60 

2-650 

•471 

•541 

•582 

•611 

•634 

•652 

•668 

•681 

•703 

•722 

9 

8 

2-103 

2-146 

•460 

•530 

•571 

•600 

•623 

•641 

•657 

•670 

•692 

•711 

8 

7 

1-738 

1-774 

•450 

•520 

•561 

•590 

•613 

•631 

•647 

•660 

•682 

•701 

7 

6 

1-462 

1-491 

•441 

•511 

•552 

•581 

•604 

•622 

•638 

•651 

•673 

•692 

6 

5 

1-198 

1-223 

•431 

•501 

•542 

•571 

•594 

•612 

•628 

•641 

•663 

•682 

5 

4 

1-001 

1-021 

•422 

•492 

•533 

•562 

•585 

•603 

•619 

•632 

•654 

•673 

4 

3 

0-848 

0-865 

•414 

•484 

•525 

•554 

•577 

•595 

•611 

•624 

•646 

•665 

3 

2 

0-706 

0-721 

•405 

•475 

•516 

•545 

•568 

•586 

•602 

•615 

•637 

•656 

2 

1 

0-598 

0-610 

•397 

•467 

•508 

•537 

•560 

•578 

•594 

•607 

•629 

•648 

1 

1/0 

0-513 

0-523 

•389 

•459 

•500 

•529 

•552 

•570 

•586 

•599 

•621 

•640 

1/0 

2/0 

0-445 

0-454 

•382 

•452 

•493 

•522 

•545 

•563 

•579 

•592 

•614 

•633 

2/0 

3/0 

0-389 

0-397 

•375 

•445 

•486 

•515 

•538 

•556 

•572 

•585 

•607 

•626 

3/0 

4/0 

0-336 

0-343 

•368 

•438 

•479 

•508 

•531 

•549 

•565 

•578 

•600 

•619 

4/0 

5/0 

0-288 

0-294 

•360 

•430 

•471 

•500 

•523 

•541 

•557 

•570 

•592 

•611 

5/0 

6/0 

0-250 

0-255 

•353 

•423 

•464 

•493 

•516 

•534 

•550 

•563 

•585 

•604 

6/0 

7/0 

0-216 

0-220 

•345 

•415 

•456 

•485 

•508 

•526 

•542 

•555 

•577 

•596 

7/0 

7/20 

6-04 

6-16 

•507 

•577 

•618 

•647 

•670 

•688 

•704 

•717 

•739 

•758 

7/20 

7/19 

4-90 

5-00 

•496 

•566 

•607 

•636 

•659 

•677 

•693 

•706 

•728 

•747 

7/19 

7/18 

3-40  i 

3-47 

•478 

•548 

•589 

•618 

•641 

•659 

•675 

•688 

•710 

•729 

7/18 

7/17 

2-50 

2-55 

•462 

•532 

•573 

•602 

•625 

•643 

•659 

•672 

•694 

•713 

7/17 

7/16 

1-91 

1-95 

•449 

•519 

•560 

•589 

•612 

•630 

•646 

•659 

•681 

•700 

7/16 

7/15 

1-51 

1-54 

•437 

•507 

•548 

•577 

•600 

•618 

•634 

•647 

•669 

•688 

7/15 

7/14 

1-222 

1-247 

•426 

•496 

•537 

•566 

•589 

•607 

•623 

•636 

•658 

•677 

7/14 

7/13 

0-924 

0-943 

•412 

•482 

•523 

•552 

•575 

•593 

•609 

•622 

•644 

•663 

7/13 

7/12 

0-723 

0-738 

•400 

•470 

•511 

•540 

•563 

•581 

•597 

•610 

•632 

•651 

7/12 

7/11 

0-581 

0-593 

•389 

•459 

•500 

•529 

•552 

•570 

•586 

•599 

•621 

•640 

7/11 

7/10 

0-477 

0-487 

•376 

•446 

•487 

•516 

•539 

•557 

•573 

•586 

•608 

•627 

7/10 

19/22 

4-68 

3-76 

•476 

•546 

•587 

•616 

•639 

•657 

•673 

•686 

•708 

•727 

19/22 

19/21 

2-92 

2-98 

•463 

•533 

•574 

•603 

•626 

•644 

•660 

•673 

•695 

•714 

19/21 

19/20 

2-22 

2-27 

•451 

•521 

•562 

•591 

•614 

•632 

•648 

•661 

•683 

•702 

19/20 

19/19 

1-80 

1-84 

•440 

•510 

•551 

•580 

•603 

•621 

•673 

•650 

•672 

•691 

19/19 

19/18 

1-25 

1-28 

•422 

•492 

•533 

•562 

•585 

•603 

•619 

•632 

•654 

•673 

19/18 

19/17 

0-921 

0-940 

•406 

•476 

•517 

•546 

•569 

•587 

•603 

•616 

•638 

•657 

19/17 

19/16 

0-705 

0-719 

•393 

•463 

•504 

•533 

•556 

•574 

•590 

•603 

•625 

•644 

19/16 

19/15 

0-540 

0-551 

•381 

•451 

•492 

•521 

•544 

•562 

•578 

•591 

•613 

•632 

19/15 

19/14 

0-451 

0-460 

•370 

•440 

•481 

•510 

•533 

•551 

•567 

•580 

•602 

•621 

19/14 

19/13 

0-341 

0-348 

•356 

•426 

•467 

•496 

•519 

•537 

•553 

•566 

•588 

•607 

19/13 

19/12 

0-260 

0-265 

•344 

•414 

•455 

•484 

•507 

•525 

•541 

•554 

•576 

•595 

19/12 

19/11 

0-217 

0-221 

•333 

•403 

•444 

•473 

•496 

•514 

•530 

•543 

•565 

•584 

19/11 

19/10 

0-178 

0-182 

•323 

•393 

•434 

•463 

•486 

•504 

•520 

•533 

•555 

•574 

19/10 

37/20 

1-150 

1-175 

•416 

•486 

•527 

•556 

•579 

•597 

•613 

•626 

•648 

•667 

37/20 

37/19 

0-927 

0-946 

•405 

•475 

•516 

•545 

•568 

•586 

•602 

•615 

•637 

•656 

37/19 

37/18 

0-645 

0-658 

•390 

•460 

•501 

•530 

•553 

•571 

•587 

•600 

•622 

•641 

37/18 

37/17 

0-472 

0-482 

•371 

•441 

•482 

•511 

•534 

•552 

•568 

•581 

•603 

•622 

37/17 

37/16 

0-362 

0-369 

•358 

•428 

•469 

•498 

•521 

•539 

•555 

•568 

•590 

•609 

37/16 

37/15 

0-288 

0-294 

•346 

•416 

•457 

•486 

•509 

•527 

•543 

•556 

•578 

•597 

37/15 

37/14 

0-234 

0-239 

•335 

•405 

•446 

•475 

•498 

•516 

•532 

•545 

•567 

•586 

37/14 

37/13 

0177 

0-180 

•321 

•391 

•432 

•461 

•484 

•502 

•518 

•531 

•553 

•572 

37/13 

37/12 

0-140 

0-143 

•309 

•379 

•420 

•449 

•472 

•490 

•506 

•519 

•541 

•560 

37/12 

61/18 

0-392 

0-400 

•361 

•431 

•472 

•501 

•524 

•542 

•558 

•571 

•593 

•612 

61/18 

61/17 

0-289 

0-295 

•345 

•415 

•456 

•485 

•508 

•526 

•542 

•555 

•577 

•596 

61/17 

61/16 

0-221 

0-226 

•332 

•402 

•443 

•472 

•495 

•513 

•529 

•542 

•564 

•583 

61/16 

61/15 

0-176 

0-179 

•320 

•390 

•431 

•460 

•483 

•501 

•517 

•530 

•552 

•571 

61/15 

61/14 

0-143 

0-146 

•309 

•379 

•420 

•449 

•472 

•490 

•506 

•519 

•541 

•560 

61/14 

61/13 

0-111 

0-1126 

•296 

•366 

•407 

•436 

•459 

•477 

•493 

•506 

•528 

•547 

61/13 

61/12 

0-0893 

0-0901 

•284 

•354  | 

•395 

•424 

•446 

•465  | 

•480 

•494 

•516  1 

534 

61/12 
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Robinson. — Voltage-drop  in  Circuits. 
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Table  II. 


Cos  6. 

Tan  6. 

Cos  0. 

Tan  0. 

1-00 

0-000 

0-75 

0-882 

0-98 

0-203 

0-70 

1-020 

0-95 

0-328 

0-65 

1-176 

090 

0-484 

0-60 

1-333 

085 

0-620 

0-55 

1-519 

0-80 

0-750 

0-50 

1-732 

NATURAL-HISTORY  NOTES. 

Occurrence  of  the  Australian  Slow-worm  in  New  Zealand,  by  W.  R.  B. 

Oliver,  F.L.S.,  F.Z.S. 

Although  various  vertebrates  have  been  recorded  as  being  accidentally 
introduced  to  New  Zealand  by  ships,  I  am  not  aware  that  any  reptile  has 
hitherto  been  noticed.  The  capture  of  a  live  specimen  of  the  Australian 
slow-worm  ( Pygopus  lepidopodus)  in  Wellington  is  therefore  of  sufficient 
interest  to  place  on  record.  A  specimen  was  brought  to  the  Dominion 
Museum  on  the  10th  May,  1921,  by  Mr.  P.  Scoringe,  who  had  noticed  it 
that  morning  in  Taranaki  Street,  near  the  water’s  edge,  and  killed  it  by 
crushing  its  head.  It  is  presumed  that  it  had  been  unintentionally  carried 
to  New  Zealand  in  a  cargo-vessel.  When  the  lizard  reached  the  Museum  it 
still  showed  signs  of  life.  This  specimen  measures  12 J  in.  in  length,  of 
which  2J  in.  consists  of  the  renewed  growth  of  a  broken-off  tail.  The 
scales  on  the  body  are  elongate  and  strongly  keeled,  as  is  characteristic 
of  the  species,  but  those  on  the  new  portion  of  the  tail  are  shorter  and 
show  only  faint  indications  of  a  keel.  The  length  from  the  snout  to  the 
base  of  the  tail  is  in.,  so  that  it  appears  to  be  fully  grown.  It  has  not 
quite  finished  casting  its  skin,  portions  of  the  slough  still  adhering  to  the 
back  and  tail. 

The  Australian  slow-worm  is  found  commonly  throughout  Australia, 
and  is  also  recorded  from  Tasmania.  It  is  a  member  of  an  Australian 
family  of  lizards,  Pygopodidae,  characterized  by  having  the  fore  limbs 
entirely  wanting  and  the  hind  limbs  reduced  to  scaly  flaps.  On  account 
of  its  snake-like  appearance  it  is  generally  regarded  as  a  species  of  snake, 
and,  to  quote  Lucas  and  Le  Souef,  “  suffers  for  its  resemblance.”  The 
fate  of  the  present  example  supports  this  statement.  The  length  of  a 
full-grown  individual  is  about  2  ft.,  of  which  nearly  three-fourths  belongs 
to  the  tail ;  but,  owing  to  the  animal’s  habit  of  snapping  off  portions  of 
its  tail  on  little  provocation  and  of  reproducing  a  new  one,  short  specimens 
are  frequently  taken.  The  new  portion  of  the  tail  is  easily  detected  by 
having  scales  of  different  pattern  and  size  to  those  of  the  rest  of  the  body. 

Lo^ania  depressa ,  by  W.  R.  B.  Oliver,  F.L.S.,  F.Z.S. 

There  are  some  species  of  plants  in  the  New  Zealand  flora  so  rare  that 
they  have  been  found  only  once  in  a  lifetime,  while  a  few  have  never  been 
collected  since  their  first  discovery.  The  present  note  deals  with  one  of 
these,  with  a  view  to  attracting  the  attention  of  those  who  have  the 
opportunity  to  visit  its  domain,  so  that  specimens  may  be  gathered  and 
its  relationships  better  understood. 
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All  the  published  information  regarding  Logania  dejpressa  is  included  in 
T.  F.  Cheeseman’s  Manual  of  the  New  Zealand  Flora ,  page  443.  Recently, 
however,  Mr.  B.  C.  Aston  received,  through  the  courtesy  of  Sir  David  Prain, 
Director  of  the  Royal  Botanic  Gardens,  Kew,  a  photograph  of  the  only 
known  specimens,  which  are  preserved  in  the  Kew  Herbarium,  together  with 
a  copy  of  Sir  J.  D.  Hooker’s  drawing  of  the  flowers.  These  are  reproduced 
herewith,  and  the  opportunity  is  availed  of  to  bring  together  all  that  is 
known  of  the  plant. 

The  Rev.  W.  Colenso,  to  whom  we  are  indebted  for  so  many  discoveries 
during  the  early  history  of  botanical  investigation  in  New  Zealand,  found 
Logania  dejpressa  on  his  second 
crossing  of  the  Ruahine  Moun¬ 
tains,  in  1847.  After  journeying 
from  Napier  to  Taupo  by  way 
of  Pohue,  he,  with  a  few  Maori 
companions,  travelled  south, 
crossed  Te  Onetapu  Desert,  and 
then  turned  south  -  eastwards 
down  the  valley  of  the  Moa- 
whango.  This  river  and  the 
Rangitikei  were  crossed  before 
the  steep  ascent  of  the  range 
commenced.  The  actual  point 
of  crossing  the  mountains  was 
the  peak  Te  Atua  -  o  -  mahuru, 
from  which  he  descended  to  the 
valley  of  the  Waipawa. 

After  crossing  Te  Onetapu 
Desert  and  before  reaching  the 
Moawhango  River  Colenso  re¬ 
cords  the  discovery  of  Logania 
dejpressa  in  the  following  words : 

“  22nd  [February,  1847].  Un¬ 
fortunately,  however,  the  ice  on 
the  many  pools  and  streamlets 
we  had  to  cross  after  gaining 
the  brow  of  the  hill  was  not 
thick  enough  to  bear  one’s 
weight,  and  so  we  were  obliged 
to  go  through  it.  Crash  !  souse  !  into  the  cold  water,  of  which  my  poor 
companions  with  their  naked  feet  loudly  complained.  Here,  in  one  of 
these  watery  hollows,  and  partly  submerged  (owing,  no  doubt,  to  the  late 
rains)  grew  a  little  shrubby  plant  which  I  had  not  seen  before,  and  never 
again  found  ;  I  knew  it  to  be  allied  to  our  Geniostoma,  and  it  has  proved 
to  be  a  species  of  Logania  (L.  dejpressa).  It  cost  me  a  good  wetting  and 
cold  shivering  to  get  specimens.* 

As  far  as  can  be  gathered  from  Colenso’s  account  the  locality  would 
be  south  of  the  Kaimanawa  Mountains  and  to  the  west  of  the  Moawhango 


Fig.  1. — Logania  depressa  Hk.  f.  Photograph 
of  type  in  the  Herbarium,  Royal  Botanic 
Gardens,  Kew.  x|. 


*  W.  Colenso,  An  Account  of  Visits  to,  and  Crossing  over,  the  Ruahine  Mountain 
Range,  p.  43,  Napier,  1884. 
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River — that  is,  probably,  east  of  Waiouru  and  north  of  Moawhango 
Township. 

Logania  depressa  is  described  as  a  small  woody  prostrate  shrub  with  rigid  interlaced 
pubescent  branches.  The  leaves  are  opposite,  connected  by  a  sheath,  }  in.  to  in. 
long,  coriaceous,  veinless,  linear-obovate  to  oblong,  obtuse.  Flowers  numerous,  small, 
white,  axillary,  pedicelled,  bracteate,  solitary  or  in  3-5-flowered  panicles  ;  male  flowers 
only  are  present  on  the  specimens  collected.  The  sepals  are  oblong,  obtuse,  and  ciliate 
Corolla  about  equal  to  the  calyx  in  length,  the  petals  united  into  a  tube  for  half  their 
length,  lobes  5,  rounded,  throat  bearded.  Stamens  5,  inserted  near  the  base  of  the 
corolla-tube,  alternating  with  the  lobes ;  filaments  filiform,  anthers  large,  slightly 
exserted,  2  cleft  for  half  their  length.  Style  short  clavate,  stigma  oblong  thick. 

The  interest  of  Logania  depressa 
lies  in  its  relationships.  If  it  is 
correctly  classified  as  a  Logania  it 
is  the  only  member  of  the  genus 
present  in  New  Zealand.  Logania 
includes  twenty  other  species,  all 
confined  to  Australia,  and  of  these 
thirteen  are  found  in  Western  Aus¬ 
tralia,  nine  being  limited  to  that 
State.  On  the  assumption  that  the 
centre  of  dispersal  of  a  genus  is  the 
region  in  which  its  greatest  develop¬ 
ment  occurs,  it  would  be  inferred 
that  Logania  originated  in  Western 
Australia  and  has  spread  thence  to 
the  eastward.  On  this  hypothesis 
the  New  Zealand  species  would  be 
the  descendant  of  a  straggler  which 
accidently  crossed  the  Tasman  Sea 
from  Australia. 

The  Feeding-habits  of  Hemiptera,  by  J.  G.  Myers,  F.E.S.,  Biology 
Section,  Department  of  Agriculture. 

The  rearing  of  the  Pentatomid  bug  Rhopalimorpha  obscura  Dali,  last 
season  gave  me  an  excellent  opportunity  to  study  the  feeding-habits  of 
these  insects. 

Both  imagines  and  nymphs  were  feeding  on  the  full-grown  but  unripe 
and  “  milky  ”  seeds  of  cocksfoot  ( Dactylis  glomerata),  which  they  reached 
by  piercing  the  enclosing  glumes. 

The  insect  might  be  repeatedly  watched  as  it  walked  slowly  over  a 
head  of  cocksfoot,  stopping  here  and  there  to  feel  the  surface  with  the 
extreme  tip  of  the  rostrum.  Finally  a  place  was  found  suitable  for  its 
operations,  then  the  insect  stood  still,  and  one  saw  its  head  approach 
closer  and  closer  to  the  point  of  application  of  the  rostrum.  The  boring 
was  a  very  gradual  process.  As  the  setae  gradually  worked  their  way 
into  the  tissues  the  four-jointed  sheath  first  curved  somewhat  and  then  bent 
back  at  the  first  proximal  joint,  while  its  apex  still  supported  the  slender 
setae  at  the  point  of  entry.  Finally,  as  these  latter  bored  deeper  and 
obtained  a  firm  hold,  the  sheath  was  suddenly  drawn  back  and  laid  along 
the  venter,  in  the  position  of  repose  which  it  occupies  when  the  whole 
mouth-parts  are  out  of  action.  Its  function  is  over  for  the  time  being  : 


Fig.  2. — Logania  depressa  Hk.  f.  Copy 
of  analysis  in  the  Kew  Herbarium. 
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it  has  merely  guided  and  supported  the  setae  which  form  the  true  boring- 
tool.  This  point  should  be  stressed  in  view  of  the  fact  that  the  fallacy 
which  supposes  the  insect  to  plunge  its  whole  beak  bodily  into  the  tissues 
of  the  host  is  still  widely  held  by  those  who  are  not  specialists  in  the 
Hemiptera. 

Even  when  the  labial  sheath  has  been  folded  back  the  boring  still 
continues  deeper,  until  even  the  labrum,  a  flexible  flap  protecting  the  front 
of  the  mouth-parts,  may  have  to  be  bent  forward  to  allotv  the  setae  to 
embed  themselves  deeper.  In  this  position  the  insect  may  continue  for 
long  periods,  imbibing  the  sap,  and  making  no  movement  save  an  occasional 
stir  of  an  antenna  when  another  bug  approaches. 


Fig.  1  shows  the  bug  testing  the  surface  as  a  preliminary  to  feeding. 
In  fig.  2  the  maxillary  and  mandibular  setae  have  bored  in  to  such  a  depth 
as  to  necessitate  bending  of  the  sheath,  which  is  formed  by  the  four- jointed 
labium.  In  fig.  3  the  setae  are  inserted  so  deeply  that  the  labium  is 
tucked  right  out  of  the  way,  lying  along  the  venter  in  its  usual  position 
of  repose. 


UNIVERSITY  AND  SCIENTIFIC  NEWS. 

International  Geological  Congress. 

The  following  letter  giving  notice  of  the  forthcoming  Geological  Congress, 
meeting  in  Belgium  in  1922,  has  been  received  by  the  Director  of  the  New 
Zealand  Geological  Survey,  to  whom  those  wishing  to  receive  further  circulars 
should  apply. 

[Translation.]  ' 

International  Geological  Congress. — Belgian  Meeting,  1922. 

July,  1921. 

The  honour  of  organizing  the  next  International  Geological  Congress  has  been 
reserved  for  Belgium  since  1913.  The  brutal  invasion  of  our  soil  in  spite  of  all  treaties, 
the  ruins  which  accumulated  in  the  course  of  the  war,  the  distress  of  the  entire  country, 
have  forced  a  long  adjournment  of  this  meeting.  But  sympathetic  requests,  coming  from 
all  quarters,  induce  us  to  delay  no  longer. 

In  the  name  of  the  Organizing  Committee  we  have  the  honour  to  bring  to  your 
knowledge  that  an  International  Geological  Congress  will  be  held  in  Belgium  in  the  latter 
half  of  August,  1922,  and  to  invite  you  to  take  part  in  it. 

Excursions  will  be  organized  before,  during,  and  after  the  meeting.  They  will 
extend  over  the  whole  of  our  country,  of  which  the  varied  geological  constitution  has 
already  been  studied  in  great  detail. 
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The  consideration  of  questions  of  a  general  character  will  be  placed  on  the  order 
paper  of  the  meeting. 

Further  circulars  will  make  known  the  details  of  the  organization. 

We  are  convinced  that  you  will  give  your  valuable  assistance,  and  we  thank  you 
in  advance. 

For  the  Organizing  Committee  : 

The  President, 

Jean  Lebacqz,  Director-General  of  Mines, 

President  of  the  Geological  Society  of  Belgium. 

The  Secretary, 

Armand  Renier,  Chief  of  the  Geological  Survey  of 
Belgium. 

P.S. — We  would  be  obliged  if  you  would  be  good  enough  to  give  this  letter  all 
desirable  publicity,  and  especially  to  reproduce  it  in  your  publications. 

Moreover,  the  lists  of  addresses  at  our  disposal  being  old,  you  would  render  a  great 
service  by  making  for  us  a  list  of  persons  to  whom  we  could  usefully  send  further 
circulars. 

Address  all  communications  to  the  secretariat — Service  Geologique  de  Belgique, 
Palais  du  Cinquantenaire,  Bruxelles. 


REVIEWS  AND  ABSTRACTS. 

Climatic  Cycles  and  Evolution,  by  Griffith  Taylor.  Geographical  Review , 
vol.  8,  pp.  289-328,  1919. 

The  Evolution  and  Distribution  of  Race,  Culture,  and  Language,  by 

Griffith  Taylor.  Ibid,,  vol.  11,  pp.  54-117,  1921. 

Ethnology  receives  yet  another  adherent  from  among  the  geologists 
in  Dr.  Griffith  Taylor,  of  Sydney,  well  known  for  his  geological,  physio- 
graphical,  and  climatological  work  in  Australia  and  Antarctica.  Ethnologists 
will  welcome  him  gladly,  for  their  science  has  gained  much  in  the  past  from 
men  whose  training  has  been  in  geology — Powell,  for  example,  and  many 
more.  Nor  is  it  solely  the  personal  service  that  has  counted,  for  some  of 
the  most  fertile  conceptions  in  the  whole  science  have  been  brought  over 
from  geology — the  concept  of  stratification  in  race  or  culture,  for  example, 
which  is  fundamental  in  ethnology,  and  the  concept  of  contact  meta¬ 
morphism,  introduced  by  T.  H.  Holland.  On  the  side  of  organization  the 
debt  is  equally  great,  for  the  admirable  Bureaus  of  Ethnology  both  in 
Canada  and  the  United  States  have  developed  out  of  the  Geological 
Surveys  of  those  countries. 

What  will  the  first  impressions  be  of  the  brotherhood  into  which  this 
new  and  dashing  member  has  stepped  ?  First  of  all,  no  doubt,  they  will 
feel  gratitude  for  two  important  contributions  to  their  science  ;  in  the 
second  place  they  may  feel  a  trifle  doubtful  at  the  unbounded  confidence 
of  the  new-comer  ;  and  finally,  turning  from  the  two  contributions  already 
mentioned,  they  will  gaze  with  interest  at  the  store  of  astonishing  novelties 
he  has  to  offer. 

In  the  earlier  of  his  two  papers  Dr.  Taylor  44  attempted  to  show  that 
the  chief  ethnological  characters  of  man  developed  largely  as  the  result  of 
marked  changes  of  climate  during  the  Pleistocene  age. 

“  I  showed,”  he  says,  “  that  the  various  races  are  distributed  in  zones 
about  central  Asia.  The  most  primitive  races,  the  primitive  Negritos, 
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occupy  or  occupied  the  most  distant  or  least  attractive  portions  of  the 
outer  zone.  Next  come  the  Negro  ;  and  then  is  a  zone  including  the 
Dra  vidian  races,  the  aborigines  of  Australia,  and  probably  the  Botocudo 
of  Brazil.  Within,  in  succession,  follow  the  Iberian,  Aryan,  and  early 
Mongolian  zones,  even  more  fully  represented  in  the  New  World  than  in 
the  Old.  Lastly  are  the  late  Mongolian  peoples,  occupying  the  highlands 
of  Tibet  and  the  north-west  of  China.” 

In  the  more  recent  paper  an  attempt  is  made  to  show  how  these 
migrations  from  central  Asia  occurred,  and  to  correlate  with  them  the 
evolution  of  the  culture  of  the  folk  composing  them.  With  this  end  in  view 
Dr.  Taylor  examines  the  various  tests  of  race,  and  selects  cephalic  index 
as  his  standard.  Colour,  he  decides,  is  far  less  permanent,  being  pro¬ 
foundly  affected  by  climate.  “  The  sequence  yellow,  white-olive-brown, 
dark  brown  (black)  occurs  in  every  direction  round  Tibet,  except  perhaps 
in  the  little-known  Brazilian  region.  Thus  the  colour  evidence  on  the 
whole  agrees  very  well  with  the  migration  zones  based  on  anatomical 
material.” 

Dr.  Taylor  then  embarks  on  the  ambitious  task  of  indicating  the  origin 
and  relationships  of  the  principal  races  of  mankind,  and  of  their  cultures 
and  languages. 

It  has  not  often  happened  that  a  new  adherent  to  any  science  has 
made  his  bow  through  a  piece  of  work  of  such  interest  and  importance  as 
Dr.  Taylor’s  discussion  of  the  broad  question  of  climate  in  its  relation  to  human 
history.  Here  he  supports  strongly  the  view  set  out  by  Huntington  in 
The  Pulse  of  Asia  ;  but  he  makes  original  contributions  of  his  own,  especially 
on  the  subject  of  the  corridors  along  which  successive  great  migrations 
have  passed.  In  the  course  of  this  discussion  Dr.  Taylor  introduces  into 
ethnology  with  good  effect  the  geological  concept  of  a  shatter-belt,  which 
will  probably  prove  as  fruitful  as  Holland’s  contact  metamorphism.  “  Just 
as  there  are  lines  of  weakness  in  the  crust,”  says  Dr.  Taylor,  “  along  which 
earth-movements  take  place,  era  after  era,  so  there  are  corridors  along 
which  tribes  migrate,  age  after  age.  In  both  cases  the  margins  are  rent, 
pushed  aside,  and  in  part  absorbed.”  And  in  another  place,  “  The  main 
line  of  disruption  occurs  all  along  the  great  corridor  from  the  Malayan 
region,  through  China,  eastern  Siberia,  and  the  western  coast  of  America. 
Here  the  debris  of  primitive  tribes  is  left  like  the  line  of  shattered  and 
altered  rocks  which  marks  the  course  of  a  great  line  of  disruption  in  the 
earth’s  crust.”  This  geological  conception  and  the  discussion  of  climate 
constitute  what  will  probably  prove  to  be  permanent  contributions  to  the 
science  of  ethnology. 

Of  very  different  value  is  Dr.  Taylor’s  handling  of  the  facts  and  theories 
of  race,  culture,  and  language.  He  is  moving  here  in  a  region  with  which 
he  is  not  familiar,  yet  here  he  speaks  more  confidently  and  with  far  less 
qualification  than  in  the  fields  of  which  he  has  an  acknowledged  right  to 
speak.  The  following  are  a  few  of  many  points  that  catch  the  attention  of 
a  reader  :  By  what  authority  does  Dr.  Taylor  create  a  Mousterian  race  as 
distinct  from  the  Neanderthal  ?  Why,  also,  does  he  state,  in  flat  contra¬ 
diction  to  facts  long  acknowledged  by  every  anthropologist,  that  the 
Neanderthalers  were  tall  ?  And  why,  if  he  feels  bound  to  create  an 
“  Aurignacian  race,”  does  he  make  them  stunted  and  short  ?  There  is, 
in  fact,  no  valid  reason  why  the  well-established  practice  of  applying  the 
berms  “  Mousterian  ”  and  “  Aurignacian  ”  to  cultures  or  industries  should 
be  abandoned  in  favour  of  Dr.  Taylor’s  racial  usage.  His  treatment  of 
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modern  races  is  open  to  similar  criticism.  What  ethnologist  will  for  a 
moment  consider  the  abandonment  of  the  established  schemes  of  racial 
classification  in  favour  of  one  which  equates  Iberians  and  Hamites  (p.  58), 
and  includes  within  this  race  Algonquins,  Hindus,  Hottentots  (p.  58),  Copts, 
Etruscans,  Portuguese,  Punjabi,  and  Moriori  (p.  81),  and  derives  from  it 
the  Semites  (p.  67)  and  those  Melanesians  who  have  the  hooked  nose  (p.  85)  ? 
Such  is  the  inextricable  confusion  that  results  from  taking  cephalic  index 
as  the  sole  guide  in  racial  classification. 

To  turn  from  general  questions  to  details,  the  presence  of  the  Persephone 
story  among  the  Maoris  (p.  86)  will  come  as  a  surprise  to  ethnologists, 
as  also  the  presence  in  Hawaii,  Tahiti,  and  Samoa  of  shamans  and  the 
“  forked  ”  system  of  relationship. 

That  a  proportion  of  Dr.  Taylor’s  mistakes  are  due  to  unfamiliarity 
with  the  material  in  which  he  is  working  is  clear  from  the  fact  that 
elsewhere  he  contrasts  the  Hawaiian  with  the  “  forked  ”  system  of 
relationship. 

The  Australasian  student  turns  with  interest  to  the  sections  dealing 
with  the  island  region  of  the  Pacific.  “  Monolithic  monuments  like  Stone¬ 
henge,”  says  Dr.  Taylor,  are  widely  distributed.  “  They  have  been 
erected  throughout  Micronesia  and  Polynesia,  even  to  Easter  Island.” 
“  Monolithic  ”  is  presumably  a  slip  of  the  pen  for  “  megalithic.”  But  the 
slip  is  repeated,  and  it  is  not  the  kind  of  mistake  expected  from  one  who 
speaks  in  tones  of  authority  on  ethnological  subjects.  On  page  84  of 
Dr.  Taylor’s  second  article  the  cephalic  index  of  the  Maori  is  placed  at  78. 
The  best  authority  on  this  point  is  the  late  Professor  John  Scott,  who  has 
shown  that  the  average  in  the  north  of  New  Zealand  is  73-3  and  in  the 
south  75-9.*  This  may  seem  a  small  point,  but  as  the  whole  of  Dr.  Taylor’s 
scheme  is  based  on  cephalic  indices,  accuracy  in  these  figures  is  essential. 

As  regards  language,  the  student  of  the  Pacific  will  gasp  to  find,  at 
page  109,  Maori  grouped  with  south-eastern  Papuan  and  Malay  as  an 
early  Aryan  tongue,  while  Samoan,  Hawaiian,  and  Tahitian  are  grouped 
together  and  distinguished  from  it  as  early  Alpine.  Nor  is  his  astonish¬ 
ment  allayed  on  finding,  in  fig.  9  (the  lava-flow  analogy),  Samoan  shown 
as  a  fossil  language  underlying  Korean.  Maori  is  shown  a  little  farther 
toward  the  periphery  overlying  Malay,  while  farther  outward  still  is  Moriori 
overlying  north  Melanesian.  If  in  this  diagram  the  cephalic  index  of  the 
Maori  be  corrected  as  noted  above,  then  the  Maori  should  appear  outside 
the  Moriori  and  overlying  the  south  Melanesian.  Thus  the  alteration  of 
a  single  cephalic  index  upsets  the  lava-flow  analogy.  Nor  is  it  easy  to  see 
how  the  Maori-Moriori  facts  can  be  forced  to  fit  to  Dr.  Taylor’s  general 
racial  scheme. 

In  the  statement,  “  It  has  recently  been  shown  that  the  Mela¬ 
nesians  (77)  (akin  to  the  Moriori,  Caroline,  and  Solomon  Islanders) 
built  the  famous  Easter  Island  monuments,”  a  number  of  inferences  are 
involved,  every  one  of  them  highly  disputable.  It  will  suffice  here  to 
warn  the  general  reader  against  the  statement  that  the  stone  structures 
of  Easter  Island  are  proved  to  have  been  built  by  Melanesians.  The 
matter  is  still  under  discussion,  and  many  facts  will  have  to  be  accumu- 
lated  and  set  in  order  before  we  can  say  with  any  degree  of  confidence 
what  racial  strain  predominated  in  the  builders  of  the  ruins  at  Easter 
Island. 


*  Trans.  N.Z.  Inst.,  vol.  26,  p.  63,  1894. 
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In  conclusion,  Dr.  Taylor’s  illuminating  comparison  of  modern  with 
ancient  migrations  may  be  quoted  :  “  The  characteristics  of  a  migration 
have  always  been  much  the  same  throughout  the  ages.  A  modern 
‘  migration,’  such  as  that  of  a  city  crowd  to  a  football  match,  presents  some 
useful  analogies.  First  come  the  lowest  classes  and  pariahs,  who  wander 
freely  over  the  ground  long  before  the  general  public  arrives.  They  have 
arrived  there  by  the  usual  roads  and  tracks,  but  ultimately  are  found  perched 
in  tree-tops  and  in  the  least  attractive  positions  in  the  ground.  Then  the 
proletariat  advances  along  the  same  roads  and  corridors.  They  are  driven 
out  of  the  best  seats,  which  are  reserved  for  the  last  comers.”  This  com¬ 
parison  is  stimulating  as  well  as  amusing.  It  forms  no  substitute,  however, 
for  the  accurate  and  laborious  work  of  orthodox  ethnological  research. 

H.  D.  Skinner. 


Dynamic  Symmetry — the  Greek  Vase,  by  Jay  Hambidge.  Yale  University 
Press,  1920. 


The  artistic  miracle  involved  in  the  shape  or  form  of  the  Greek  vase 
of  the  classic  period,  which  is  the  greatest  design-fabric  ever  created,  made 
its  analytical  inspection  of  supreme  importance  ;  but  as  long  as  the 
problem  was  attacked  along  the  lines  of  linear  (static)  proportion  the  basis 
of  design  defied  discovery.  It  has  long  been  understood  that  design  in 
decorative  and  pictorial  art  is  dependent  upon  a  fundamental  schematic 
plan  permeating  the  entire  production,  thus  producing  a  basic  symmetry 
and  proportional  relationship  between  parts  and  whole  ;  but  the  discovery 
that  areal,  or  two-dimensional,  proportionality  governs  all  understanding 
of  the  true  significance  of  structural  form  is  a  modern  rediscovery  of  the 
basic  principle  which  made  possible  that  Grecian  perfection  in  sculpture, 
architecture,  and  pottery  which  is  at  once  the  delight  and  the  despair  of 
the  modern  artist. 

This  book  shows  conclusively  that  all  the  finer  examples  of  Greek  vases 
were  designed  to  have  the  salient  dimensions  commensurate  in  area  and 
incommensurate  in  line,  or,  to  translate  it  into  the  machinery  of  the 
designing-draftsman,  that  the  shape  was  sketched  out  by  the  aid  of  a  few 
rectangular  figures  whose  sides  were  in  the  ratio  of  1  :  a/2,  1  :  V3,  1 :  Vo, 


and  1  : 


V  5  ±  1 
"  1 


respectively. 


The  author  considers  there  is  no  ground 


for  the  assumption  that  any  one  of  these  rectangles  is  in  itself  a  more 
beautiful  shape  than  any  of  the  others,  although  Plato  considered  that  the 
root-three  rectangle  held  that  pre-eminence ;  but  the  root-five  rectangle, 
with  its  companion  or  derivative  the  rectangle  of  the  whirling  squares 

/— 

(the  rectangle  whose  sides  are  in  the  ratio  1  :  _U=_),  is  the  base  of  dynamic 


symmetry.  These  last  two  are  the  only  rectangles  used  in  formulating 
the  Parthenon  and  such  other  examples  of  Greek  architecture  and  statuary 
as  have  yet  been  analysed. 

The  peculiar  properties  of  the  rectangle  of  the  whirling  squares  are 
well  brought  out ;  and  its  connection  with  the  logarithmic  spiral  of 
vegetable  and  cell  growth  and  with  the  summation  series  of  phyllotaxis, 
or  leaf-distribution,  is  carefully  noted.  Construction  of  form  in  the  plant 
(and  probably  animal)  world  is  associated  with  the  summation  series — so 
called  because  any  term  of  the  series  is  obtained  by  adding  together  the 


1921.] 


Reviews  and  Abstracts. 


271 


two  preceding  terms,  which,  for  integral  numbers  is  expressed  by  the 
Fibonacci  series  of  Leonardo  da  Pisa  thus  :  1,  2,  3,  5,  8,  13,  21,  34,  55,  89, 
144,  &c.  The  ratio  between  successive  terms  of  this  series  becomes  in 


the  limit 


s/  5  +  1 


_  or  1-618. 


The  reciprocal  of  this  number  is  0-618...  and 


its  square  is  2-618.  Furthermore,  when  a  line  is  cut  in  extreme  and  mean 
ratio  (Euclid  II :  11,  and  VI :  30)  (the  “  golden  ”  or  “  divine  ”  section  of  the 
geometers)  the  parts  are  in  the  proportion  of  1  :  1-618... 

The  artists  responsible  for  the  superb  creations  of  Greek  pottery  un¬ 
doubtedly  were  familiar  with  the  work  of  the  Greek  geometers,  and  found 
that  the  application  of  “  science  to  industry  ”  simplified  and  schematized 
their  design  enormously.  The  standardized  shapes  of  Amphorae,  Kylikes, 
Hydriae,  Skyphoi,  Oinochoi,  and  Lekythoi  were  all  arrived  at  by  taking  the 
full  height  of  the  vase  as  the  length  of  a  suitable  root-rectangle,  and  fixing 
the  other  salient  dimensions  from  the  natural  subdivisions  of  the  figure. 


The  Brygos  Kantharos. 


The  subdivisions  were  always  obtained  from  using  the  similar  and  reciprocal 
rectangles  obtained  by  drawing  parallels  through  the  intersections  of  the 
diagonals  and  perpendiculars  drawn  from  opposite  corners.  Very  many 
beautiful  examples  are  illustrated,  with  their  analyses  into  the  formulating 
rectangles,  and  that  of  the  strikingly  beautiful  Brygos  Kantharos  is  repro¬ 
duced  here. 


[This  book  is  the  record  of  a  series  of  lectures  given  by  the  author  at 
the  School  of  Fine  Arts  of  Yale  University,  and  is  the  first  volume  published 
from  the  Rutherford  Trowbridge  Memorial  Publication  Fund.  Similar 
analyses  are  being  made  of  the  works  of  art  comprised  in  Greek  architecture, 
statuary,  and  painting,  and  it  is  already  clear  that  dynamic  symmetry  is 
the  principle  of  their  design  also.  The  importance  of  this  rediscovery  can 
hardly  be  exaggerated  ;  indeed,  one  of  the  most  prominent  art  masters  of 
London  has  declared  that  “  the  rapid  spread  of  the  system  of  dynamic 
symmetry  will  lay  the  foundation  of  our  artistic  salvation.”  The  deplorable 
position  of  architecture  at  the  present  day  from  the  aesthetic  point  of  view 
appears  hopeless  but  for  the  promise  contained  in  this  principle ;  and  its 
application  to  bridges  and  engineering  structures  generally  is  simple  and 
obvious,  but  of  prime  necessity.]  S.  H.  J. 
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Beitrage  zur  Palaontologie  von  Patagonien,  by  0.  Wilckens.  Neu. 
Jahrb.fur  Min.,  Geol.,  Pal.,  Bd.  I,  1921. 

Different  opinions  as  to  whether  the  Roca  beds  are  Cretaceous  or  Tertiary 
have  been  expressed  by  various  authors,  ‘and  this  article  is  mainly  a 
criticism  of  Windhausen’s  paper,  which  advocated  the  placing  of  these 
beds  in  the  Tertiary.  One  of  Windhausen’s  arguments  was  the  presence 
of  the  genera  Aturia,  Calyptraea,  Turritella,  Struthiolaria,  Trophon,  Siphon- 
alia,  Malletia,  Hinnites ,  Lutraria,  and  Balanus,  concerning  which  Wilckens 
makes  the  following  remarks  : — 

“  Aturia  is,  according  to  Ihering,  very  doubtful.  (It  is  probably  a 
Nautilus.)  Calyptraea  is  found  in  the  Upper  Senonian  of  New  Zealand 
and  south  Patagonia.  The  identification  of  a  Calpytraeid  from  Roca  as  a 
living  form  is  surely  wrong.  Turritella  is  found  in  the  Upper  Senonian  of 
south  Patagonia  and  Grahamland.  Trophon  and  Siphonalia  belong  to 
Windhausen’s  still  undescribed  material.  Of  the  two  species  of  Struthiolaria 
one  belongs  to  Windhausen’s  undescribed  material,  and  the  generic  position 
of  the  other  is  doubtful.  Malletia  is  distributed  in  the  Upper  Senonian 
of  Quiriquina,  south  Patagonia,  New  Zealand,  and  G-rahamland.  Hinnites 
occurs  from  the  Trias  to  Recent.  The  Lutraria  is  based  on  a  poor  cast 
which  is  apparently  a  Panopaea.  The  Balanus  is,  according  to  Steinmann, 
a  Verruca,  which  does  not  contradict  a  Cretaceous  age.  Dosinia,  which  is 
cited  as  a  further  proof  of  Tertiary  age,  occurs  in  the  Upper  Senonian  of 
New  Zealand.” 

Windhausen  has  given  eight  species  as  occurring  both  in  the  San  Jorge 
formation,  to  which  the  Roca  beds  belong,  and  in  the  Patagonian  Molasse, 
which  is  undoubtedly  Tertiary.  Wilckens  criticizes  each  alleged  occurrence, 
and  comes  to  the  conclusion  that  in  not  one  instance  is  the  identity  proved. 

The  case  for  a  Senonian  age,  as  favoured  by  Wilckens,  is  then  stated  : 
“  Of  twenty-five  genera  found  at  Roca  the  following  fifteen  occur  also  in 
the  Upper  Senonian  of  south  Patagonia,  Quiriquina,  Grahamland,  and  New 
Zealand  :  Nautilus,  Calyptraea,  Turritella,  Aporrhais,  Ostrea,  Pecten,  Modiola, 
Nucula,  Malletia,  Cucullaea,  CarcHum,  Phacoides,  Dosinia,  Tellina,  Panopaea. 
Of  the  other  ten,  Linthia,  Gryphaea,  Exogyra,  V enericardia,  and  Chione  occur 
in  the  Cretaceous  elsewhere  ;  the  alleged  Lutraria  is  apparently  a  Panopaea  ; 
the  Struthiolaria  is  doubtful ;  Pseudotylostoma  may  occur  anywhere ;  the 
Cantharidus  is  still  undescribed;  and  as  regards  the  Verruca,  see  above. 
The  numerous  Gryphaeas  and  Exogyras  indicate  the  Cretaceous.  On  the 
other  hand,  I  must  withdraw  as  erroneous  my  declaration  that  a  Trigonia 
occurs  at  Roca.  Windhausen  has  clearly  shown  also  that  ammonites  are 
wanting  in  the  Roca  beds.” 

According  to  Windhausen  the  San  Jorge  beds  are  the  deposit  of  a  South 
Atlantic  -  Antarctic  sea,  which  overflowed  the  site  of  a  South  Atlantic  land- 
mass,  and  which  was  bounded  on  the  north  by  the  continent  Arch-helenis, 
and  on  the  west  by  the  cordillera  region. 

“But  whence  came  this  sea  and,. its  fauna?  Windhausen  and  von 
Ihering  name  the  characters  South  Atlantic- Antarctic,  and  its  origin 
Antarctic.  A  comparison  with  the  present  Antarctic  molluscan  world 
can  naturally  not  be  meant  here.  A  fossil  marine  fauna  has  been  found 
in  the  Antarctic  only  at  Grahamland.  The  Cretaceous  and  Tertiary  of 
this  place,  however,  show  a  Magellanian  -  South  Pacific  affinity.” 

J.  M. 


By  Authority  :  Marcus  F.  Marks,  Government  Printer,  Wellington. 
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SOME  CHANGES  IN  THE  FAUNA  AND  FLORA  OF 
OTAGO  IN  THE  LAST  SIXTY  YEARS.* 

By  A.  Bathgate. 

The  changes  to  be  dealt  with  are  chiefly  the  disappearance  of  forms  of  life, 
and  it  would  add  an  interest  if  one  could  ascertain  the  causes  thereof,  but, 
though  these  are  manifest  in  many  cases,  in  others  they  are,  to  me  at  least, 
inexplicable.  Still,  I  shall  suggest  a  possible  cause  where  I  can  do  so.  I 
am  unable,  however,  to  account  for  the  disappearance  of  the  bats  ( Mystacops 
tuberculatus) ,  which  in  1863  and  for  at  least  ten  years  after  were  not 
uncommon  flitting  about  in  the  dusk  in  the  suburbs  of  Dunedin  ;  now  they 
are  almost  if  not  quite  extinct.  Lizards  (Lygosoma  moco)  were  numerous 
on  the  open  parts  of  the  Town  Belt,  where  grasshoppers  ( Hypamola  speciosa ) 
absolutely  swarmed.  The  introduction  of  English  birds,  especially  the  starling 
(. Sturnus  vulgaris),  accounts  for  the  almost  complete  extinction  of  the  latter 
throughout  Otago,  and  the  clearing  of  the  flax  ( Pkormium  tenax)  and  scrub 
from  the  more  open  spaces  of  the  Belt  must  undoubtedly  have  a  good  deal 
to  do  with  the  extirpation  of  the  former,  whilst  cats  and  boys  must  have 
aided.  The  imported  birds  are  also  responsible  for  annihilation  of  a  beetle 
of  a  bright  malachite  green  (Pyronota  f estiva),  myriads  of  which  in  summer 
almost  covered  the  twigs  of  the  manuka  ( Leptospennum  scoparium),  but  also 
transferred  their  attention  to  garden-plants,  notably  rose-bushes,  which  they 
considerably  damaged.  I  have  not  seen  a  single  specimen  of  that  beetle 
for  many  years.  On  the  other  hand,  the  brown  crepuscular  beetles  ( Odontria 
zealandicum  and  0.  striata ),  which  do  damage  in  our  gardens,  and  whose 
larvae  are  often  so  destructive  of  the  roots  of  many  plants,  have,  I  believe, 
greatly  increased  in  number,  owing  probably  to  the  loosening  of  the  soil 
by  tillage  and  the  introduction  of  many  plants  affording  suitable  food.  The 
cicadas  ( Melampsalta  muta ),  still  occasionally  heard,  were  very  abundant,  if 
they  did  not  quite  fill  the  air  with  their  noise  as  I  have  heard  them  do  in 
the  North  Island.  The  empty  pupa-cases  were  often  to  be  seen,  and  thev 
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larvae,  along  with  the  native  earth-worms  ( Maoridrilus  and  Octochaetus) , 
were  encountered  in  breaking  up  a  piece  of  virgin  ground.  Though  the 
introduced  earth-worm  ( Helodrilus  caliginosus)  had  arrived,  it  was  far  from 
abundant,  and  was  only  met  with  in  cultivated  ground.  As  the  cicadas 
were  conspicuous  insects  of  heavy  flight,  they  would  easily  fall  victims 
to  the  birds,  and  I  have  watched  a  sparrow  pecking  at  a  fluttering  cicada 
on  the  ground.  A  large  beetle  with  long  antennae  (P nonplus  reticularis), 
which  I  have  seen  many  years  ago  on  the  shop-windows  at  night  in 
Princes  Street,  where  it  was  attracted  by  the  light,  has  not  been  in  evidence 
for  years  in  the  immediate  neighbourhood,  though  it  is  still  to  be  found 
where  remnants  of  the  native  bush  linger.  The  local  disappearance  is  easily 
accounted  for  by  the  destruction  of  the  adjacent  forest,  as  its  larvae  bored 
in  the  timber-trees.  Of  the  butterflies,  a  little  blue  one  ( Chrysophanus 
boldenarum ),  another  one  ( Argyrophenga  antipodum)  resembling  the  British 
meadow-brown  (Coenonympha  davus ),  and  a  small  copper  ( Chrysophanus 
sallustius)  are  still  to  be  occasionally  seen,  but  were  much  more  abundant 
in  the  immediate  neighbourhood  of  Dunedin  than  they  are  now,  whilst 
the  red  admiral  (Vanessa  gonerilla)  is  as  frequently  to  be  seen  as  it 
was  fifty  years  ago.  No  doubt  increased  cultivation  of  grasslands  and 
grazing  are  responsible  for  the  lessening  of  the  numbers  of  the  three  first- 
named. 

When  resident  in  1866  at  Hamilton’s  Diggings,  situated  on  the  side  of 
the  Rock  and  Pillar  Range  at  an  elevation  of  about  1,500  ft.,  I  saw,  early 
in  the  summer  or  late  spring,  hordes  of  black  hairy  caterpillars  feeding 
wherever  the  grass  was  short  and  green,  as  alongside  tracks  and  on  the 
sides  of  the  miners’  water-races.  So  numerous  were  they  that  many  fell 
into  the  races  and  were  carried  in  numbers  down  the  streams.  These  later 
produced  a  strong-winged  diurnal-flying  moth,  closely  resembling  in  flight 
a  moth  I  knew  in  my  boyhood  in  Scotland  as  the  wood-tiger  moth  ( Nemeophila 
plantaginis) .  I  have  been  unable  to  identify  it  from  Hudson’s  New  Zealand 
Moths  and  Butterflies,  but  it  was  not  unlike  that  figured  under  the  name 
Metacrias  erichrysa,  though,  so  far  as  my  memory  serves  me,  it  is  not  quite 
the  same,  and  Mr.  Howes  suggests  that  it  was  probably  Metacrias  liuttoni 
or  M.  strategica.  I  have  heard  of  a  black  hairy  caterpillar  which  many 
years  ago  did  immense  damage  to  the  barley  crops  in  the  Oamaru  district, 
and  have  sometimes  wondered  if  it  were  the  same.  My  informant  was  the 
late  Mr.  John  Reid,  of  Elderslie,  who  stated  that  large  armies  of  these  cater¬ 
pillars  invaded  the  barley-fields  before  the  grain  was  ripe,  and  that  they 
climbed  the  stems  of  the  barley,  ate  them  through  just  underneath  the  ear, 
which  fell  to  the  ground,  when  the  caterpillar  also  dropped,  climbed  another 
stem,  and  repeated  the  operation.  So  numerous  were  they  that  they  ruined 
the  crop.  Whether  they  were  the  same  or  not,  the  barley-destroying  moth 
is  now  unknown,  thanks  possibly  to  the  starling  (Sturnus  vulgaris)  ;  and  I 
think  it  probable  that  the  caterpillars  I  saw  in  the  neighbourhood  of 
Hamilton’s  have  shared  the  same  fate,  but,  as  I  have  never  visited  the 
locality  since  I  left  it  in  the  end  of  1866,  I  am  unable  to  decide  the  question. 
Whilst  the  eradication  of  the  pest  was  popularly  attributed  to  the  starling, 
scientists  may  assert  that  no  bird  will  eat  woolly  caterpillars,  and  suggest 
that  ichneumon  flies  or  fungoid  diseases  may  be  the  cause  of  the  disappear¬ 
ance.  It  seems  to  me  that  such  causes  would  only  decimate  the  ranks  of 
the  caterpillars,  which  would  after  some  years  reattain  their  full  strength ; 
but  if  the  cause  were  a  new  enemy,  such  as  an  introduced  bird,  the 
destruction  would  be  more  complete.  Doubtless  the  hairy  covering  of  many 
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caterpillars  is  nature’s  provision  to  protect  them  from  enemies,  but  I  am 
inclined  to  think  that  the  assertion  that  no  bird  will  eat  woolly  caterpillars 
is  too  wide  in  its  terms,  and  that,  whilst  a  bird  might  reject  a  large  woolly 
caterpillar,  it  might  without  injury  to  its  digestive  organs  readily  eat  tiny 
specimens  just  hatched.  Whether  or  no,  the  fact  remains,  and  is,  I  think, 
pretty  well  established,  that  the  disappearance  of  the  caterpillars  coincided 
with  the  increase  of  the  starling.  The  moth  with  black  wings  spotted  with 
white  ( Nyctemera  annulata  was  much  more  commonly  to  be  seen  in  the 
neighbourhood  of  Dunedin  than  is  the  case  at  the  present  day,  which  is 
probably  due  to  the  extermination  by  cultivation  of  the  food  plant  of  the 
larvae.  While  this  may  be  the  case  in  this  locality,  it  is  very  different  in 
the  situation  where  the  introduced  weed  ragwort  ( Senecio  Jacobaea)  abounds, 
if  I  may  judge  from  what  I  saw  in  the  neighbourhood  of  Lumsden  a 
few  years  ago,  where  these  moths  were  very  abundant  and  the  larvae  were 
also  numerous,  feeding  on  the  ragwort,  which  evidently  afforded  a  suitable 
food-  upply,  and  this  resulted  in  these  moths  being  present  in  far  greater 
numbers  than  I  had  ever  seen  elsewhere. 

Native  blow-flies  ( Calliphora  quadrimaeulata )  were  very  much  more 
abundant  in  the  country  districts  than  they  are  now.  Mr.  Mieville,  who 
settled  in  the  Mataura  district  in  1854,  in  his  contribution  to  Pioneer 
Recollections,  collected  by  Mr.  H.  Beattie  (second  series),  says,  “  The  trouble 
of  pioneers  is  the  bluebottle-fly,  which  is  to  be  met  with  only  in  new  country, 
where  its  ravages  are  beyond  belief.”  He  gives  many  details  showing 
their  abundance  and  persistence  in  laying  their  eggs,  even  in  most  unlikely 
places,  and  concludes  by  adding,  “  Nothing  is  safe,  and  I  know  of  no 
remedy  except  civilization,  which  always  brings  the  common  house-fly, 
before  which  the  bluebottle,  for  some  unknown  reason,  retires/’  No  doubt 
they  were  very  abundant  in  “  new  country,”  but  in  my  experience  they 
continued  to  be  so  after  civilization  had.  invaded  their  territories  for  a 
decade  or  more,  though  the  house-fly  had  not  penetrated  there.  Whether 
there  was  more  than  one  species  I  cannot  tell,  but,  if  there  were,  they  all 
kept  near  the  ground,  for  every  digger’s  tent  or  hut  had  a  pole,  about  10  ft. 
or  12  ft.  in  height,  to  the  top  of  which  the  owner  hoisted,  not  his  country’s 
flag,  but  his  supply  of  mutton,  to  protect  it  from  the  blow-flies,  which, 
if  opportunity  offered,  might  deposit  their  eggs  on  his  blankets,  but  his 
mutton  escaped.  The  common  house-fly  ( Musca  domesticci),  which  had 
been  introduced  by  the  cattle-ships  from  Australia,  was  not  nearly  so 
plentiful  in  Dunedin  as  it  is  now,  and  up  country  was  in  many  places 
unknown. 

Turning  to  the  birds,  of  which  many  have  disappeared  from  Otago,  and 
especially  from  the  immediate  neighbourhood  of  Dunedin,  one  of  the  most 
striking  is  the  sudden  extinction  of  the  native  quail  ( Coturnix  novae-zea- 
landiae),  which  were  very  abundant  all  over  the  open  country.  Mr.  Mieville, 
in  his  leminiscences  already  quoted,  says,  “  Quail  (or  koreko)  shooting  was 
delightful  sport.  They  were  round  my  station  in  thousands.”  They  had 
ceased  to  be  in  evidence  before  I  visited  the  interior,  but  so  recently  that 
the  earlier  settlers  spoke  of  them  as  having  been  abundant  a  year  or  two 
before.  Sir  Walter  Buller  deals  with  the  subject  in  his  History  of  the  Birds 
of  Neiv  Zealand,  and  says,  “  Partly  owing  to  the  introduction  of  dogs, 
cats,  and  rats,  and  partly  to  the  prevalence  of  the  so-called  bush-fires,  or 
burning  of  the  runs  (a  necessary  incident  of  sheep-farming  in  a  new  country), 
the  quail  rapidly  disappeared.”  No  doubt  the  causes  mentioned  by  Sir 
Walter  largely  contributed  to  the  result,  but  they  do  not,  to  my  mind, 
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explain  the  suddenness  of  the  extinction,  of  which  I  repeatedly  heard.  '  For 
example,  Mr.  Walter  Shrimpton,  who  took  up  a  run  of  virgin  country  at 
the  head  of  Lake  Hawea  in  1865,  told  me  when  I  visited  him  in  1868  that 
a  year  or  two  before  quail  were  so  numerous  that  the  cats  would  bring  in 
two  or  three  a  day,  and  next  year  there  was  not  a  quail  to  be  seen.  When 
I  thought  of  writing  this  paper  I  wrote  to  Mr.  Shrimpton,  who  now  lives 
in  Hawke’s  Bay,  and  in  his  reply  he  writes,  “  The  fires  must  have  destroyed 
large  numbers  of  them,  and  also  swept  away  for  a  time  their  shelter. 
A  few  quail  were  seen  after  the  large  fires,  but  only  for  a  year  or  two.”  And 
he  adds,  “  Evidently  something  other  than  the  fires  (as  they  disappeared 
so  suddenly  and  so  completely)  must  have  been  an  element  in  their 
destruction.”  Some  doubtless  fell  victims  to  dogs  as  well  as  to  cats.  The 
late  Mr.  James  Murison,  on  whose  run  on  the  Maniototo  Plain,  which  he 
took  up  in  1858,  the  quail  had  been  plentiful  before  1866,  when  I  was  there, 
had  a  dog  which,  when  it  flushed  a  quail,  would  follow  it  at  a  leisurely  pace, 
put  up  the  bird  a  second  time  and  again  follow  it.  When  it  raised  it  the 
second  time  it  would  follow  as  fast  as  it  could  run,  and  almost  invariably 
caught  the  quail  as  it  came  down  ;  but  I  hardly  think  that  many  dogs 
discovered  the  fact  that  the  quail  was  not  strong  on  the  wing  and  that  three 
flights  were  enough  to  tire  it.  Moreover,  dogs  were  plentiful  before  settlers 
invaded  the  virgin  country,  for  wild  dogs  were  so  numerous  in  the  interior 
of  Otago  as  to  cause  serious  losses  to  the  early  runholders.  Mr.  Watson 
Shennan,  who  died  recently,  whose  interesting  reminiscences  were  published, 
along  with  those  of  others,  some  years  ago  in  a  pamphlet  entitled  Tapanui 
Station,  icith  some  Early  Otago  Pioneering  Experiences,  mentions  that  “  rats 
and  mice  swarmed  ” ;  and  in  speaking  of  the  wild  dogs  says,  “  The  dogs 
seemed  to  frequent  the  banks  of  the  river  (Manuherikia)  for  the  purpose 
of  catching  their  food.  They  had  well-beaten  tracks  along  each,  bank  of 
the  river,  and  their  principal  food  was  rats  and  mice,  but  they  often  managed 
to  catch  a  paradise  duck  asleep.  I  have  frequently  found  duck  bones  and 
feathers  on  the  river-bank.”  x4s  Mr.  Shennan  was  the  first  man  to  take  up 
a  sheep-run  in  the  Manuherikia  Valiev,  this  shows  that  both  rats  and  dogs 
were  numerous  before  the  advent  of  anv  settlers ;  and  their  numbers  were 
reduced  rather  than  increased  by  settlement,  for  the  early  runholders  waged 
a  constant  war  on  the  wild  dogs.  These  facts  seem  to  indicate  that  neither 
dogs  nor  rats  were  important  factors  in  causing  the  disappearance  of  the 
quail,  which  were  still  abundant  for  several  years  after  the  date  of  which 
Mr.  Shennan  speaks.  As  for  “  bush-fires,”  though  they  must  have  destroyed 
hundreds  of  the  birds,  there  were  always  large  areas  which  were  not  burned, 
and  a  tract  once  burned  would  not  be  fired  again  for  several  years,  so  that 
refuges  for  the  remnant  of  the  quail  would  always  exist. 

All  these  factors  were  no  doubt  contributing  agencies,  but  do  not  explain 
to  my  satisfaction  the  suddenness  of  the  extinction  of  the  quail.  Sir  Walter 
Buller  gives  an  instance  of  this  in  his  work  already  referred  to,  by  recounting 
information  supplied  to  him  by  Sir  Edward  Stafford,  who,  about  1848,  with 
two  friends  in  one  day’s  shooting,  shot  29^  brace  about  thirty  miles  from 
Nelson.  “  In  the  hope  of  preserving  the  game  he  prohibited  any  shooting 
over  that  ground  during  the  following  year,  but  in  the  ensuing  season,  when 
he  naturally  looked  for  some  good  sport,  there  was  not  a  quail  to  be  found.” 
The  only  theory  I  can  suggest  is  that,  besides  the  causes  already  mentioned, 
there  may  have  been  some  disease,  introduced  probably  by  the  domestic 
fowl,  which  were  but  little  affected  by  it,  but  which  when  transferred  to  the 
quail  became  virulent  and  fatal.  The  fact  that  the  disappearance  of  the 
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quail  seems  to  have  occurred  in  Nelson,  an  early  settlement,  a  good  many 
years  before  it  took  place  in  Otago  lends  some  colour  to  this  view.  On 
the  other  hand,  the  only  quail  I  ever  saw  in  the  flesh  were  three  which 
were  shot  in  1870  at  Waitati  (or  Blueskin,  as  it  was  then  called),  which  was 
a  much  more  settled  district  than  localities  in  the  interior  whence  the  birds 
had  disappeared  many  years  before  ;  but  it  is  possible  that  these  may  not 
have  been  native  quail  as  was  supposed,  but  Australian  quail  ( Synoecus 
australis),  which  were  imported  here  in  1868  and  1870.  Any  of  the  causes 
first  given  would  account  for  the  gradual  extinction  of  this  bird  in  any 
locality,  but  a  virulent  epidemic  would  explain  its  suddenness.  It  is, 
however,  fruitless  to  speculate  nowadays  on  such  a  phenomenon,  which 
must,  I  suppose,  remain  a  mystery. 

The  burning  of  the  native  grasslands  is  certainly  the  cause  of  the 
extinction  of  the  fern-bird  (Sphenoeacus  punctatus) — never,  I  believe,  nearly 
so  numerous  as  the  quail,  and  which  I  never  either  saw  or  heard  in  the 
immediate  vicinity  of  Dunedin,  though  it  was  not  uncommon  in  the  Moly- 
neux  Valley  and  other  inland  districts.  It  was  oftener  heard  than  seen, 
its  cry  “  utick  ”  being  unmistakable.  It  evidently  emitted  a  strong  scent, 
as  dogs  used  to  get  quite  excited  and  hunt  for  these  birds  among  the  clumps 
of  strong  fern  and  rough  herbage,  and  they  probably  bore  a  part  in  their 
extermination. 

The  weka,  or  Maori-hen,  as  it  was  usually  called  ( Ocydromus  australis), 
another  bird  of  the  open  country,  which  is  now  only  met  with  occasionally 
in  far-back  regions,  was  plentiful  and  widely  distributed  throughout  the 
province,  but  the  stoats  and  weasels  have  killed  it  off,  as  they  have  done 
the  native  robin  ( Miro  albifrons).  I  do  not  recall  having  ever  seen  a 
robin  in  the  bush  near  Dunedin,  but  I  first  made  its  acquaintance  in 
a  bush  growing  in  a  gully  on  the  Beaumont  Station,  in  the  Lawrence 
district.  Robins  were  plentiful  in  the  beech  forests  of  the  Wakatipu 
district ;  but  the  last  time  I  was  in  that  locality  not  one  was  visible,  and 
on  speaking  to  a  resident  at  the  head  of  the  lake  he  informed  me  he  had 
not  seen  one  for  years. 

Probably  the  almost  complete  disappearance  of  the  yellow-breasted 
tit  (Petroeca  macrocephala)  from  the  immediate  neighbourhood  of  the  city 
is  due  to  the  same  cause.  I  am  informed  they  are  still  to  be  seen  on 
the  Opoho  Hill,  but  formerly  they  were  pretty  numerous  about  the  Town 
Belt  and  in  suburban  gardens.  They  are  now  only  rare  visitants  in 
the  winter,  when  the  bell-bird  (Author  nis  melanura),  or  mokomoko,  as  it 
was  called  by  the  Otago  Maoris  (not  makomako,  as  in  the  North),  also 
visits  us.  Yet  in  1864  and  for  some  years  after  this  bird  was  as 
numerous  all  round  the  city  as  thrushes  and  blackbirds  are  now,  if  not 
more  so.  In  those  days  I  began  collecting  bird-skins  and  noted  down  a 
few  particulars,  such  as  the  colour  of  the  eyes,  and  in  the  book  the 
remark  opposite  the  bell-bird  was  “  common,”  which  confirms  my 
recollection.  Indeed,  I  can  well  recall  being  (like  Captain  Cook  in  Queen 
Charlotte  Sound)  awakened  by  the  concert  of  the  bell-birds  when  living 
at  Montecillo,  just  across  the  Town  Belt,  as  near  the  house  there  were 
some  remnants  of  native  bush  as  well  as  blue-gum  trees  ( Eucalyptus 
globulus)  in  flower. 

The  tui  ( Prosthemadera  novae-zealandiae) ,  which  also  occasionally  visits 
our  gardens,  was  not  nearly  so  numerous  as  the  bell-birds,  but  was  certainly 
a  much  more  frequent  visitor  than  it  is  now.  Parakeets  were  abundant, 
both  the  red-fronted  (Cyanorhamphus  novae-zealandiae)  and  the  yellow- 
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fronted  ( C .  auriceps )  species,  the  former  being  the  commoner.  For  some 
years  they  were  continuous  residents  in  the  bush  at  the  Glen,  Mornington  ; 
then  they  became  frequent  visitants,  but  now  they  have  disappeared  from 
all  over  the  province.  Even  kaka  ( Nestor  meridionalis )  and  pigeons 
(Hemiphaga  novae-zealandiqe )  were  at  times  to  be  seen  in  the  suburbs,  and 
were  abundant — more  especially  the  former— in  the  native  forests  which 
then  covered  many  of  the  surrounding  hills,  the  clearing  of  which  accounts 
for  their  total  disappearance  from  our  neighbourhood.  This  cause  is  also 
responsible  for  the  extinction  of  the  canary  ( Mohua  ochrocephala) ,  of  which 
I  have  seen  large  flocks  travelling  along  amongst  the  tree-tops  on  Pine 
Hill.  Kingfishers  ( Halcyon  vagans)  were  not  uncommon  about  Pelichet 
Bay,  whence  they  have  been  driven  probably  by  the  increased  settle¬ 
ment  there.  Fantails,  both  the  pied  ( Rhipidura  fabellifera)  and  the  black 
(. R .  fuliginosa),  were  abundant.  I  can  remember  a  nest  in  the  Glen  bush,  the 
builders  of  which,  I  felt  certain,  were  a  pied  and  a  black  one.  They  are 
not  uncommon  still  in  the  valley  of  the  Leith,  and  visit  suburban  gardens 
occasionally  in  winter,  but  are  much  less  numerous  than  they  were  once. 
The  wax-eye  ( Zosterops  lateralis),  too,  used  to  build  in  the  bush  on  the  Belt, 
and  even  in  suburban  gardens,  and  was  decidedly  more  abundant  than  is 
the  case  now.  The  only  native  bird  which  has  held  its  own  is  the  riroiiro, 
or  grey  warbler  (Pseudog  erg  gone  igata),  whose  plaintive  song  is  quite  as 
often  to  be  heard  as  formerly. 

The  ground-lark  ( Anthus  novae-zealandiae)  has  practically  ceased  to 
be  a  denizen  of  the  Town  Belt  ;  and  in  the  interior,  though  much  less  a 
common  object  of  the  country,  it  may  still  be  seen  running  along  in  front 
of  a  horseman  riding  along  a  track  through  the  open  grassland.  Its  place 
on  the  Belt  has  to  some  extent  been  taken  by  the  introduced  skylark 
(. Alauda  arvensis),  but  they  are  less  numerous  than  the  ground-lark  once 
was. 

Other  birds  which  were  occasionally  seen  have  disappeared,  but,  not 
being  such  familiar  objects,  have  not  impressed  themselves  on  my  memory 
to  the  same  extent.  I  recall,  however,  a  pretty  little  rail  ( Hypotaenidia 
philippensis )  which  was  taken  in  the  bush  at  Littlebourne.  Being  a  shy, 
secretive  bird,  it  was  probably  only  one  of  many  living  about  the  outskirts 
of  the  city. 

Bird-life  in  Central  Otago  was  fairly  abundant  when  I  lived  there,  but 
I  am  unable  to  speak  of  the  changes  from  personal  observation,  as  since 
1869  I  have  only  occasionally  visited  the  district,  and  some  of  the  birds, 
such  as  the  banded  dotterel  (Charadrius  bicinctus),  were  seasonal  visitants 
only.  Some  idea  of  the  changes  may,  however,  be  realized  by  those 
familiar  with  the  country  now  by  my  giving  the  purport  of  some  notes 
received  from  Mr.  Noel  Buchanan,  who  lived  at  Pateroa  Station,  on 
the  Maniototo  Plain,  in  1862.  The  Taieri  then,  he  says,  was  a  “  bright 
translucent  stream,”  and  at  every  bend  of  the  river  (and  they  were 
numerous)  “  there  was  a  bank  of  clean  small  gravel,  and  on  these  flocks 
of  waders  and  other  birds  disported  themselves.  Those  which  I  remember 
clearly  were  dotterel,  golden  plover,  pied  stilts,  and  the  pied  redbill  (or 
oyster-catcher),  all  running  up  and  down  on  the  beaches,  and  swarms  of 
terns  sitting  around  or  whirling  over  the  river,  now  and  then  dipping  to 
catch  something  out  of  the  water.  In  the  swamps  and  lagoons  back  from 
the  river  were  a  good  many  pukeko,  and  along  the  river  not  infrequent 
bitterns  ;  on  the  open  plains  large  flocks  of  paradise  duck.  On  the 
lagoons  and  river-bends  grey  duck,  shovellers,  and  teal  were  numerous. 
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Weka  were  plentiful  among  the  rocks  and  scrub  in  the  gorge  near  the 
Styx,  as  also  blue  duck,  an  odd  kingfisher  now  and  then,  with  a  few  fantails 
and  tomtits.  The  little  grebe  (or  dabchick)  was  not  uncommon  in  the 
quiet  reaches  of  the  river  or  deeper  lagoons.  The  native  ground-lark 
was  abundant.  Both  the  pied  oyster-catcher  and  the  dotterel  used  to 
breed  on  the  top  of  almost  bare  terraces,  among  the  stones  and  sparse 
tussocks.” 

Although,  according  to  Buller,  the  black  oyster-catcher  is  far  more 
abundant  in  the  southern  parts  of  New  Zealand  than  the  pied  species,  it 
is  remarkable  that  Mr.  Buchanan  never  saw  either  a  black  oyster-catcher 
or  a  black  stilt  on  the  Maniototo.  Mr.  Buchanan  also  mentions  that  the 
grass  on  the  hills  swarmed  with  grasshoppers,  and  cicadas  were  abundant, 
as  also  were  lizards  of  at  least  two  species  among  the  spear-grass  and  on 
rocky  ground,  and  on  the  hilltops  a  much  larger  one,  which  he  estimates 
as  about  9  in.  long,  and  conspicuously  marked  with  yellow  on  a  brownish 
ground. 

So  far  as  my  cursory  observations  go,  I  feel  sure  that  several  of  the  birds 
mentioned  are  not  now  to  be  found  in  Central  Otago,  and  the  numbers  of 
others  have  been  greatly  diminished.  The  cause,  so  far  as  the  water-birds 
are  concerned,  must  be  largely  due  to  the  pollution  of  the  river  by  the 
gold-mining  operations,  which,  if  they  did  not  (as  was  probable)  exterminate 
many  forms  of  life  affording  food  for  the  birds,  by  rendering  the  water 
opaque  and  covering  the  gravel  beaches  with  a  deposit  of  sludge  would 
prevent  the  birds  from  seeing  and  capturing  their  prey.  Now  that  gold¬ 
mining  is  on  the  wane  the  water  is  not  quite  so  muddy  as  it  was,  but  I  fear 
it  will  not  recover  its  pristine  purity,  for  in  the  old  days  the  hills  were 
covered  with  scrub  and  grass,  of  which  every  tussock  was  surrounded  by 
a  mat  of  decaying  leaves,  through  which  the  rain-water  slowly  percolated  ; 
but  now,  owing  to  the  denudation  of  the  slopes,  the  rain  rushes  down  with 
greater  violence,  carrying  with  it  much  of  the  soil.  Only  the  afforestation 
of  the  hills  could  restore  the  purity  of  the  stream,  and  if  that  were  done 
it  would  also  do  much  to  minimize  the  extent  of  the  floods  on  the  Taieri 
Plain. 

The  botanical  changes  are  many  and  varied,  and  I  am  unable  to  deal 
with  the  suppression  of  many  of  the  lowlier  natives  by  the  aggressive 
foreigners.  The  Town  Belt  when  I  first  knew  it  was  almost  wholly  clothed 
with  indigenous  vegetation,  which,  so  far  as  the  open  spaces  are  concerned, 
has  been  in  very  large  measure  supplanted  by  exotics.  These  open  spaces 
were  mainly  occupied  by  the  native  flax  (Phormium  tenax)  (which  at  the 
south  end  of  the  Belt  was  cleared  off  by  the  earliest  golf  club),  interspersed 
with  dwarf  shrubs,  mostly  small-leaved  coprosmas,  while,  between  these, 
native  grasses  and  other  native  plants  covered  the  ground.  White  clover 
( Trifolium  repens )  had  begun  to  intrude,  and  grew  in  dampish  hollows  and 
alongside  the  tracks,  but  cocksfoot  ( Dactylis  glomerata )  and  the  so-called 
capeweed  ( Hypochoeris  radicata),  now  so  abundant,  had  not  gained  a  footing. 
The  chief  change  in  the  neighbourhood  of  Dunedin  is  the  annihilation 
of  the  great  forest  which  covered  the  Peninsula  and  extended  on  the 
northern  shore  of  the  harbour  from  the  Heads  to  about  Ravensbourne,  and 
thence  back  over  the  summit  of  Mount  Cargill  to  Waitati.  Skirting  the 
upper  end  of  the  North-east  Valley,  it  covered  Pine  Hill,  and,  dropping 
into  the  valley  of  the  Leith,  which  it  filled,  climbed  upwards,  clothing  the 
slopes  of  Flagstaff,  where  a  remnant  still  exists,  as  do  some  others  in 
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isolated  places.  It  was  all  a  mixed  forest,  and  though  I  cannot  give  details 
of  its  composition  I  may  enumerate  a  few  of  the  trees  which  composed  it. 
Of  the  pines  which  grew  in  large  numbers  throughout  the  greater  part  of 
it,  the  red-pine  or  rimu  ( Dacrydium  cupressinum),  the  miro  ( Podocarpus 
ferruginous),  and  the  black-pine  or  matai  (P.  spicatus )  were  the  most 
abundant,  with  fewer  white-pines  (P.  dacrydioides )  and  still  fewer  totara 
(some  P.  totara ,  but  probably  mostly  P.  Hallii).  On  the  higher  levels,  in 
place  of  these,  the  cedar  ( Librocedrus  Bidwillii)  and  Phyllocladus  alpinus 
were  abundant.  Towards  the  head  of  the  North-east  Valley  a  considerable 
quantity  of  tree-manuka  ( Leptospermum  ericoides )  grew  ;  and  one  of  the 
ribbonwoods  ( Plagianthus  divaricatus),  which  used  to  be  common  all  round 
Pelichet  Bay  and  elsewhere  near  the  head  of  the  harbour,  is  almost  extinct 
there.  Besides  the  broadleaf  ( Griselinia  littoralis),  fuchsia  (P.  excorticata) 
hinahina  ( Melicytus  ramifiorus),  and  other  widely  distributed  trees,  an 
occasional  pokaka  ( Elaeocarpus  Hookerianus )  and  pennantia  (P.  corymbosa) 
were  to  be  found.  A  solitary  birch,  as  it  was  called  ( Nothofagus  Menziesii), 
grew  in  the  bush  just  above  where  Ravensbourne  now  is,  and  there  were 
a  few  trees  of  the  same  species  on  the  saddle  above  Ross  Creek  reservoir, 
some  of  which  still,  I  think,  exist. 

The  forest  which  filled  the  Leith  Valley  was  wonderfully  open,  the 
supplejack  ( Rhipogonum  scandens)  being  almost  entirely  absent  and 
occurring  in  but  limited  areas.  The  fern-growth  was  most  luxuriant,  and 
various  filmy  ferns,  chiefly  Hymenophyllum  demissum  and  H.  dilatatum 
covered  large  areas,  carpeting  the  ground  and  running  up  tree-trunks,  whilst 
the  stems  of  the  tree-ferns  were  draped  with  others,  such  as  H.  rarum  and 
Trichomanes  venosum.  The  tree-ferns,  often  lofty,  were  numerous,  and 
were  chiefly  Dicksonia  fibrosa  (which  we  then  knew  as  D.  antarctica), 
D.  squarrosa,  and  Hemitelia  Smithii.  The  beautiful  silver  tree-fern  ( Cyathea 
dealbata)  did  not  occur  there,  but  was  abundant  on  the  Peninsula  and  in 
the  forest  on  the  northern  side  of  the  harbour.  I  remember  splendid  groves 
of  it  which  grew  at  the  foot  of  the  hill  where  the  mountain  begins  to  rise 
from  the  level  in  Sawyer’s  Bay.  Alsophila  Colensoi  grew  above  the  bush¬ 
line  on  Flagstaff,  where  it  still  grows,  but  of  the  others  few  remain.  Todea 
hymenophylloides  was  abundant,  as  higher  up  the  valley,  near  the  saddle, 
was  T .  superba.  It  grew  so  profusely  as  to  quite  cover  the  ground  over 
large  areas. 

I  need  not  dwell  on  the  ferns  of  the  neighbourhood,  some  of  which  were 
rare  and  extremely  limited  in  distribution,  as  I  append  a  list  of  the  ferns 
I  collected  within  an  afternoon’s  walking-distance  around  Dunedin  in  the 
later  “  sixties  ”  and  early  “  seventies  ”  of  last  century,  several  of  which 
are  not  now  to  be  found  in  the  neighbourhood.  It  may  not,  however,  be 
devoid  of  interest  if  I  specially  mention  a  few  of  those  which  were  very 
limited  in  their  distribution.  Davallia  novae-zealandiae  was  found  in  only 
one  small  patch  near  the  edge  of  the  bush  where  the  road  to  Waitati  begins 
to  descend  thence  after  traversing  the  saddle.  Gleiclienia  Cunninghamii 
occurred  in  one  place  a  considerable  distance  up  the  Leith  Valley,  and 
also  similarly  over  Flagstaff,  near  Whare  Flat.  Nephr odium  velutinum  and 
N.  decompositum  were  met  with  in  a  few  places  only,  the  former  on  the 
Town  Belt  near  where  the  road  to  the  Northern  Cemetery  enters  the  Belt, 
the  southern  slope  of  Woodhaugh,  and  at  Macandrew’s  Bay,  and  the  latter 
also  at  Woodhaugh,  the  head  of  Tomahawk  Lagoon,  and  on  the  harbour- 
side  some  way  below  where  Ravensbourne  now  is.  Asplenium  fiahellifolium 
and  A.  Hookerianum  grew  on  the  rocks  on  the  banks  of  the  Leith  near 
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where  George  Street  bridge  now  crosses  the  stream,  at  Anderson’s  Bay, 
Pelichet  Bay,  and  towards  Brighton.  Cheilanthes  tenuifolia  was  confined 
to  the  cliffs  (since  greatly  cut  away)  on  the  southern  side  of  the  entrance 
to  Anderson’s  Bay.  Hymenopliyllum  Malingii  was  plentiful  near  the  summit 
of  Mount  Cargill,  where  a  little  of  it  may  still  be  found.  H.  pulcherrimum 
I  found  only  in  Morrison’s  Creek,  a  tributary  of  the  Leith,  while 
H.  aeruginosum  (now  called  H.  subtillissimum)  occurred  sparsely  in  a  gully 
near  Burke’s.  Pellaea  rotundifolia  grew  in  one  or  two  spots  in  the  bush  on 
the  steep  face  between  the  road  to  the  Northern  Cemetery  and  the  Botanical 
Gardens,  also  in  the  Leith  Valley  and  near  Tomahawk.  The  beautiful 
trailing  lycopodium  ( L .  volubile)  was  not  uncommon  in  the  scrubby  bush 
round  Dunedin,  but  owing  to  its  adaptability  for  purposes  of  church  and 
ball-room  decoration  it  has  been  completely  eradicated  in  the  immediate 
neighbourhood,  though  it  still  grows  farther  afield,  as  at  Whare  Flat  and 
elsewhere.  The  sweet-scented  clematis  (C.  foetida )  flourished  on  the  Cattle- 
market  Reserve,  now  Montpelier,  and  parsonsia  (P.  heterophylla)  was 
more  abundant  on  the  Belt  than  it  is  now.  One  plant  of  which  the 
extinction  would  not  be  a  matter  for  regret  is  the  tree-nettle  (Urtica  ferox). 
The  only  place  where  I  knew  it  to  grow  close  to  Dunedin  was  the  shallow 
gully  or  hollow  above  what  is  known  as  the  Second  Beach  at  St.  Clair.  Tt 
is,  I  am  informed,  still  abundant  on  the  Portobello  Peninsula. 

Away  from  the  city  the  changes  are  many,  and  even  more  marked, 
especially  in  Central  Otago,  where  excessive  and  ill-timed  burning  of  the 
country  and  the  spread  of  rabbits  have  changed  the  very  appearance  of 
the  landscape.  Originally  it  was  well  grassed,  with  a  good  deal  of  scattered 
scrub  chiefly  in  the  gullies.  Now  in  many  parts  even  the  hardy  tussock 
( Poa  caespitosa )  has  disappeared,  leaving  the  earth  bare,  or  perhaps  occu¬ 
pied  by  the  native  scabweed  ( Raoulia  lutescens)  or  the  introduced  so-called 
star-thistle  {Centaur ea  Calcitrapa).  For  example,  the  gorge  between  Clyde 
and  Cromwell,  now  bare  and  barren  looking,  when  I  was  familiar  with  it 
in  1868  had  an  abundance  of  tussock  and  other  grasses,  including  one  known 
locally  as  oat-grass  ( Danthonia ,  species  probably  flavescea s) ,  which  grew 
plentifully  among  the  rocks  on  the  lower  slopes,  where  Captain  Cook  cabbage 
( Brassica  oleracea )  was  also  found  in  such  quantity  that  I  have  known  it  to 
be  gathered  when  young  to  be  used  as  a  vegetable.  The  change  which  has 
taken  place  can  be  realized  by  any  one  who  knows  the  country  now,  by 
comparing  the  present  condition  of  the  Manuherikia  Valley  with  the  descrip¬ 
tion  given  in  the  reminiscences  of  Mr.  Watson  Shennan,  who,  when  he  first 
reached  the  valley,  exclaimed  to  his  brother,  “  Here  is  the  country  we  are 
looking  for  ;  a  land  well  grassed  and  watered,  a  very  land  of  promise.” 
That  promise  has  not  been  fulfilled  as  yet,  for  the  flat  ground  on  Galloway 
Station,  which  they  then  took  up  as  a  sheep-run,  when  I  last  saw  it  was 
almost  devoid  of  vegetation  except  where  a  little  irrigation  had  been  done ; 
but  when  the  irrigation  schemes  now  in  progress  are  completed  I  have  no 
doubt  the  promise  will  be  more  than  fulfilled,  but  in  a  manner  which 
Mr.  Shennan  probably  never  imagined.  Besides  the  grass,  a  good  deal  of 
scrub  grew  there,  for  Mr.  Shennan  says,  “  That  night  I  camped  on  the 
banks  of  the  Manuherikia  River.  It  was  an  ideal  camping-place,  with 
plenty  of  green  grass  for  the  horses,  scrub  for  fuel,  and  a  river  of 
the  purest  water  to  drink.”  He  further  states  that  he  explored  the 
surrounding  country  as  far  as  to  where  Clyde  now  stands,  and  he  “  found 
the  country  all  well  grassed  and  watered,  sufficient  scrub  for  fuel  for  many 
years,  but  no  bush  or  timber.”  How  different  it  is  now  any  visitor  to  the 
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locality  will  realize.  One  element  of  the  scrub  in  the  river-bed  was  Veronica 
cupressoides,  as  1  received  from  the  late  Mr.  J.  H.  Rolland,  one  of  the  owners 
of  Blackstone  Hill  Station,  several  young  plants  of  that  veronica,  which  he 
forwarded  to  me  in  Dunedin  in  response  to  my  request,  after  he  had  told 
me  of  the  handsome  shrub  which  grew  there.  Probably  Olearia  virgata 
was  also  represented,  as  1  can  recall  seeing  quite  a  grove  of  that  shrub 
growing  to  a  height  of  some  10  ft.  or  12  ft.  in  a  gully  in  the  Molyneux 
Valley  some  distance  below  Roxburgh.  The  wild-irishman  ( Discaria 
toumatou),  too,  attained  a  greater  stature  and  was  more  abundant  than  now. 
It  seems  to  have  resisted  extermination  better  than  any  of  the  ligneous 
plants  which  grew  in  the  interior.  The  Corokia  Cotoneaster.  I  feel  sure, 
grew  there  also,  as  it  did  in  considerable  abundance  in  the  Maniototo 
district.  One  or  more  species  of  Carmichaelia  also  grew  there. 

As  illustrating  the  abundance  of  woody  shrubs,  chiefly  in  the  mountain- 
gullies,  I  may  add  that  when  living  at  Cromwell  in  1868  I  knew  a  man, 
popularly  known  as  Charcoal  Joe,  who  had  made  more  than  a  living,  before 
the  road  was  made  which  allowed  the  wagons  to  reach  the  locality,  by 
burning  charcoal,  which  he  sold  at  a  high  price  to  the  blacksmiths.  A 
gully  on  the  range  across  the  river  bore  the  name  of  “  Firewood  Gully.” 
The  use  of  scrub  for  such  purposes  quickly  eradicated  the  larger  bushes, 
and  the  frequent  burnings  by  the  runholders  pretty  well  completed  the 
destruction.  Mr.  Watson  Shennan  told  me  that  when  he  and  his  brother 
first  travelled  over  the  Lammerlaw  in  search  of  sheep-country  they  found 
a  good  deal  of  scrub,  which  has  since  vanished.  At  the  lower  levels  on  the 
side  facing  the  Molyneux  it  wTas  chiefly  manuka  ( Leplospermum  scoparinm). 
When  camping  at  the  Dismal  Swamp  on  the  Lammerlaw  in  1865,  when  on  a 
duck-shooting  expedition  with  a  friend,  we  found  sufficient  charred  stems 
of  a  shrub  to  furnish  fuel  for  our  cooking.  From  the  manner  in  which  they 
lay,  in  circular  form,  they  suggested  to  me  then  that  they  were  the  remains 
of  some  species  of  veionica  ;  but  I  saw  nothing  which  had  escaped  the  fire 
to  confirm  my  surmise.  The  same  cause  has  resulted  in  the  diminution 
of  the  spear-grass  ( Aciphylla  Colensoi)  on  our  mountains.  It  often  grew  so 
closely  that  it  was  unpleasant  either  to  walk  or  ride  through  it.  Sheep 
and  rabbits  have  greatly  lessened,  though  they  have  not  quite  exterminated, 
the  native  anise  ( Angelica  Gwgidium),  which  I  remember  seeing  growing 
abundantly  in  the  Molyneux  Valley  near  the  mouth  of  the  Waitahuna 
Stream.  The  abundance  of  tutu  ( Coriaria  ruscifolia  and  C.  thymifolia)  also 
has  been  very  much  lessened,  chiefly  owing  to  cultivation.  Nowadays  one 
does  not  hear  of  the  losses  through  tutu  poisoning  of  sheep  and  cattle, 
especially  working-bullocks,  which  were  so  frequently  spoken  of  in  the 
“  sixties  ”  ;  but  it  is  not  owing  to  cultivation  alone  that  the  extent  of  its 
distribution  has  been  lessened,  as  even  on  uncultivated  ground  much  of  it 
has  disappeared,  probably  owing  to  burning,  and  possibly  the  treading  of 
stock. 

These  are  some  of  the  changes  which  have  taken  place  in  the  last  fifty 
years,  but  there  must  be  many  more,  especially  in  the  lowlier  forms  of  life, 
both  animal  and  vegetable,  which  my  lack  of  scientific  knowledge  has 
precluded  me  from  recognizing.  The  Hon.  G.  M.  Thomson  has  supplied 
me  with  a  few  notes  as  to  plants  formerly  to  be  found  cn  the  Town  Belt,  as 
follows :  “  The  March-flowering  gentian  ( Gentiana  GrisebacJiii)  and  the 
kidney-shaped  orchid  with  the  spider-like  flowers  ( Corysanthes  macrantha), 
once  common,  are  now  rare  or  extinct  there.  Another  orchid  ( Gastrodia 
Cunninghamii)  used  to  be  common  on  the  wooded  portions  of  the  Belt,  but 
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me? 

has  not  been  seen  for  years. ”  He  also  mentions  that  Discaria  toumatou  and 
Schefflera  digitata  were  common  there,  and  he  is,  I  am  sure,  correct,  though 
I  cannot  personally  recall  the  fact.  The  only  locality  that  I  can  associate 
with  the  Schefflera  is  the  bush  above  Port  Chalmers. 

I  have  not  attempted  to  deal  with  the  animals  or  plants  which  either 
accidentally  or  wilfully  have  been  introduced  into  the  Dominion  and  have 
led  to  the  extermination  or  suppression  of  many  native  forms  of  life,  but 
I  trust  that  my  recollections  of  some  of  the  changes  I  have  seen  may  prove 
of  interest,  and  may  be  of  some  little  value. 


List  of  Ferns  collected  in  the  Neighbourhood  of  Dunedin  from 

1869  to  1874. 


Gleichenia  C unninghamii. 
Cyathea  dealbata. 

Hemitelia  Smithii. 

Alsophila  Colensoi. 

Dicksonia  squarrosa. 

- fibrosa. 

Hymenophyllum  tunbridgen se. 

- var.  unilaterale. 

-  bivalve . 

- — - —  multifidum. 

— - — -  rarum. 

- polyanthos. 

-  dilatatum. 

-  pulcherrimum. 

-  demissum. 

— - — •  scabrum. 

- flabellatum. 

-  subtilissimum. 

- Malingii. 

Trichomanes  venosum , 
Davallia  novae-zealandiae . 
Adiantum  affine. 

Hypolepis  distans. 

-  millefolium. 

Cheilanthes  tenuifolia. 

Pellaea  rotundifolia. 

P ter  is  aquilina. 

-  scaberula. 

- incisa. 

Lomaria  Patersoni. 

-  discolor. 

-  vulcanica. 


Lomaria  lanceolata. 

-  alpina. 

- Banksii. 

— —  procera. 

- fiuviatilis. 

- membranacea. 

A  splenium  fi  abellifoliu  m . 

- obtusatum. 

— —  lucidum. 

- - —  var.  Lyallii. 

- Hookerianum. 

- bulbiferum. 

-  Richardi. 

■  - fiaccidum. 

Aspidium  aculeatum. 

■  - Richardi. 

-  capense. 

Nephrodium  decomposilum. 

-  velutinum. 

-  hispidum. 

Polypodium  punctatum  var.  rugu 
losum. 

Poly  podium  pennigerum. 

-  australe. 

-  grammitidis. 

- serpens. 

- - Billardieri. 

Todea  hymenophylloides. 

— - —  superba. 

Ophioglossum  vulgatum. 

Botrychium  ternatum. 
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LITTLE  BARRIER  ISLAND  BIRD-SANCTUARY. 

By  W.  R.  B.  Oliver,  F.L.S.,  F.Z.S.,  Dominion  Museum. 

With  illustrations  by  the  author. 

One  needs  but  to  spend  a  week  or  two  on  Little  Barrier  Island  to  realize 
the  success  which  has  attended  its  isolation  as  a  bird-sanctuary  and  the 
wisdom  of  the  Government  of  New  Zealand  in  its  policy  of  giving  pro¬ 
tection  to  our  avifauna.  Everywhere  throughout  the  forest  one  is  attended 
by  one  or  more  friendly  species  of  birds,  while  from  dawn  to  dusk  the  bush 
rings  with  the  musical  notes  of  the  bell-bird  and  a  chorus  of  others.  Per¬ 
haps  on  this  island  the  nearest  approach  to  conditions  in  the  New  Zealand 
bush  before  the  advent  of  the  white  man  is  to  be  had.  At  least  one  species 
of  bird  (the  stitch-bird)  quite  extinct  elsewhere  is  to  be  found  in  the  dense 
forest  of  the  Little  Barrier,  and  appears  to  be  increasing  in  numbers,  whilst 
two  species  of  kiwi  intentionally  transferred  to  the  island  have  thoroughly 
established  themselves.  It  is  sincerely  to  be  hoped,  therefore,  that,  as 
opportunity  offers,  such  birds  as  our  native  thrushes,  crows,  saddleback, 
the  huia  if  it  still  exists,  and  other  birds  peculiar  to  the  New  Zealand  region 
and  fast  disappearing  before  the  advance  of  settlement,  will  be  transferred 
to  this  island  sanctuary,  where  the  species  should  continue  to  exist 
indefinitely  while  sweeping  changes  are  being  made  in  the  avifauna  of  the 
mainland  by  the  spread  of  the  more  aggressive  exotic  species. 

Of  the  three  island  bird  sanctuaries  now  reserved  by  the  Government 
Little  Barrier  appears  to  afford  the  best  conditions  for  conserving  our 
species  of  bush-birds.  Its  distance  from  the  mainland  gives  it  that  seclusion 
needed  for  wild  life  and  a  large  degree  of  safety  from  interference  by 
unauthorized  persons.  The  extremely  rugged  nature  of  its  surface  afford 
a  variety  of  habitats,  its  dense  forests  provide  ample  cover  and  abundance 
and  variety  of  food.  Enemies  are  few.  Some  cats  are  the  cause  of 
tragedies  here  and  there  ;  hawks  and  owls  also  may  take  their  quota  of 
small  birds.  But  the  loss  from  these  causes  is  greatly  minimized  by  the 
alertness  of  the  caretaker,  who  has  accounted  for  a  number  of  cats  and 
harriers  during  his  term  of  residence  on  the  island. 

Little  Barrier  Island  lies  some  fifteen  miles  east  of  Rodney  Point,  whence 
fortnightly  leaves  the  little  yacht  which  furnishes  the  only  regular  com¬ 
munication  with  the  mainland.  The  island  is  a  much-dissected  volcanic 
cone.  Viewed  from  the  sea  one  might  expect  to  find  a  large  crater  where 
the  summit  appears  to  be  abruptly  truncated.  But  no  definite  crater  is 
recognizable;  instead  are  found  deep  ravines  separated  by  knife-edge 
ridges  radiating  from  the  central  portion  of  the  island.  Practically  the 
whole  island  is  composed  of  volcanic  breccia  consisting  of  a  rather  soft 
matrix  containing  large  angular  fragments  of  andesitic  lava.  Such  material 
is  easily  attacked  by  rain  and  surf,  hence  results  the  extremely  rough  surface 
and  coast  of  vertical  cliffs  surrounded  by  a  beach  of  water-worn  boulders. 
Landing  must  be  made  on  the  rocks,  and  can  only  be  done  in  fine  weather 
on  the  lee  side  of  the  island. 

A  list  of  the  birds  of  Little  Barrier  Island,  with  notes  on  some  of  the 
species,  follows. 
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Spheniscidae. 

Little  Blue  Penguin  ( Eudyptula  minor). — Said  to  breed  round  the  coast. 
Several  dead  specimens  were  noticed  on  the  rocks. 


SlJLIDAE. 

Gannet  (Snla  senator). — Fairly  common. 


Fig.  1. — Interior  of  forest.  Climbing  rata  and  astelia  on  puriri.  Also  shows  mamaku, 

or  black  tree-fern. 
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Phalacrocoracidae. 

Black  Shag  ( Phalacrocorax  carbo). — Occasionally  seen. 

Pied  Shag  ( Hypoleucus  carius). — Pied  shags  breed  in  colonies  on  the 
cliffs  on  the  south  side  of  the  island.  They  build  large  untidy  nests  of  sticks 
in  forks  of  bare  and  exposed  branches  of  pohutukawa-trees  overhanging 
at  the  tops  of  the  sea-cliffs.  Both  young  and  adult  were  seen  sitting  on  the 
branches  together.  These  birds  always  return  to  the  nesting-sites  in  the 
evening. 

White-throated  Shag  ( Microcarbo  melanoleucus) .  —  This  and  the  two 
preceding  species  are  perhaps  the  three  most  aggressive  of  the  New  Zealand 
shags,  and  the  only  ones  that  habitually  go  inland  and  take  fish  in  lakes 
and  streams.  Reischek  has  recorded  the  white-throated  shag  on  Little 
Barrier  Island.* 


Fio.  2.— Pied  shags  and  nests. 


Procellariidae. 

Diving  Petrel  ( Pelecanoides  urinatrix). 

Blue  Petrel  ( Halobaena  caerulea). 

-  Dove  Petrel  ( Pseudoprion  turtur). — Found  by  Reischek  breeding  in 
burrows  on  Little  Barrier  Island. f 

Nelly  (Macronectes  giganteus). 

Black  Petrel  ( Procellaria  parkinsoni). — The  black  petrel  breeds  in  large 
numbers  near  the  summit  of  Little  Barrier  Island. 

Cook’s  Petrel  ( Pterodromct  Cooki). — This  bird  breeds  in  great  numbers  in 
burrows  on  the  hill-slopes.  Judging  from  the  remains  of  birds  killed  by 
cats,  they  were  fully  fledged  by  the  end  of  February.  What  few  cats  there 
are  on  the  island  must  account  for  a  considerable  number,  as  birds  with  their 
breasts  and  heads  eaten  were  encountered  in  various  parts  of  the  bush. 
I  was  able  to  examine  several  dead  birds,  and  found  that  all  belong  to  this 
species. 

North  Island  Mutton-bird  ( Pterodroma  macroptera). — This  bird  is  common 
in]Hauraki  Gulf  and  the  Bay  of  Plenty,  breeding  on  many  of  the  islands, 


*  Trans.  N.Z.  Inst.,  vol.  19,  p.  183,  1887. 
t  Buller,  Birds  of  N.Z..  ed.  2,  vol.  2,  p.  210..  1888. 
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usually  near  the  shore.  While  investigating  a  colony  of  the  pied  shag  1 
found  at  the  tops  of  the  sea-cliffs  on  the  south  side  of  Little  Barrier  Island 
many  burrows  of  these  petrels.  Breeding  birds  were  taken  on  the  island 
by  Reischek. 

Brown  Petrel  {Puffinus  gavia). — I  did  not  see  this  species,  but  as  it  was 
taken  on  Little  Barrier  Island  by  Reischek  it  must  be  included  in  the  list 
as  breeding  on  the  island. 

Shearwater  {Puffinus  carneipes). 

Allied  Shearwater  {Puffinus  assimilis). — This  bird  is  similar  to  Puffinus 
gavia .  but  smaller  and  with  the  upper  parts  bluish-black.  It  was  found 
breeding  on  the  northern  portion  of  Little  Barrier  Island  by  Reischek.* 

Laridae. 

White-fronted  Tern  {Sterna  striata). 

Caspian  Tern  {Hydroprogne  caspia). 

Black-backed  Gull  {Larus  dominicanus) . — Common  round  the  coasts. 
Shakespear  states  that  it  breeds  on  the  north-west  corner  of  the  island. 

Red-billed  Gull  {Larus  novaehollandiae). — Common. 

Charadriidae. 

Black  Oyster-catcher  {Haematopus  unicolor). 

Rallidae. 

Marsh-rail  ( Porzana  pusilla). — Shakespear  in  1904  reported  the  presence 
of  the  koitareke. 

CUCULIDAE. 

Shining  Cuckoo  {Chalcococcyx  lueidus). — Plentiful  in  the  summer  ;  eggs 
have  not  yet  been  found  on  Little  Barrier  Island. 

Long-tailed  Cuckoo  {Urodynamis  taitensis). — Very  plentiful  during  the 
summer.  This  bird  is  reported  as  robbing  the  nests  of  other  birds. 
Shakespear  states  that  he  has  seen  a  long-tailed  cuckoo  with  a  nestling 
in  its  mouth. 

Falconidae. 

Harrier  {Circus  approximans) . — According  to  the  caretaker  the  harrier 
breeds  on  Little  Barrier  Island,  but  owing  to  his  efforts  not  many  are  to 
be  seen  now.  Visitors  from  the  mainland  may  at  times  be  seen  soaring 
overhead.  On  one  occasion  I  noticed  three. 

Bush-hawk  {Nesierax  navaeseelandiae). — This  fierce  bird  of  prey  is  present 
on  the  island,  but  it  is  not  so  often  seen  as  is  the  harrier. 

Bubonidae. 

Morepork  Owl  ( Spiloglaux  novaeseelandiae) . — The  morepork  is  very 
common,  appearing  at  dusk.  Its  call  may  be  heard  throughout  the  night. 
An  examination  recently  made  of  the  contents  of  a  number  of  stomachs  of 
these  birds  showed  that  their  food  consists,  during  the  summer-time  at 
least,  entirely  of  insects,  mainly  of  beetles  and  weta. 

Nestoridae. 

Kaka  {Nestor  meridionalis) . — On  several  occasions  small  flocks  were 
encountered  in  kauri  forest.  From  their  perch  high  up  on  the  trees  they 
utter  their  warning  screeches  as  the  intruder  is  located,  or  single  birds  on 


*  Trans.  N.Z.  Inst.,  vol.  19,  p.  183,  1887. 
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noticing  the  visitor  circle  round  high  overhead  and,  with  a  harsh  cry, 
disappear  into  the  bush.  They  feed  on  nectar  from  flowers,  and  also  on 
insects. 

Cacatuidae. 

Red-fronted  Parrakeet  ( Cyanorhampkus  novaezelandiae) . — Small  flocks 
of  the  red-fronted  parrakeet  are  met  with  in  all  parts  of  the  island  from  the 
caretaker’s  orchard  to  the  summit.  They  feed  mainly  on  seeds. 

Yellow-fronted  Parrakeet  (C.  cmriceps). — Stated  by  the  caretaker  to  be 
rarely  seen,  only  one  or  two  pairs  having  been  noted.  I  did  not  observe  it. 

COLUMBIDAE. 

Pigeon  ( Hemiphaga  novaeseelandiae) . — Pigeons  may  be  seen  throughout 
the  forest,  while  their  noisy  flight  is  frequently  heard  overhead.  They 
feed  on  various  fruits,  of  which  there  is  an  abundance  in  the  summer-time. 
In  the  winter,  however,  when  there  are  no  fruits  to  be  had,  they  feed  on 
leaves. 


Fig.  3. — Mount  Herikohu  :  looking  west  from  summit  of  Mount  Archeria. 


Alcedinidae. 

Kingfisher  ( Halcyon  sanctus). — Very  common  along  the  coast  on  the 
shingle-flat  and  in  some  of  the  gullies.  Besides  insects,  the  small  black 
lizards  which  are  found  on  the  shingle  beaches  form  a  portion  of  its  food. 

Xenicidae. 

Rifleman  ( Acanthisilta  chloris). — I  did  not  observe  this  species.  The 
caretaker  states  that  it  is  occasionally  seen. 

Muscicapidae. 

North  Island  Wood-robin  ( Miro  longipes). — These  gentle  birds  are  met 
with  singly  or  in  paPs  right  through  the  bush.  They  are  quite  fearless  ; 
indeed,  they  appear  to  like  human  company,  for  whenever  one  stops  for 
a  moment  they  come  hopping  along  and  turn  over  dead  leaves,  looking  for 
insects,  within  a  yard  or  even  less  from  the  observer,  pausing  now  and  then 
and  turning  their  heads  to  look  at  him. 

North  Island  Tomtit  ( Myiomoira  loitoi). — Equally  fearless  and  plentiful 
as  the  robin  ;  the  tomtit  is  much  more  restless.  It  is  constantly  on  the 
move,  hopping  from  twig  to  twig  searching  for  insects,  or  momentarily 


1922.]  Oliver. — Little  Barrier  Island  Bird-sanctuary. 
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resting  and  peering  at  the  visitor.  They  frequent  both  the  bush  and  the 
scrub  as  well  as  the  caretaker’s  plantation. 

Pied  Fantail  ( Rhi'pidura  flabellifera) . — Very  common  in  the  bush  and 
scrub  throughout  the  island,  and  always  making  their  presence  known, 
apparently  more  to  welcome  than  resent  the  intruder. 

Grey  Warbler  ( Maorigerygone  igata). — The  grey  warbler  is  fairly  common 
in  the  bush  and  scrub.  Its  call  is  heard  more  often  than  the  bird  is  seen. 

Motacillidae. 

Ground-lark  ( Anthus  novaeseelandiae) . — A  few  are  found  on  the  shingle- 
flat. 

Paridae. 

Whitehead  ( Mohoua  albicillus). — The  whitehead  is  met  with  in  the  bush 
in  small  flocks,  which,  as  soon  as  the  visitor  is  discovered,  crowd  round 


Fig.  4. — Little  Barrier  Island  :  looking  east  from  summit  of  Mount  Archeria. 


and  become  very  noisy  for  a  little  time.  When  their  curiosity  is  satisfied, 
or  they  have  decided  that  no  harm  is  intended,  they  continue  on  their  way. 
They  are  very  common,  and  feed  largely  on  insects. 

Sturnidae. 

Saddleback  ( Creadion  carunculatus) . — The  saddleback  was  reported  as 
rare  on  Little  Barrier  Island  by  Layard  in  1862,*  very  common  by  Hutton 
in  1867, f  and  again  rare  by  Reischek  in  1882. J  It  has  not  since  been  seen. 

Meliphagidae. 

Bell-bird  ( Anthornis  melanura). — This  is  the  most  common  species  on 
Little  Barrier  Island.  Everywhere  from  dawn  to  dusk  the  bush  rings  with 
its  musical  notes.  They  are  quite  fearless,  and,  regardless  of  the  visitor, 
carry  on  an  incessant  search  for  insects,  nectar,  or  fruit.  They  may  be 
observed  from  a  distance  of  two  or  three  yards  climbing  up  and  down  the 
trunks  of  manuka  or  other  trees,  feeding  on  insects  in  the  crevices  of  the  bark 
or  perhaps  searching  out  spiders  in  the  undergrowth. 


*  Ibis,  1863,  p.  224.  *j*  Trans .  N.Z.  Inst.,  vol.  1,  p.  104,  1869. 

Inst. ,  vol.  19,  pp.  183,  188,  1887. 
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Tui  ( Prosthemadera  riovaeseelandiae).—T}ie  tui  is  very  common,  but  is 
not  so  often  seen  as  the  bell-bird.  Besides  many  notes  similar  to  those 
of  the  bell-bird,  tui  have  many  calls  characteristic  to  themselves.  They 
are  frequently  seen  in  pairs  chasing  one  another  through  the  bush  with 
a  swift  noisy  flight.  They  feed  on  nectar  from  flowers,  various  fruits, 
including  peaches  and  figs,  from  the  caretaker’s  orchard,  and,  when  these 
are  not  available,  soft-bodied  insects  and  spiders. 

Stitch-bird  ( N otiomystis  cincta). — The  stitch-bird  frequents  the  forests 
well  up  on  the  sides  of  the  mountain.  In  certain  places,  one  of  which  is 
on  the  path  to  the  summit,  a  few  can  nearly  always  be  seen.  Seeing  the 
stranger,  they  call  quickly  “  Tee-tee-tee,”  and  come  hopping  excitedly 
towards  him  until  quite  close,  when,  their  curiosity  satisfied,  they  may 
sit  on  a  twig  and  preen  themselves,  or  else  continue  their  search  for  food, 
which  consists  of  juices  from  flowers,  soft  fruits,  and  insects. 

ZOSTEROPIDAE. 

Wax-eye  ( Zosterops  lateralis). — Wax-eyes  are  very  plentiful.  They  are 
usually  seen  in  small  flocks,  and  in  the  summer-time  feed  largely  on  the 
peaches  and  figs  in  the  caretaker’s  orchard,  picking  out  the  pulp  from  holes 
made  by  tuis  or  bell-birds.  They  make  a  small  hanging  nest,  which  is 
built  on  manuka-scrub  on  the  lower  slopes  of  the  island.  Like  the  honey- 
eaters  already  mentioned,  they  feed  on  juices  from  flowers,  fruits,  and 
soft-bodied  insects. 

Birds  transferred  to  the  Island. 

Brown  Kiwi  (Apteryx  australis). — Although  recorded  on  Little  Barrier 
Island  by  Buller,*  who  states  that  Kirk  collected  several  there,  no  kiwis 
were  seen  during  Mr.  Shakespear’s  residence.  Some  time  before  1903 
Mr.  S.  Percy  Smith  sent  two  kiwi  from  New  Plymouth ;  in  1903  the 
“  Hinemoa  ”  landed  a  specimen,  presumably  from  Besolution  Island.  These 
three  birds  were  not  again  seen.  A  few  years  ago  a  batch  of  sixteen 
North  Island  kiwi  was  landed.  These  appear  now  to  be  well  estab¬ 
lished.  Several  times  during  my  visit  their  call  was  heard  after  dark. 
Mr.  Nelson,  the  caretaker,  once  separated  a  brown  kiwi  and  a  Haast’s 
kiwi  from  fighting.  He  thinks,  from  feathers  he  has  found,  that  the 
albino  kiwi  sent  from  the  Taupo  district  is  still  alive. 

Haast’s  Kiwi  (Apteryx  haasti). — A  batch  of  nineteen  birds  from  Gouland 
Downs,  Nelson,  was  liberated  by  Mr.  H.  Hamilton  in  June,  1915.  Being 
nocturnal  in  their  habits,  none  were  actually  seen  during  my  visit,  but 
their  tracks  were  noticed  in  the  garden,  and  they  were  heard  at  night 
on  several  occasions.  The  caretaker  states  that  they  frequent  the  low 
ground  during  most  of  the  year,  but  during  the  breeding  season  retire 
into  the  forest.  Young  birds  have  been  seen  by  the  caretaker.  They 
therefore  appear  to  have  established  themselves  thoroughly,  though,  on 
account  of  their  strictly  nocturnal  habits,  it  is  not  known  in  what  numbers 
they  are  present  on  the  island. 

Kakapo  (Strigops  Inabroptilus). — The  “  Hinemoa  ”  in  1903  landed  four 
kakapo  from  Besolution  Island.  No  sign  of  them  has  since  been  seen. 

Introduced  Birds. 

Sparrows,  thrushes,  blackbirds,  starlings,  and  greenfinches  are  common, 
having  found  their  way  over  from  the  mainland. 


*  Birds  of  N.Z.,  ed.  2,  vol.  2,  p.  311.  1888. 
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THE  FUTURE  DEVELOPMENT  OF  THE  LOCOMOTIVE 

IN  NEW  ZEALAND.* 

By  S.  H.  Jenkinson. 

Locomotive  design  and  development  is  at  present  at  a  very  interesting 
stage  in  New  Zealand,  because  the  maximum  fuel-efficiency  possible  under 
the  existing  limitations  and  methods  of  operating  appears  to  have  been 
reached  in  the  latest  design.  By  this  I  do  not  mean  to  infer  that  no 
further  progress  in  the  economy  of  locomotive  operation  can  be  made, 
but  to  record  my  considered  conviction  that  further  progress  depends  upon 
factors  not  under  the  control  of  the  locomotive-designer  per  se,  as,  for  instance, 
the  improvement  and  strengthening  of  the  permanent-way,  the  strengthening 
of  the  under-frames  and  draw-gear  of  the  rolling-stock,  or  the  discovery  of 
some  new  method  of  using  coal  or  steam  for  the  generation  of  power. 
Putting  the  same  ideas  in  other  words,  I  would  say  that  the  only  possible 
sources  of  improved  economy  are  an  increase  in  the  size,  weight,  and  power 
of  the  locomotives,  which  are  now  made  as  large  as  the  present  bridges  and 
rolling-stock  will  allow,  or  a  new  principle  for  avoiding  the  heat-degradation 
inseparable  from  the  present  form  of  steam-engine.  That  being  so,  it  is 
possible  to  state  the  case  confidently  for  the  steam-locomotive  and  to  weigh 
the  claims  of  any  suggested  changes  without  any  mental  reservations  as  to 
the  probability  of  material  improvement  in  the  working  of  the  existing 
types. 

It  must,  of  course,  be  thoroughly  understood  that,  as  is  inevitably  the 
case  in  any  large  operating  concern,  the  average  practice  lags  far  behind 
the  highest,  and  any  comparisons  based  upon  average  or  minimum  loco¬ 
motive  performance  are  quite  misleading.  There  is,  however,  one  uncertain 
element  in  all  current  calculations,  and  that  is  the  present  unsettled 
market  for  money  and  labour.  This  is  really  less  disturbing  to  com¬ 
parisons  than  most  people  suppose,  since  the  rate  of  interest  and  the 
scale  of  wages  bear  a  more  constant  proportion  to  one  another  than  is 
usually  imagined.  The  net  result  upon  comparisons  of  a  period  of  high 
prices  is  to  favour  unduly  the  outlay  of  money  upon  capital  expenditure 
rather  than  upon  recurring  labour  and  working  charges,  but  the  influence 
is  quite  small,  and  as  it  acts  against  the  steam-locomotive  in  any  com¬ 
parisons  I  may  make  I  will  content  myself  with  pointing  out  the  tendency. 

Before  dealing  with  the  specific  problem  a  clearing  of  our  ideas  upon 
the  vexed  question  of  gauge  is  advisable,  and,  adopting  the  Euclidean 
method  of  stating  the  conclusion  first,  I  say  that  the  3  ft.  6  in.  gauge,  the  one 
laid  in  New  Zealand,  is  probably  slightly  better  than  any  other  for  any 
class  of  line  whatsoever,  but  that  no  gauge  has  sufficient  advantage  over 
any  other  usual  gauge  to  justify  a  break  of  gauge  in  any  one  country  or 
railway  system.  The  first  item  to  consider  is  the  cost  of  the  permanent¬ 
way.  This  varies  very  little  indeed  with  the  distance  between  the  rails. 
Buildings,  tunnels,  rails,  spikes,  signals,  track-laying,  and  right-of-way  or 
land  are  not  affected  by  the  track-gauge,  and  bridges  are,  if  anything, 


*  A  paper  read  before  the  Technological  Section  of  the  Wellington  Philosophical 
Society,  20th  July,  1921. 
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slightly  cheaper  with  a  wider  gauge.  The  only  items  in  which  savings 
occur  with  narrower  gauge  are  sleepers  and  earth-cuttings.  Rock-cuttings 
are  not  affected,  as  their  width  is  governed  by  the  width  of  the  vehicles  ; 
but  earth-cuttings  must  be  formed  with  sloping  sides  which  are  far  enough 
apart  at  the  bottom  to  allow  drains  to  be  formed  on  each  side  outside  the 
ballast.  A  narrower  gauge,  therefore,  only  saves  a  few  cubic  yards  of  earth 
in  certain  cuttings  and  a  few  inches  in  length  of  the  sleepers.  The 
factors  that  do  chiefly  influence  the  cost  of  the  permanent-way  are,  first, 
axle-load,  which  determines  the  rail-weight  and  the  size  of  sleepers ; 
secondly,  loading-gauge,  which  defines  the  clearance  of  structures,  the  size 
of  tunnels,  and  the  distance  apart  of  adjacent  tracks  ;  and,  thirdly,  the 
character  of  the  road  with  respect  to  grades  and  curves.  These  three 
factors  are  all  independent  of  the  track-gauge. 

The  next  question  to  consider  is  speed  ;  and  here  again  gauge  has  no 
practical  influence.  As  the  speed  increases  the  gauge  should  theoretically 
diminish,  until  with  very  high  speeds  the  monorail  type  of  construction 
is  reached.  The  stability  of  any  moving  vehicle  increases  with  the  speed, 
as  is  well  seen  in  the  bicycle  ;  and  there  is  a  slight  reduction  in  curve 
friction  as  the  gauge  is  reduced,  while  the  overturning  effect  on  curves  is 
resisted  by  the  super-elevation,  or  cant,  of  the  outside  rails,  the  angle  of 
which  is  independent  of  the  gauge.  High  speed  is,  indeed,  only  a  question 
of  the  diameter  of  the  driving-wheels  of  the  engine  ;  and  this  is  a  matter 
that  is  governed  by  curve-radius  on  the  one  hand  and  by  loading-gauge, 
or  tunnel-height,  on  the  other,  while  track-gauge  has  no  absolute  power 
over  it.  Certainly  the  height  of  the  centre  of  the  boiler  above  the  rails 
can  be  kept  lower  on  a  wider  gauge  when  very  large  driving-wheels  are 
used,  but  a  high  boiler-centre  has  lost  all  terror  for  the  modern  designer, 
and  for  all  practical  purposes  the  highest  economic  speeds  can  be  obtained 
with  equal  safety,  ease,  and  comfort  on  any  gauge.  In  point  of  fact, 
higher  speeds  are  daily  recorded  in  the  4  ft.  8J  in.  gauge  in  England  than 
are  reached  on  the  5  ft.  6  in.  gauge  in  Ireland,  India,  or  Victoria,  and  very 
smart  running  is  done  on  the  3  ft.  6  in.  gauge  in  Java  and  the  Sudan.  The 
old  Great  Western  gauge  of  7  ft.  was  the  scene  of  some  very  fast  running 
in  its  day,  but  the  4  ft.  8J  in.  was  equally  notable  at  that  time,  and  in 
New  Zealand  as  elsewhere  the  speeds  are  now  limited  by  the  rails  and 
ballasting  and  not  by  the  locomotive  or  the  gauge.  Wherever  the  standard 
of  track  construction  and  maintenance  permits  it,  speeds  of  sixty  miles  per 
hour  can  now  be  easily  attained  by  modern  engines  on  the  New  Zealand 
gauge,  and,  if  economic  conditions  called  for  or  allowed  it,  locomotives  could 
easily  be  designed  to  greatly  exceed  this  speed. 

The  next  question  is  that  of  design  of  rolling-stock  and  locomotives 
on  varying  gauges.  The  width  and  height  of  carriages  and  wagons  is  not 
dependent  on  the  distance  apart  of  the  rails  on  which  they  run,  but  is 
solely  governed  by.  the  size  of  tunnels,  the  clearance  of  structures,  and  the 
distance  apart  of  adjacent  tracks  (see  diagram).  The  New  Zealand  Main 
Trunk  car-body,  for  instance,  is  the  same  width  and  height  as  the  usual 
English  one,  while  on  the  3  ft.  6  in.  gauge  in  South  Africa  we  find  carriages 
and  wagons  wider,  higher,  and  heavier  than  any  used  on  the  5  ft.  6  in.  gauges 
or  on  any  4  ft.  8J  in.  lines  in  England  or  Europe.  At  slower  speeds — say, 
under  fifty  miles  per  hour — vehicles  have  a  tendency  to  roll  and  ride  roughly, 
but  this  is  more  dependent  on  the  type  of  draw-gear  used  than  on  any  other 
feature  of  the  design,  and  is  quite  unaffected  by  the  track-gauge.  It  might 
be  thought  that  side-rolling  would  be  less  with  the  wider  gauge,  but  this 
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again  is  a  fallacy.  The  swaying  of  car-bodies  is  caused  by  uneven  track, 
and  is  aggravated  by  slack  couplings  and  the  absence  of  side  buffers,  while 
it  is  finally  resisted  by  the -side  bearing  shown  in  the  figure.  These  side 
bearings  are  usually  kept  close  together  (well  inside  the  wheels  on  a 
4  ft.  8J  in.  or  3  ft.  6  in.  gauge)  to  minimize  the  derailing  -  moment  on 
curves,  but  their  position  is  not  dependent  on  the  gauge,  and  is  in  fact 
practically  the  same  on  any  gauge.  Thus  the  angle  of  roll  of  the  car-body 
is  also  independent  of  the  gauge.  The  cost  and  weight  of  cars  and  wagons 
decreases  slightly  with  the  gauge,  because  of  the  shorter  axles  and  narrower 


AMERICAN  LOADING  GAUGE 
- » - - - , 


Diagram  comparing  New  Zealand  and  American  loading-gauges,  and 

showing  the  bearings. 

bogie-framing,  but  this  is  virtually  unimportant,  and  where  the  gauge  is 
narrower  than  3  ft.  there  is  great  difficulty  in  finding  room  laterally  between 
the  wheels  for  spring-  and  brake-gear,  air-  and  gas-reservoirs,  and  all  the 
apparatus  of  modern  bogie  stock.  The  conclusion  is  unavoidable  that 
there  is  no  advantage  in  a  wider  gauge  than  3  ft.  6  in.,  and  a  decided 
disadvantage  in  a  narrower  gauge  than  3  ft.  from  the  point  of  view  of 
rolling-stock. 

When  the  locomotive  is  considered,  the  limitation  of  gauges  narrower 
than  3  ft.  is  increased.  The  size  of  engines  is  limited  by  the  allowable 
pressure  between  the  wheel  and  the  rail,  and  this  is  in  the  neighbourhood 
of  10  or  11  tons  (i.e.,  an  axle-load  of  20  to  22  tons)  with  modern  steel  tires 
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and  rails.  Locomotives  having  this  maximum  axle-load  can  easily  be 
built  for  the  3  ft.  6  in.  gauge.  In  fact,  the  outside  cylinders  that  form  the 
only  possible  arrangement  for  such  large  engines  can  be  more  easily  accom¬ 
modated  on  this  gauge  than  on  wider  ones.  It  is  generally  recognized  that 
the  largest  American  locomotives,  the  enormous  Mallet  compound  type, 
could  be  better  designed  on  the  3  ft.  6  in.  gauge,  since  it  is  impossible  to  get 
sufficiently  large  low-pressure  cylinders  between  the  wheels  and  the  loading- 
gauge  limits  on  the  4  ft.  8J  in.  gauge.  In  England  the  narrower  loading- 
gauge  restricts  the  size  of  the  outside  cylinders  to  such  an  extent  that 
designers  have  been  forced  into  the  regrettable  expedient  of  adopting  the 
complicated  and  expensive  three-  or  four-cylinder  type,  whereas  if  the 
track-gauge  there  were  3  ft.  6  in.  the  simple  two-cylinder  type  could  be 
built.  When  the  other  extreme  is  reached  we  find  that  on  the  lightest 
lines  locomotives  of  any  reasonable  power  must  have  as  many  driving- 
axles  as  possible  to  get  the  necessary  adhesive  weight.  This  leads  to  fire¬ 
boxes  between  the  coupled  wheels,  and  if  the  gauge  is  less  than  3  ft.  the 
width  of  grate  is  reduced  below  2  ft.,  and  the  resulting  grate-area  is  too 
small  for  any  reasonable  efficiency.  Taking  all  these  points  into  consider¬ 
ation,  I  have  no  hesitation  in  saying  that  a  gauge  between  3  ft.  and  3  ft.  6  in. 
is  suitable  for  the  heaviest  locomotives  and  largest  rolling-stock,  while  a 
gauge  narrower  than  3  ft.  offers  no  advantages  whatever  for  light  railways, 
the  slight  saving  in  first  cost  being  under  10  per  cent,  of  the  total  capital 
expenditure,  and  this  is  more  than  offset  by  the  increased  working-charges 
if  the  traffic  handled  is  anywhere  near  sufficient  to  return  interest  on  the 
capital  involved. 

Having  decided  that  no  possible  advantage  can  be  secured  by  a  change 
of  gauge,  the  next  point  at  issue  is  the  question  of  steam  versus  some  other 
source  of  power.  The  varied  power  and  speed  requirements  of  railway¬ 
working  are  peculiarly  unfavourable  to  the  oil-engine,  but,  in  any  case,  the 
fact  that  motor-oils  are  so  suitable  for  internal-combustion  engines  will 
always  keep  their  cost  above  that  of  coal  when  computed  on  a  calorific 
basis.  Oil  can  therefore  be  dismissed  without  further  reference  for  loco¬ 
motive  work,  the  more  so  as  electricity  is  able  to  offer  all  the  advantages 
of  oil  at  a  cheaper  rate.  In  proceeding  to  compare  the  economic  possi¬ 
bilities  of  steam  and  electricity,  it  is  necessary  to  declare  at  once  that  the 
modern  superheated  steam-locomotive  is  a  much  more  economical  machine 
than  is  generally  appreciated.  As  a  source  of  power  for  relatively  large 
units  (say,  over  300  h.p.)  the  locomotive  engine  and  boiler  stands  alone 
for  first  cost,  as  even  at  the  present  time  it  can  be  put  in  commission  for 
£8  per  horse-power,  as  against,  say,  £30  for  steam  turbines,  and  £80  for 
electric  generators  driven  by  water-power.  This  is  a  fact  that  is  not  suffi¬ 
ciently  appreciated,  and  any  engineer  can  call  to  mind  power  plants  where 
the  load-factor  is  so  low  that  the  locomotive  boiler  and  engine  is  a  very 
attractive  proposition. 

There  is  no  doubt  that  the  difficulty  of  obtaining  reliable  indicator- 
diagrams  from  a  locomotive  in  service,  and  the  lack  of  adequate  testing 
plants,  have  caused  the  power  and  efficiency  of  the  locomotive  to  be 
grossly  underestimated.  The  usual  method  of  “  begging  the  question  ”  is  to 
calculate  the  horse-power  by  expressing  it  as  a  linear  function  of  the 
heating-surface — say,  the  heating-surface  in  square  feet  divided  by  three, 
four,  or  five,  as  the  calculator  pleases — and  this  is  the  favourite  method  of 
those  who  trace  the  amusing  curves  comparing  the  torque-speed  charac¬ 
teristic  of  the  steam  and  electric  locomotives.  There  is  the  less  excuse  for 
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this  since  it  is  a  fairly  simple  problem  to  solve  approximately.  Train- 
resistance  formulae  are  in  everyday  use,  and  are  checked  in  practical 
working  constantly,  so  that  the  force  necessary  to  maintain  any  train  at  a 
certain  speed  on  the  level  is  closely  known.  Taking,  then,  the  average 
running-speed  of  any  train  from  terminal  to  terminal,  the  average  horse¬ 
power  is  easily  arrived  at  by  using  the  well-known  formula — 

TT  Train-resistance  in  pounds  X  speed  in  miles  per  hour 

Horse -power  =  - - - - - - - 

o  /  o 

adding,  of  course,  the  necessary  correction  for  any  difference  in  level. 

One  of  the  best  performances  ever  recorded  on  the  3  ft.  6  in.  gauge  was 
accomplished  by  the  New  Zealand  Ab  class  locomotive  on  the  29th  January, 
1916,  when  a  load  of  423  tons  behind  the  tender  was  hauled  from  Timaru 
to  Christchurch  at  an  average  running-speed  of  forty-six  miles  per  hour. 
This  represents  work  being  done  at  the  average  rate  of  637  horse-power  ; 
but  during  that  part  of  the  journey  from  Temuka  to  Rangitata,  this  was 
largely  exceeded,  over  1,000  horse-power  being  maintained.  The  coal 
burnt  was  not  accurately  measured,  but  was  certainly  less  than  2  lb.  per 
brake-horsepower-hour.  On  several  occasions  I  have  observed  the  same 
boiler  working  at  the  rate  of  over  800  h.p.  without  being  seriously  pushed, 
and  on  one  occasion  this  was  being  done  at  the  slow  speed  of  fourteen  miles 
per  hour.  In  all  these  calculations  wind-pressure  has  been  neglected ;  and, 
taking  all  factors  into  consideration,  there  is  no  doubt  whatever  that  this 
boiler  can  develop  1,200  h.p.  comfortably.  It  will  be  hardly  credited  that 
this  power  is  developed  from  1,500  sq.  ft.  of  heating-surface,  and  35  sq.  ft. 
of  grate-area,  and  from  a  boiler  weighing  15  tons,  with  all  fittings,  and  that 
the  pre-war  cost  of  the  same  was  about  £900,  or  15s.  per  horse-power.  These 
figures  will  probably  .stagger  those  conversant  with  boiler  powers  and  costs 
generally,  but  represent  fairly  what  can  be  expected  from  a  well-designed 
modern  locomotive-boiler  with  a  superheater  and  large  fire-box. 

The  fuel-efficiency  of  these  boilers  is  extraordinarily  high  when  working 
steadily  at  low  blast-pressure,  and  here  I  am  able  to  quote  the  official  figures 
of  a  test  extending  over  ten  trips  between  Christchurch  and  Timaru 
(Table  I).  The  loads  hauled  were  small,  but  the  weather  was  variable, 
and,  as  before,  wind-pressure  has  been  neglected.  All  water  and  coal  was 
carefully  measured,  and  the  figures  include  all  stand-by  losses,  both  on  the 
road  and  in  the  shed.  Actually  9  lb.  of  water  was  evaporated  for  each 
pound  of  coal  burnt,  but,  remembering  that  the  working-pressure  was 
1801b.  per  square  inch,  and  that  the  average  steam-temperature  was 
620°  F.,  it  is  clear  that  the  equivalent  evaporation  was  11-96  lb.  from  and 
at  212°  F. ;  or,  allowing  10  per  cent,  for  steam  used  in  air-pumps,  lubri¬ 
cators,  &c.,  without  superheat,  11,550  B.Th.U.  were  usefully  given  to  the 
boiler  by  each  pound  of  coal  burnt.  The  work  done  in  actual  haulage  at 
the  average  speed  of  thirty-five  miles  per  hour  would  amount  to  7,360  brake- 
horsepower-hours  ;  but  there  are  other  factors  to  consider.  Strong  north¬ 
west  gales  were  blowing  on  two  days,  the  average  speed  was  often  greatly 
exceeded,  there  was  a  fair  amount  of  light  running  at  terminals,  and  a  con¬ 
siderable  amount  of  work  done  in  braking  and  accelerating  the  train.  No 
experienced  railway  engineer  will  dispute  that  this  amounts  to  at  least 
20  per  cent,  extra  work,  so  that  quite  9,000  brake-horsepower-hours  were 
done.  The  total  coal  burnt  was  27,000  lb.,  so  that  it  took  3  lb.  of  coal  to 
generate  each  brake-horsepower-hour  of  useful  work,  including  all  stand-by 
losses. 
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Table  I. — Summary  of  Locomotive  Tests,  Christchurch-Timaru  Express  Service. 

Ab  60S,  Simple  Superheated  ;  Weight,  75  tons. 

(13th  to  17th  December,  1915.) 


Trip.* 

Gross 

Ton- 

mileage. 

Actual 

Run¬ 

ning¬ 

time. 

Per  Round  Trip. 

Per  Ton-mile. 

Weather. 

Water. 

Coal. 

Water. 

Coal. 

S. 

N. 

S. 

N. 

S. 

N. 

S. 

N. 

S. 

N. 

Average 

25.100 
34,900 
26,800 

30.200 
27,500 
34,700 
33,400 

31.200 

35.200 

33.100 

Minutes 

179 

165 

176 
167 

177 
162 
157 
179 
171 
165 

lb. 

j  50,000 
j  48,000 
|  49,500 
|  51,000 

J  49,000 

lb. 

5,544 

5,576 

5,488 

5,600 

5,432 

lb. 

•833 

•842 

•796 

•790 

•717 

lb. 

•092 

•098 
•088  | 
•087 

•079 

Calm. 

Light  N.E. 

Calm. 

Light  N.E. 

Strong  N.W. 

Calm. 

31,210 

170 

49,500 

5,488 

•793 

•088 

A  399,  Compound  Saturated ;  Weight,  69  tons. 
(10th  to  14th  January,  1916.) 


Trip.* 

Gross 

Ton- 

mileage. 

Actual 

Run¬ 

ning- 

time. 

Per  Round  Trip. 

Per  Ton-mile. 

Weather. 

Water. 

Coal. 

Water. 

Coal. 

S. 

N. 

S. 

N. 

S. 

N. 

S. 

N. 

S. 

N. 

Average 

36,500 

32.100 

39,600 

34.100 
f 32, 700 
t37,100 
f 33, 100 
132,100 

29.100 

30,400 

Minutes 

178 

165 

174 

166 

175 
168 
155 
173 
184 
164 

lb. 

]  68,000 
j  69,000 
]  72,009 
]  70,000 
|  62,500 

lb. 

8,176 

8,400 

9,396 

9,408 

7,840 

lb. 

•991 

•936 

1-03 

107 

1-05 

lb. 

•119 

•114 
*3.35  £ 
•144 

•132 

Calm. 

Calm. 

Strong  N.W. 
Light  N.E. 

Strong  N.W. 

Calm. 

32,960 

172 

66,500 

8,133 

1-007 

•123 

*  S  =  Christchurch-Timaru.  N  =  Timaru-Christchurch.  f  Not  counted  in  average,  strong  wind. 


Coal  per  engine-mile 
Coal  per  ton-mile 
Water  per  engine -mile 
Water  per  ton-mile 
Ton-miles  per  pound  coal 
Ton-miles  per  pound  water 


212°  F.  per  pound  coal. . 


Ab  608. 

A  399. 

(lb.)  . 

27-44 

40-66 

(lb.  l 

0-0880 

0-1232 

(lb.) 

247-5 

332-5 

(lb.) 

0-793 

1-007 

11-38 

8-114 

1  at 

12-60 

9-925 

•  » 

11-96 

9-87 

Ab  608  saves  33  per  cent,  coal  and  20  per  cent,  water  over  A  399 
Coal  accurately  weighed  and  water  measured  by  meter. 
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Table  II. — Summary  of  Locomotive  Tests,  W ellington-Taihape  Express  Service. 


Ab  658,  Simple  Superheated ;  Weight,  75  tons. 
(4th  to  12th  September,  1916.) 


Trip. 

Gross 

Ton- 

mileage. 

Actual 

Run¬ 

ning- 

time. 

Water 

per 

Journey. 

Coal  per 
Round  Trip. 

Per  Ton-mile. 

Weather. 

* 

Water. 

Coal. 

N. 

S. 

N. 

S. 

N. 

S. 

N. 

S. 

Average 

53.200 

55.200 
49,600 
52,550 

49.200 
56,650 
53,850 
55,800 

Mins. 

327 
318 

328 

332 
337 
325 
336 

333 

Gallons. 

5,085 

3,710 

4,910 

3,440 

4,070 

3,600 

4,935 

3,455 

lb. 

j  10,416  | 

j  11,228  | 

|  11,788  £ 
]  11,312  £ 

Gallons. 
•096 
•067 
•099 
•  65 
•083 
•063 
•091 
•062 

lb. 

]  -096  £ 

Lu°{ 

}™{ 

!  -103  i 

N.W  gale. 
Fair. 

N.W.  gale. 
Calm. 

Calm. 

S.  gale. 

N.W.  gale. 

S.  gale. 

53,260 

330 

4,150 

5,593 

•078 

•105 

A  598,  Compound  Saturated ;  Weight,  69  tons. 
(15th  to  21st  September,  1916.) 


Trip. 

Gross 

Ton- 

mileage. 

Actual 

Run¬ 

ning- 

time. 

Water 

per 

Journey. 

Coal  per 
Round  Trip. 

Per  Ton-mile. 

Weather. 

Water. 

Coal. 

N. 

S. 

N. 

S. 

N. 

S. 

Average 

44.260 
48,860 

50.260 
55,900 
41,025 
51,855 

Mins. 

340 
339 

341 
327 
345 
300 

Gallons. 

4,720 

4,280 

5,230 

4,710 

4,430 

4,515 

lb. 

j  11,844  | 

|  12,684  £ 
]  10,836  £ 

Gallons. 

•107 

•088 

•104 

•084 

•108 

•087 

lb. 

]  -127 
|  -119 

}  '117 

Calm. 

Calm. 

Calm. 

48,700 

332 

4,648 

5,894 

•095 

•121 

Ab  658. 

A  598. 

Coal  per  engine -mile 

(lb.) 

35-0 

36-8 

Coal  per  ton -mile 

(lb.) 

0  105 

0-121 

Water  per  engine-mile 

(gall.) 

260 

28-0 

Water  per  ton-mile 

(lb.) 

0-78 

095 

Ton-miles  per  pound  coal  .  . 

9-7 

8-26 

Ton-miles  per  pound  water 

1-28 

P05 

Pounds  of  water  evaporated 

from  and  at 

212°  F.  per  pound  coal 

9-84 

9-52 

658  saves  13-2  per  cent,  coal  and 

17-9  per  cent. 

water  over 

:V  598. 

Each  engine  was  assisted  W ellington- J ohnson ville  on  north  trip  :  in  addition 
A  598  was  assisted  Marton- -Taihape  on  15th  September,  1916;  Paekakariki-Wellington 
on  19th  and  21st  September,  1916  ;  and  Palmerston  North -Taihape  on  20th  September, 
1916. 

Coal  accurately  weighed  and  water  measured  by  meter. 
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But  this  was  on  a  very  favourable  line,  where  the  engine  was  doing 
steady  collar  work  during  the  whole  running-period.  Different  conditions 
exist  between  Wellington  and  Taihape,  where  steep,  alternating  grades  and 
sharp  curves  are  common.  On  this  run  also  we  have  the  records  of  a 
week’s  trial  to  guide  us  (Table  II),  and  we  find  that  the  boiler-efficiency  falls 
15  per  cent,  and  the  cylinder-efficiency  about  15  per  cent,  when  compared 
with  the  more  favourable  southern  run.  In  other  words,  nearly  4  lb.  of 
coal  are  required  to  generate  a  brake-horsepower-hour.  Under  the  most 
unfavourable  conditions,  such,  for  instance,  as  exist  on  the  Rimutaka 
Incline,  were  an  ordinary  locomotive  used  for  that  run,  a  brake-horsepower- 
hour  is  generated  by  8  lb.  of  coal. 

So  far  as  I  know,  such  figures  have  not  been  worked  out  before,  certainly 
not  with  so  much  data  to  draw  upon  and  as  the  result  of  actual  working- 
trials.  They  deserve  the  honour  of  a  recapitulation. '  A  modern  super¬ 
heated  steam-locomotive  will — 

(1.)  Generate  a  brake-horsepower-hour  when  working  steadily  at  a  power 
well  within  its  capacity  on  2  lb.  of  coal  (28,000  B.Th.U.)  ; 

(2.)  Generate  a  brake-horsepower-hour  working  over  favourable  country 
with  grades  less  than  1  in  100  in  ordinary  working,  and  including 
all  stand-by  losses,  on  3  lb.  of  coal  (42,000  B.Th.U.)  ; 

(3.)  Generate  a  brake-horsepower-hour  working  over  unfavourable 
country  with  alternating  grades  as  steep  as  1  in  50  in  ordinary 
working,  and  including  all  stand-by  losses,  on  4  lb.  of  coal 
(56,000  B.Th.U.). 

We  can  now  proceed  to  a  comparison  between  steam  and  electric 
working.  The  great  defect  of  electric  locomotives  is  the  small  amount 
of  power  generated  per  unit  of  weight,  and  this  is  especially  noticeable 
where  the  motors  are  fitted  between  the  wheels  on  the  3  ft.  6  in.  (or 
narrower)  gauge.  So  far  no  electric  locomotive  generates  more  than  15  h.p. 
per  ton  weight,  and  the  majority  fall  below  this.  This  is  not  so  important 
on  long  runs  at  high  speeds  over  level  country,  where  the  steam-loco¬ 
motive  is  handicapped  by  the  heavy  weights  of  coal  and  water  carried  in 
the  tender,  though  even  here  the  electric  locomotive  must  be  heavier  for 
the  same  work  ;  but  on  short  hilly  sections  it  becomes  a  serious  drawback. 
The  limit  of  power  for  the  electric  locomotive  on  the  3  ft.  6  in.  gauge  is 
160  h.p.  per  axle,  and  with  12-ton  axle-loads  this  works  out  at  under 
14  h.p.  per  ton.  On  short  sections  such  as  Otira  Tunnel  a  suitable  steam- 
tank  locomotive  would  give  20  h.p.  per  ton,  and  this  is  one  of  the  reasons 
why  electrification  gives  such  poor  results  on  this  class  of  line,  and  why 
it  will  cost  over  three  times  as  much  to  work  the  Otira  Tunnel  with 
electricity  as  with  steam.  I  feel  confident,  however,  that  better  results 
can  be  attained  with  electric  locomotives,  and  will  be  when  the  experience 
of  locomotive  engineers  is  made  use  of  in  their  design.  The  present  method 
of  fitting  the  motors  between  the  wheels  must  be  abandoned,  and,  when 
they  are  placed  in  the  body  of  the  vehicle,  room  will  be  available  for  more 
powerful  motors,  and  a  higher  centre  of  gravity  (which  is  very  desirable) 
will  be  attained.  In  the  ensuing  comparisons  I  will  assume  that  a  more 
efficient  electric  locomotive  has  been  designed,  giving  15-20  h.p.  per 
ton  even  on  the  3  ft.  6  in.  gauge.  The  next  point  is  to  decide  on  some 
standard  of  prices.  I  propose  to  compute  all  costs  and  charges  on  a  basis 
50  per  cent,  above  pre-war  rates  of  1914,  and  interest  will  therefore  be 
rated  at  6  per  cent.  Taking  a  life  of  twenty-five  years  for  the  locomotives 
and  thirty-five  years  for  the  plant,  depreciation  works  out  at  3  per  cent. 
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for  locomotives  and  2  per  cent,  for  plant.  The  cost  of  electrical  equip¬ 
ment  of  the  permanent-way  is  a  very  difficult  item  to  estimate  at  the 
present  time,  and  enormous  variations  exist  in  the  cost  of  the  various 
lines  electrified  to  date.  For  instance,  the  ten  miles  of  single  track 
electrified  at  Otira  cost  as  much  as  the  114  miles  dealt  with  on  the  Butte, 
Anaconda,  and  Pacific  in  1910. 

It  will  be  instructive  to  consider  the  electrification  of  two  sections  that 
are  representative  of  the  two  types  of  line  on  which  electricity  is  considered 
to  offer  the  most  advantages — a  short  suburban  line  and  a  line  of  heavy 
gradients  ;  and  the  Wellington -Lower  Hutt  line  and  the  Bimutaka  Incline 
suggest  themselves  naturally. 

The  Wellington -Lower  Hutt  section  will  entail  eighteen  miles  of  single 
track,  and  with  a  couple  of  stations  for  the  conversion  of  alternating  to 
direct  current  this  would  have  cost  at  least  £54,000  in  1914.  Assuming 
50  per  cent,  increase  in  the  number  of  suburban  trains  would  give  forty 
trains  each  way  per  day,  and  seven  steam  or  six  electrical  locomotives 
would  be  required  to  deal  with  this  traffic,  each  locomotive  being  of 
1,200  h.p.  and  70  tons  weight.  The  seven  steam-locomotives  would  be 
capable  of  doing  other  useful  work  at  odd  times,  as  the  train-mileage  of 
each  engine  for  the  year  would  be  low,  extra  power  being  required  to 
allow  for  washout  days  and  liability  to  failure.  In  fact,  four  locomotives 
of  either  class  could  do  each  day’s  work.  The  fuel  burnt  per  brake- 
horsepower-hour  would  not  exceed  3f  lb.,  which  is  equivalent  to  5  lb.  of 
coal  per  kilowatt-hour,  or  l^d.  per  electrical  unit.  The  cost  of  electrical 
energy  will  be  taken  at  Jd.  per  unit  at  the  substation,  although  this  does 
not  allow  50  per  cent,  increase  on  the  pre-war  cost.  It  must  be  remembered 
that  a  50-per-cent,  increase  would  apply  both  to  first  cost  and  interest 
charges,  so  that  the  cost  of  an  item  when  the  charges  are  mainly  interest 
and  depreciation  would  be  doubled  where  a  new  system  is  installed,  and 
increased  by  50  per  cent,  in  the  case  of  an  existing  plant  where  loans  are 
falling  due  for  renewal,  as  in  the  case  of  Lake  Coleridge.  However,  to 
avoid  argument  I  will  assume  that  electrical  energy  can  be  delivered  at 
Jd.  per  unit,  which  is  impossible  at  the  low  load-factors  involved.  Taking 
75  per  cent,  efficiency  from  the  input  to  the  locomotive-wheels,  this  will 
give  us  Id.  per  electrical  unit  of  useful  work  ;  or,  in  other  words,  electrical 
energy  will  cost  one-seventeenth  less  than  coal  for  the  same  work,  under 
the  very  generous  assumptions  I  have  made  as  to  the  cost  of  electrical 
energy.  I  will  also  assume  that  the  cost  of  repairs,  which  includes  the 
maintenance  of  locomotives,  overhead  work,  and  substations,  is  50  per 
cent,  less  with  electrical  working  than  for  the  steam-locomotives  alone. 
This  again  is  an  absurdly  flattering  estimate  to  electrification. 

The  Bimutaka  Incline  is  treated  in  the  same  way,  taking  ten  trains, 
each  way  per  day,  each  hauled  by  two  engines,  each  of  60  tons  weight 
and  1,200  h.p.  The  steam-locomotives  would  be  specially-designed  tank 
engines  with  small  water  and  coal  space,  and  the  electrical  locomotive 
could  be  lighter  for  the  same  power  than  the  Lower  Hutt  one,  as  it  works 
for  only  half  an  hour  at  a  time.  The  fuel  burnt  would  be  4J  lb.  per 
brake-horsepower-hour,  or  6  1b.  per  kilowatt-hour,  or'l^d.  per  electrical 
unit,  or  g9¥  more  than  electricity  for  the  same  work,  still  assuming 
the  low  rate  of  Jd.  per  unit.  Table  III  gives  the  full  comparison,  and 
shows  that  electrical  working  is  much  dearer  than  steam  for  either  of 
these  two  sections,  even  on  the  absurdly  generous  estimates  allowed  for 
electricity. 
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Table  III. 


Wellington- 

Lower  Hutt. 

Rimutaka. 

Steam. 

Electricity. 

Steam. 

Electricity. 

Miles  of  single  track 

Cost  of  electrification 

Trains  per  day  each  way 
Locomotives  required 

Cost  of  locomotives 

40 

7  of  70  tons 
£42,000 

18 

£81,000 

40 

6  of  70  tons 
£78,000 

10 

4  of  60  tons 
£24,000 

5 

£30,000 

10 

4  of  60  tons 
£48,000 

Repairs  of  locomotives  per  year 
Fuel  of  locomotives  per  year . . 
Electricity  at  f  d.  per  unit 
Interest  and  depreciation 

£5,000 

£7,000 

£3,780 

£2,500 

£6,500 

£13,500 

£3,000 

£3,000 

£2,160 

£1,500 

£2  *  250 
£6,720 

Total  working-expenses  .  . 

£15,780 

£22,500 

£8,160 

£10,470 

The  advantages  that  are  claimed  by  the  perfervid  advocates  for  electric 
as  compared  with  steam  locomotives  dwindle  down  woefully  when  con¬ 
fronted  with  New  Zealand  conditions.  Dealing  with  them  seriatim, — - 

(1.)  No  greater  tractive  effort  can  be  exerted  with  electric  locomotives 
than  with  steam,  because  of  the  limitations  of  the  draw-gear  and  under¬ 
frames  of  the  present  rolling-stock.  Much  stronger  steam-locomotives 
would  be  built  to-day  if  it  were  not  for  this  reason. 

(2.)  No  greater  horse-power  can  be  exerted.  The  limit  of  power  of  the 
present  steam-locomotive  is  seldom  reached,  being  hindered  by  speed- 
restrictions  due  to  curves  and  light  lines,  load-restrictions  due  to  platform 
and  siding  length  or  to  the  presence  of  ruling  grades  combined  with  the 
limitations  of  draw-bar  pull  mentioned  above. 

(3.)  The  use  of  regenerative  braking  offers  no  advantages,  because  of 
the  few  trains  running.  This  would  not  apply,  of  course,  to  the  electrifi¬ 
cation  of  long  lengths  of  main  lines. 

(4.)  The  large  reduction  in  cost  of  locomotive  repairs  is  offset  by  the 
repairs  to  the  overhead  line  and  other  electrical  equipment.  The  cost 
of  these  would  loom  large  in  comparison  on  account  of  the  small  number 
of  train-miles  run. 

(5.)  No  reduction  in  train-mile  expenses  would  result,  since  heavier 
or  faster  trains  could  not  be  hauled,  and  in  any  case  the  number  of  trains 
is  largely  governed  by  time-table  exigencies  in  studying  the  convenience 
of  the  public. 

(6.)  Increased  cleanliness  would  certainly  result  owing  to  the  absence 
of  smoke,  but  it  is  evident  the  same  end  could  be  much  more  cheaply 
attained  by  the  use  of  powdered  coal  than  by  the  adoption  of  electricity. 

Having  disposed  of  the  two  fashionable  fallacies,  wider  gauge  and  elec¬ 
trification,  a  few  words  remain  to  be  said  on  the  general  tendency  of  steam- 
locomotive  design.  Before,  however,  the  problem  can  be  intelligently 
discussed  it  is  necessary  to  know  something  of  the  practical  efficiency  of 
the  locomotive,  and  to  do  this  it  is  necessary  to  consider  the  efficiencies 
of  the  boiler  and  cylinders  separately.  Still  utilizing  the  data  ascertained 
in  the  trials  already  mentioned,  Table  IV  has  been  prepared. 


Table  IV. — Efficiency  of  the  Locomotive-boiler. 


B.Th.U.  in  1  lb.  coal 

B.Th.LL  given  to  water  per  1  lb.  coal  (9  lb.  at  650°  E.  to  180  lb. 

pressure  and  620°  F.  superheated  less  10  per  cent,  saturated) 
B.Th.U.  in  chimney-gases  (13  lb.  at  400°  E.) 


Efficiency  = 


12650 

14000  =  90  per  cent- 


14,000 

11,550 

1,100 
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It  was  found  that  each  pound  of  coal  evaporated  9  lb.  of  water,  and 
that  the  greater  part  of  this  water  was  turned  into  steam  at  180  lb.  gauge- 
pressure  and  at  a  temperature  of  620°  F.  Assuming,  however,  that  10  per 
cent,  of  the  steam  is  used  in  pumps,  lubricators,  safety-valves,  &c.,  we  find 
that  of  the  14,000  B.Th.U.  in  each  pound  of  coal  11,550  are  transmitted 
to  the  water  in  the  boiler,  giving  an  absolute  efficiency  of  83  per  cent. 
The  cycle-efficiency  is,  however,  greater  than  this.  The  combustion  of  1  lb. 
of  coal  requires  12  lb.  of  air,  thus  giving  13  lb.  of  gas,  which  passes  away 
to  the  atmosphere  at  a  temperature  of  at  least  400°  F.,  since  the  saturated- 
steam  temperature  is  379°  F.  This  loss  is  unavoidable  in  the  cycle  of  boiler 
generation  under  discussion,  and  should  therefore  be  added  to  the  useful 
work,  making  12,650  units  of  heat  accounted  for,  or  a  cycle-efficiency  of 
90  per  cent.  When  it  is  remembered  that  this  10  per  cent,  includes  all 
the  losses  due  to  unburnt  coal  and  incomplete  combustion,  to  radiation,  and 
to  the  heat  in  the  exhaust  gases  above  the  13  lb.  absolutely  necessary  for 
combustion,  it  is  clear  that  there  is  no  ground  for  expecting  any  sensible 
increase  in  locomotive-boiler  efficiency. 

The  cylinder-efficiency  is  a  more  complex  problem.  There  is  no  doubt 
about  the  heat  brought  to  the  cylinders  by  the  incoming  steam.  This  is 
analogous  to  the  potential  energy  in  a  water-power  problem.  The  height 
of  the  tail-race,  or  the  heat-units  in  the  exhaust  steam,  is,  however,  another 
matter.  At  first  sight  it  would  appear  logical  to  assume  that  the  steam 
could  only  be  expanded  to  the  state  of  dry  steam  at  a  pressure  of  10  lb. 
above  the  atmosphere,  since  the  engine  is  non-condensing  and  the  exhaust 
steam  is  required  to  act  as  an  inciter  of  boiler-draught.  Table  Y  has  been 
prepared  on  this  assumption. 


Table  V. — Efficiency  of  the  Locomotive-cyltndeb. 


Satu- 

Super- 

Satu- 

Super- 

rated. 

heated. 

rated. 

heated. 

B.Th.U.  in  1  lb.  steam  (180  lb.  pressure) 

1,197 

1,330 

1,197 

1,330 

B  Th.U.  per  1  lb.  exhaust  steam,  dry,  at  10  lb.  pressure 
B.Th.U.  per  1  lb.  exhaust  steam,  0-082  moisture,  at 

1,160 

1,160 

1,081 

1,083 

10  lb.  pressure 

B.Th.U.  available  per  1  lb.  steam 

37 

170 

116 

247 

B.Th.U.  available  per  b.h.p. -hour 

1,110 

4,131 

3,495 

6,002 

B.Th.U.  equivalent  to  b.h.p. -hour 

•  • 

3 , 145 

•  . 

Efficiency  of  cylinder 

283% 

76% 

90% 

52% 

It  was  found  in  the  trials  already  quoted  that  3  lb.  of  coal  and  27  lb. 
of  superheated  steam  were  used  per  brake-horsepower-hour  ;  but  approxi¬ 
mately  10  per  cent,  of  this  was  used  in  air-pumps,  lubricators,  safety- 
valves,  &c.,  leaving  24-3  lb.  available  for  work.  Now,  each  pound  of  steam 
delivered  up,  under  the  above  assumption,  170  B.Th.U.  to  the  cylinders, 
and  therefore  a  brake-horsepower-hour  is  given  for  every  4,131  units  of  heat 
available  for  use  in  the  cylinders.  The  theoretical  equivalent,  assuming 
that  Joule’s  equivalent  applies  to  the  reverse  operation  of  turning  heat  into 
work,  of  a  brake-horsepower-hour  is  2,830  B.Th.U.,  and  the  cylinder- 
efficiency  is  therefore  70  per  cent.  But  this  includes  all  frictional  losses 
between  the  piston  and  the  driving-wheel  rim,  and  as  these  are  in  the 
neighbourhood  of  10  per  cent.,  as  determined  by  actual  trial,  the  efficiency 
of  the  cylinder  itself  would  seem  to  be  77  per  cent. 

It  is,  however,  when  we  apply  a  similar  assumption  to  the  saturated- 
steam  engine  tested  in  the  same  trials  that  it  appears  untenable.  Since  it 
used  25  per  cent,  more  water  than  the  superheated  engine  for  the  same 
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work,  we  get  24*3  X  f  =  30  lb.  of  steam  used  per  brake-horsepower-hour. 
One  pound  of  steam  at  225  lb.  pressure  expanding  to  10  lb.  pressure  gives 
out  37  B.Th.U.  Therefore  each  brake-horsepower-hour  was  generated  by 
1,110  B.Th.U.,  giving  a  cylinder-efficiency  of  283  per  cent.,  after  allowing 
for  frictional  losses  in  the  machinery. 

However,  this  paves  the  way  for  a  more  rational  assumption.  If  we 
take  it  that  the  saturated  engine  is  working  at  a  cylinder-efficiency  of 
90  per  cent. — and,  remembering  the  loss  shown  on  indicator-diagrams  due 
to  the  exhaust  pressure  not  reaching  as  low  a  mark  as  10  lb.  above  the 
atmosphere,  this  seems  a  maximum  to  expect — we  find  that  each  pound 
of  steam  must  give  out  (allowing  for  10  per  cent,  frictional  losses)  115 
B.Th.U.  of  heat.  Of  these  37  come  from  the  expansion  of  the  steam,  leav¬ 
ing  78  to  be  gained  from  condensation  in  the  cylinder.  That  means  that 
—  0-082  lb.  of  steam  are  condensed  during  the  stroke  out  of  every 
pound  of  steam  admitted  to  the  cylinder.  It  is  now  clear  that  the  ideal 
to  be  aimed  at  is  to  get  as  wet  steam  as  possible  at  the  end  of  the  stroke, 
but  at  present  we  might  assume  that  this  degree  of  wetness  (0-082)  repre¬ 
sents  the  best  condition  we  can  achieve  in  the  locomotive-cylinder. 

Applying  this  “  height  of  tail-race  ”  to  the  superheated  engine  we  find 
the  cylinder-efficiency  falls  to  52  per  cent.  The  advantages  of  superheating 
steam  now  begin  to  appear  under  a  new  aspect.  The  cylinder-efficiency  is 
actually  decreased,  and  this  is  to  be  expected  by  any  one  who  notices  how 
much  hotter  the  cylinder-lagging  is,  and  therefore  how  much  more  heat  is 
lost  in  radiation  with  superheated  steam.  The  usual  explanation  given  in 
text-books  of  the  economy  of  superheated  steam — namely,  that  it  reduces 
cylinder  condensation  and  consequent  loss  on  re-evaporation  —  therefore 
falls  to  the  ground,  and  condensation  appears  in  its  true  light  as  an  ideal 
to  be  aimed  at. 

These  figures,  however,  indicate  one  fact — that  little  or  no  improved 
economy  is  possible  in  the  locomotive  boiler  and  cylinders  above  that 
already  realized  on  the  New  Zealand  Ab  class  locomotive  unless  some 
radical  alteration  is  achieved  in  the  cycle  of  operation.  Higher  superheat 
can  hardly  be  used  with  existing  metals  for  header,  elements,  and  valve- 
chests  than  is  already  attained,  since  an  average  of  620°  F.  in  the  valve- 
chest  obviously  entails  a  maximum  of  considerably  over  700°  F.  in  the 
header  when  working  at  slow  speed  up  heavy  grades  under  fierce  draught. 
Compounding  offers  an  undoubted  advantage  in  fuel-economy,  but  this  is 
smaller  than  is  generally  supposed,  probably  not  exceeding  10  per  cent., 
and  is  obtained  at  a  cost  of  increased  complication  of  machinery,  increased 
friction,  and  increased  liability  of  failure.  Valve-gearing  may  be  simplified 
in  construction  and  maintenance,  but  there  is  little  opening  for  any  steam- 
economy  over  that  obtained  by  the  usual  Walschaert  gear  in  good  order — 
and  it  remains  in  good  order  under  usual  conditions.  The  great  field  for 
saving  that  existed  twenty  years  ago  has  completely  disappeared,  due  to 
the  realization  that  large  boilers  with  wide  fire-boxes  and  big  cylinders 
using  superheated  steam  were  the  main  factors  in  fuel  and  steam  economy. 
The  next  step  forward  lies  along  some  road  that  will  open  up  entirely  new 
vistas  in  locomotive  design,  such  as  the  use  of  pulverized  fuel,  the  applica¬ 
tion  of  a  condenser  to  the  engine,  or,  better  still,  the  discovery  of  some 
new  operating-cycle  for  the  boiler  and  cylinders  ;  and  the  best  we  can  do 
now  is  to  ensure  that  the  forest  remains  visible  through  the  trees — in 
other  words,  that  the  basic  principles  are  not  obscured  by  the  mass  of 
detail  whose  perfecting  was  the  legitimate  duty  of  the  last  generation  of 
locomotive-designers. 


1922.] 
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THE  OPERIKI  PA,  KORINITI,  WHANGANUI  RIVER. 

By  Elsdon  Best,  Dominion  Museum. 

With  illustrations  by  J.  McDonald. 

The  Operiki  Pa,  situated  about  a  mile  from  Koriniti  (Corinth),  on  the 
Whanganui  River,  is  a'  good  example  of  the  old-time  pre-European  fa 
maori,  or  native  fort.  Like  many  others  of  these  old  strongholds,  it  has 
been  used  as  a  cemetery  in  modern  times.  It  was  abandoned  by  the 
natives  after  the  introduction  of  Christianity,  probably  about  the  year 
1845.  The  site  of  the  fa  is  a  rectangular,  gently  sloping  area  of  95 
by  90  yards,  on  the  left  bank  of  the  Whanganui  River,  and  having  on  its 
southern  side  the  precipitous  canon  of  the  Operiki  Creek.  The  river  face 
also  is  a  vertical  cliff,  thus  leaving  two  sides  only  to  be  artificially  defended. 
The  outer  defence  of  the  eastern  side  is  a  fosse,  now  almost  filled  with 
debris,  inside  of  which  are  the  much-eroded  remains  of  an  old  rampart. 
The  northern  side  has  a  rampart  only,  the  land  sloping  down  to  a  small 
gully.  Inside  the  ramparts  a  dense  growth  of  native  trees  and  poplars 
betokens  a  fertile  soil.  This  tree-grown  old  fort  of  neolithic  man  is  an 
extremely  picturesque  place. 

In  the  stream  hard  by  are  a  few  remains  of  an  old  flour-mill,  built  about 
the  year  1850  at  the  instance  of  the  late  Sir  George  Grey.  Three  others 
were  erected  on  the  river  at  the  same  time — one  at  Kaiwhaiki,  one  just 
above  Galatea,  and  one  at  Pipiriki.  The  last-mentioned  one  is  still 
standing,  and  is  utilized  to  drive  the  electric-lighting  apparatus  for  the 
accommodation-house. 

The  local  Natives  tell  of  a  siege  of  Operiki  by  enemies  from  Waikato 
in  the  long  ago.  This  siege  continued  for  some  time,  and  then  Waikato 
constructed  a  large  rangi,  or  tortoise  of  supplejack,  a  closely  woven  fabric. 
This  was  carried  forward  by  many  men,  whom  it  protected  from  frontal 
and  overhead  spear  attack.  Their  plan  was  to  plant  the  tortoise  at  the 
base  of  the  maioro  (rampart)  and  then  undermine  the  earthwork.  That 
plan  came  to  naught,  for  the  besieged  constructed  a  Jcotaretare  and  so  saved 
their  ramparts.  A  number  of  long  poles  were  placed  so  as  to  rest  on  the 
upper  rail  of  the  stockade  and  project  out  beyond  the  rampart.  Cross¬ 
pieces  secured  to  these  formed  a  sloping  elevated  platform.  The  inner 
end  was  secured,  then  men  stationed  on  its  outer  end  cast  down  heavy 
boulders  of  stone  and  smashed  in  the  roof  of  the  tortoise.  Long  spears  were 
then  brought  to  bear  on  the  discomfited  occupants,  and  many  were  so  slain. 
As  the  survivors  withdrew,  the  men  of  Operiki  crowded  the  fuwhara,  or 
lighting-stages,  and  roared  forth  the  famed  ngeri  (taunting-song)  of  Operiki  : — 

“  Te  rongo  mai  koia  koe 
Ko  te  waro  hunanga  kai  tenei  ? 

Ko  te  waro  hunanga  tangata  tenei 
Ko  nga  Tuatara  o  Kawakawa. 

Kei  ngenge  kau  ou  turi 
I  te  hapainga  i  te  kakau  o  te  hoe 
A  kia  riro  atu  te  Toka  i  Matai 
E  tu  ake  nei  te  whakawehi  o  te  riri.” 

(“  Have  you  not  heard  that  here  is  the  dread  chasm  in  which  man 
and  food  are  destroyed,  and  of  the  famed  tuatara  of  Kawakawa  ?  Have 
care  lest  your  knees  be  wearied  to  no  purpose  in  wielding  the  paddle-shafts. 

When  the  Rock  of  Matai,  the  buckler  of  war-time,  is  carried  away,  then 
may  ye  prevail.”) 
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The  Toka  i  Matai  is  a  great  boulder  in  the  river  near  the  pa.  Long 
years  ago  I  heard  this  tale,  when  grey  old  Wineti  was  an  active  young  man, 
and,  fired  by  the  recital  of  old-time  deeds  as  told  by  Komene,  he 


Fig.  1. — Operiki  Pa,  at  Koriniti. 


Fig.  2. — Eastern  face,  Operiki  Pa,  showing  fosse  and  rampart. 


sprang  to  his  feet  on  the  grassy  slope  above  the  pa,  and  led  the  roaring 
chorus  of  the  ngeri.  The  fierce  measure  was  echoed  back  by  the  opposing 
hills,  and  one  could  picture  that  scene  of  the  crushed  rangi  and  the  death 


Fig.  3. — Outer  earthwork  of  Operiki,  eastern  face. 

On  the  low  hill  above  Koriniti  Village  are  seen  the  remains  of  Nga 
Mokamokai,  a  redoubt  built  by  our  forces  in  the  middle  “  sixties,”  and 
garrisoned  for  some  time.  Similar  redoubts  were  erected  at  Parikino. 
Tawhiti-nui,  and  Pipiriki.  The  two  former,  and  that  at  Koriniti,  were  erected 
after  the  fight  at  Pipiriki  in  1865,  and  a  small  steamboat  was  employed  to 
keep  the  garrisons  in  supplies. 

The  old  native  name  of  the  place  now  called  Koriniti  (Corinth)  was 
Otukopiri.  A  number  of  these  wretched  Biblical  names  are  met  with  along 
the  river,  as  Raorikia,  Atene,  and  Hiruharama  (Laodicea,  Athens,  and 
Jerusalem). 
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struggle  of  the  tortoise-bearers.  But  a  raucous  shriek  broke  the  charm 
and  banished  seventeenth-century  dreams  as  the  smoke  of  the  white  man’s 
fire-canoe  poured  over  the  cliff-head,  and  she  churned  past  the  Toka  i  Matai 
to  swing  into  her  marks  for  the  upper  reach. 

The  “  Tuatara  of  Kawakawa  ”  seems  to  denote  the  fighting-men  of 
Operiki.  Kawakawa  is  a  place  about  200  yards  up-river  from  the  pa, 
where  two  large  boulders  in  the  river  were  named  Parui  and  Parae-rarauhe, 
after  two  enemies  there  slain. 


20 — Science. 
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TI  RAKAU,  AN  OLD  MAORI  PASTIME. 

By  Elsdon  Best. 

With  illustration  by  J.  McDonald. 

This  game  was  also  known  as  poi  rakau  and  titito  uretua  ;  the  sticks  employed 
being  termed  titi  and  toi.  The  performers  either  kneel  or  sit  down.  Perhaps 
this  amusement  should  be  classified  as  a  game  rather  than  a  mere  pastime, 
inasmuch  as  the  element  of  contest  enters  into  it.  Some  differences  in  the 
method  of  playing  the  game  seem  to  have  obtained,  as  in  different  districts. 
Thus  it  was  played  by  four,  six,  or  more  persons,  and  each  player  was 
provided  with  one  or  two  sticks  (titi).  These  sticks  are  about  2  ft.  in  length, 


Ti  rakau ,  as  played  at  Rotorua. 


and,  in  former  times,  were  in  some  cases  adorned  with  carved  designs. 
The  players  arrange  themselves  in  a  circle,  and  the  movements  of  the 
exercise  are  made  to  conform  to  a  time  song,  a  simple  formula.  The 
players  hold  the  sticks  upright  in  front  of  them,  and,  when  they  commence 
to  sing,  they  move  the  sticks  up  and  down  with  an  easy  rhythmic  swing. 
At  certain  words  of  the  time  song  the  sticks  are  thrown  from  hand  to  hand — - 
thrown  across  the  circle  and  dexterously  caught.  In  this  simultaneous 
throwing  care  is  necessary  to  prevent  the  sticks  striking  each  other  in 
transit.  At  certain  times  the  sticks  are  thrown  from  hand  to  hand  round 
the  circle  instead  of  across  it.  The  players  do  not  sit  close  together. 
There  are  several  such  variations,  and  when  the  players  are  expert  the 
game  is  quite  an  interesting  one  to  watch.  Of  late  years  the  natives  of 


1922.1 


Best. — Ti  Rakau,  an  Old  Maori  Pastime. 


307 


Rotorua  have  resuscitated  this  old-time  game,  the  knowledge  of  which 
had  been  almost  lost. 

It  is  an  interesting  fact  that  the  Maori  of  yore  ever  encouraged  such 
games  as  the  above — any  amusement,  though  apparently  a  mere  pastime, 
that  demanded  the  exercise  of  certain  faculties,  as  quick  judgment,  manual 
dexterity,  agility,  &c.  Such  games  were  looked  upon  as  being  desirable 
exercises,  excellent  training  for  lads  who  would  soon  need  such  qualities 
in  the  use  of  arms.  Girls  were  thought  to  acquire  grace  of  action  in 
playing  such  games,  and  so  became  fitted  to  join  ceremonial  dances 
performed  before  visitors. 


DIVINATORY  RITES  OF  THE  MAORI. 

By  Elsdon  Best,  Dominion  Museum. 

With  illustrations  by  J.  McDonald. 

In  pre-European  days  the  tohunga  matakite ,  or  divination  expert,  possessed 
a  remarkable  budget  of  charms  and  ceremonial  performances  whereby  he 
was  enabled,  in  native  belief,  to  peer  into  the  future,  and  even  to  con¬ 
trol  natural  phenomena.  Some  of  the  divinatory  practices,  of  the  Maori 
were  of  an  exceedingly  puerile  nature.  We  often  marvel  as  to  how  any 
people,  however  backward  and  ignorant,  could  place  faith  in  such  absurd 
acts.  But  those  who  have  told  us  of  these  childish  practices  have  never 
explained  to  us  the  cause  of  the  faith  displayed  in  them  by  performers  and 
the  people  generally.  That  cause  may  be  explained  as  follows  :  The  faith 
in  the  gods,  their  powers  and  far-reaching  influence,  felt  by  the  Maori,  was 
deep  and  strong.  Their  influence  is  seen  in  the  most  trivial  occurrences  : 
no  leaf  falls  earthward  but  feels  the  powers  of  the  gods.  This  belief  it  was 
that  provided  much  employment  for  the  priestly  experts,  shamanistic 
mediums,  augurers,  and  thaumaturgists  of  Maoridom.  "When  these  gentry 
performed  any  act  or  simple  rite  in  connection  with  which  the  powers  and 
influence  of  the  gods  was  a  necessary  factor,  such  ceremonies  were  invariably 
preceded  or  accompanied  by  charms.  It  was  the  power  of  these  charms, 
albeit  an  indirect  influence,  that  induced  the  gods  to  assist  the  petitioner. 
Given  the  complacent  attitude  of  the  gods,  then  the  dicta  of  those  gods 
might  be  manifested  in  any  trivial  occurrence.  When  it  is  believed  that 
a  common-place  occurrence  emanates  from  the  gods,  that  it  is  a  manifesta¬ 
tion  of  their  will  and  power,  then  it  ceases  to  be  common-place.  Such,  then, 
was  the  viewpoint  of  the  Maori,  and  this  fact  should  be  borne  in  mind  by 
those  who  make  any  study  of  such  ceremonial  performances  as  that  described 
below. 

The  Raurau  Divinatory  Rite. 

This  curious  performance  serves  as  an  illustration  of  artificial  divination, 
as  distinct  from  natural  divination,  in  which  oracular  utterances  are  issued 
by  human  mediums  possessed  of  the  divine  afflatus.  The  raurau  rite, 
as  performed  among  the  Matatua  tribes,  was  explained  to  me  by  the  late 
Hamiora  Pio,  of  Te  Teko,  a  man  who  possessed  great  faith  in  divination 
and  many  strange  omens.  This  old  warlock  it  was  who  explained  to  me 


308  The  N.Z.  Journal  of  Science  and  Technology.  Pan. 

one  extraordinary  phallic  rite  by  means  of  which  the  shafts  of  black  magic 
may  be  warded  off.  He  also  provided  me  with  a  charm  that  causes  such 
shafts  to  recoil  on  and  slay  the  wizard.  He  urged  me  to  rely  on  these 
in  order  to  protect  my  life-principle.  Sad  to  relate,  I  do  not  seem  to 
possess  the  necessary  mana,  for  no  single  person  I  have  tried  them  on  has 
yet  died. 

When  a  tribe  was  about  to  tread  the  war-path  it  was  considered  desirable 
to  ascertain  the  result  of  the  coming  fight,  as  to  which  clans  would  suffer, 
and  the  extent  of  such  Joss.  It  was  at  such  times  that  the  raurau  rite 
proved  to  be  a  most  useful  institution.  The  performance  of  this  rite  by 
a  seer  ( matakite ,  matatuhi)  was  remarkable  for  its  simplicity  and  efficacy. 
He  first  constructed  a  small  earthen  mound  for  each  hajpu  (sub-tribe,  or  clan) 
about  to  take  part  in  the  fight.  He  stuck  in  the  top  of  each  mound  a  green 
branchlet  of  karamu  ( Coprosma ),  and  in  front  of  each  mound  he  placed  a 


Fig.  1. — The  raurau  rite. 


small  stick  on  the  ground  endwise  on  to  the  mound.  The  next  act  of  the 
expert  was  to  recite  the  formula,  or  charm,  that  had  the  effect  of  inducing 
the  gods  to  exercise  their  powers  and  send  the  answer  to  the  acted  query. 
This  appeal  to  the  gods  had,  I  am  informed,  a  remarkable  effect.  The 
small  sticks  lying  in  front  of  each  mound  could  be  seen  slowly  advancing, 
gliding  along  the  surface  toward  the  mounds,  as  though  to  attack  them. 
The  leafy  branchlets  stuck  in  the  mounds,  each  of  which  represented  a  clan, 
now  gave  evidence  as  to  the  fate  in  store  for  each.  For  every  man  of 
a  clan  who  was  doomed  to  fall  in  the  coming  fray  a  leaf  would  fall 
from  the  branchlet  of  Coprosma  representing  that  clan.  The  onlookers 
would  eagerly  watch  the  branchlets  in  order  to  see  what  fate  held  in 
store  for  them,  for  this  rite,  unlike  many,  seems  to  have  been  performed 
in  public. 

The  important  feature  about  this  and  similar  ceremonies  is  that  the 
gods  were  believed  to  be  thg  motive  power  behind  the  moving  sticks  and 
falling  leaves.  As  to  how  the  operator  caused  them  to  so  move  and  fall, 
if  they  really  did  so,  I  have  no  information. 
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The  Niu. 

This  was  a  very  common  method  of  divination  among  the  Maori  folk, 
and  many  writers  have  described  or  mentioned  it.  The  word  niu  is  also 
applied  to  the  topa  or  koke,  at  least  when  practised  for  the  purpose  of  divina¬ 
tion.  The  word  topa  denotes  a  childish  pastime  of  former  times.  A  leaf 


Fig.  2.  — The  niu  :  Throwing. 


Fig.  3. — The  niu  :  Contemplation. 


of  wharangi  (Br achy glottis  repanda),  from  which  the  petiole  has  been 
removed,  has  the  lower  end  of  a  seed-stalk  of  some  tall  grass  inserted  in  the 
base  of  its  midrib.  This  balanced  contrivance  is  launched  from  a  height, 
as  from  the  bank  of  a  river,  and.  if  well  balanced  and  launched  by  a  swift 
movement  of  the  hand,  will  glide  through  the  air  for  a  considerable  distance 
ere  coming  to  earth.  This  term  niu  is  one  of  much  interest.  It  is  a  far- 
spread  Polynesian  name  for  the  coconut,  and  the  coconut  was  much 
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employed  for  purposes  of  divination  in  Polynesia.  Thus  the  name  was 
introduced  here  by  the  Maori,  but,  lacking  the  coconut,  he  applied  the  term 
to  other  methods  of  divination,  and  even  employed  it  in  a  generic  manner. 
The  Polynesian  twirled  the  coconut  as  a  divinatory  act ;  the  niu  sticks  of 
the  Maori  were  thrown. 

The  illustration  shows  a  native  about  to  cast  the  niu.  He  has  a  number 
of  straight  pieces  of  fern-stalk  (the  stipe  of  Pteris  aquilina).  One  of  these 
is  stuck  in  the  earth  in  a  vertical  position.  On  each  of  the  other  pieces  is 
tied  a  strip  of  flax-leaf  ( Phormium ).  These  sticks  represented  the  different 
individuals,  clans,  or  tribes,  whose  fortune  it  was  desired  to  forecast.  The 
operator  lays  one  of  the  sticks  on  the  palm  of  his  right  hand,  and,  with  a 
quick  thrust  of  the  hand  forward,  casts  it  at  the  vertical  stick.  Each  stick 
is  so  cast,  and  auguries  are  drawn  from  the  manner  in  which  they  fall,  to 
right  or  left  of  the  vertical  stick,  one  on  another  or  separate,  and  also  from 
the  position  of  the  flax-knot,  as  to  whether  it  falls  upward  or  downward. 

Another  method  of  divination  was  to  balance  the  free  sticks  on  the  tops 
of  others  stuck  vertically  in  the  ground.  Having  so  carefully  balanced  them, 
the  operator  would  depart,  and  return  after  a  certain  lapse  of  time  to  observe 
the  position  of  the  balanced  sticks.  Auguries  were  derived  from  the  con¬ 
dition  in  which  the  sticks  were  found,  the  number  that  had  fallen,  and  the 
position  in  which  they  lay. 


INTERNATIONAL  GEOLOGICAL  CONGRESS. 

Thirteenth  Session,  Belgium,  1922. 

The  Organizing  Committee  for  the  Thirteenth  International  Geological 
Congress  has  issued  a  circular  stating  that  the  Congress  will  meet  at 
Brussels  from  Thursday,  10th  August,  to  Saturday,  19th  August,  1922. 
Excursions  in  connection  with  the  Congress  will  begin  on  1st  August  and 
continue  until  3rd  September. 

Lists  of  the  subjects  to  be  discussed  and  of  the  excursions  are  given  in 
the  circular,  a  copy  of  which  may  be  seen  at  the  Geological  Survey  Office, 
Wellington. 


AUSTRALASIAN  ASSOCIATION  FOR  THE  ADVANCE¬ 
MENT  OF  SCIENCE  CONGRESS. 

Sixteenth  Session,  Wellington,  1923. 

The  Australasian  Association  for  the  Advancement  of  Science,  which  has 
been  in  existence  since  1888,  will  hold  its  next  Congress  at  Wellington  in 
January,  1923,  and  preparations  are  now  being  made  by  the  New  Zealand 
members  which,  it  is  hoped,  will  make  the  forthcoming  conference  one  of 
the  most  memorable  of  its  kind. 

Amongst  the  visitors  from  Australia  will  be  the  President,  Sir  G.  H. 
Knibbs,  Director  of  the  Institute  of  Science  and  Industry  of  the  Common¬ 
wealth  ;  Sir  Baldwin  Spencer,  President  of  the  Section  Ethnology  and 
Anthropology ;  Professor  Harvey  Johnston,  President  of  the  Section 
Biology ;  and  Mr.  Keith  Ward,  Government  Geologist,  Melbourne,  President 
of  the  Section  Geology. 

Intending  subscribers  are  requested  to  communicate  with  either 
Professor  Marsden  or  Professor  Cotton,  Victoria  University  College. 
Wellington.  Early  payment  of  the  subscription  fee,  £1,  will  greatly 
facilitate  the  work  of  the  Honorary  Secretaries. 
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DEPARTMENTAL  REPORT.  . 

On  the  Geological  Survey  of  the  Whangarei  and  Bay  of 

Islands  Subdivision. 

By  H.  T.  Ferrar,  M.A.,  F.G.S.,  N.Z.  Geological  Survey. 

The  systematic  survey  of  the  North  Auckland  Peninsula  had  been  pending 
for  a  number  of  years,  but  it  was  not  until  November,  1919,  that  circum¬ 
stances  allowed  this  work  to  be  undertaken. 

Two  field  seasons  were  occupied  in  the  examination  of  an  area  which 
has  been  called  the  Whangarei  and  Bay  of  Islands  Subdivision.  .  The 
boundaries  of  the  subdivision  are  arbitrary,  and  include  the  following 
survey  districts  :  Whakarara,  Kerikeri,  Kawakawa,  Bay  of  Islands,  Russell, 
Whangaruru,  Hukerenui,  Opuawhanga,  Purua,  Whangarei,  Taiharuru, 
Taranga,  and  a  small  part  of  Ruakaka — in  all  an  area  some  1,095  square 
miles  in  extent,  within  the  Whangarei  and  Bay  of  Islands  Counties. 
Mr.  J.  A.  Bartrum,  M.Sc.,  of  Auckland  University  College,  assisted 
with  the  field-work  for  two  months  during  the  first  field  season,  and 
Mr.  W.  H.  Cropp,  A.O.S.M.,  for  six  months  in  the  second  season. 

The  Objects  of  the  Survey. 

The  objects  of  the  survey  were  primarily  utilitarian.  Coal  has  been 
exported  from  the  district  for  more  than  fifty  years,  but  the  once  well- 
known  Kawakawa  Mine  closed  down  many  years  ago,  and  in  later  years 
other  mines  have  shown  signs  of  exhaustion.  Hence  one  of  the  chief  objects 
of  the  survey  was  to  delineate  the  boundaries  of  the  known  coal-bearing 
areas ;  further,  by  a  study  of  the  conditions  under  which  workable  seams 
of  coal  occur,  to  determine  the  localities  which  might  hold  hidden  coal¬ 
beds.  Other  objects  of  the  survey  were  to  study  the  occurrence  of  minerals 
of  economic  value,  and  to  gather  material  relative  to  the  productivity  of 
the  soils  and  thus  construct  a  soil-map  of  the  district. 

In  order  to  know  the  conditions  under  which  workable  coals  occur  if 
is  necessary  to  determine  the  stratigraphical  succession.  The  sequence  of 
the  younger  rocks  in  North  Auckland  had  long  been  a  puzzle  to  geologists, 
but  it  is  thought  that  the  jiresent  survey  has  rightly  interpreted  the  field 
evidence,  and  the  following  notes  will  deal  mainly  with  this  geological 
interpretation. 

Outline  of  the  Geological  History. 

The  subdivision,  with  an  average  breadth  of  about  sixteen  miles,  extends 
south-eastwards  from  the  Cavalli  Islands  for  a  distance  of  seventy  miles 
to  Bream  Head.  Two  types  of  country  may  be  distinguished — namely,  a 
continuous  belt  of  highland  country  bordering  the  coast,  and  a  belt  of 
lower  hilly  country  on  the  inner  (or  south-west)  side  of  this  highland  belt. 
The  first  is  a  crust-block  or  series  of  crust-blocks  consisting  of  shattered 
and  crumpled  Trias-Jura  sediments  ;  the  second  is  a  downfaulted  and 
down  warped  area  covered,  as  in  other  parts  of  New  Zealand,  by  Cretaceous 
and  Tertiary  deposits,  through  which  rise  smaller  block  mountains  of  the 
Mesozoic  rocks. 

From  the  fact  that  remnants  of  the  Notocene  deposits  are  found  scattered 
upon  the  surface  of  the  higher  mountainous  belt  we  know  that  what  is  now 
North  Auckland  was  depressed  below  sea-level  in  later  Mesozoic  times. 
Upon  this  Mesozoic  sea-floor  were  deposited  conglomerates,  impure  lime¬ 
stones,  and  claystones,  conveniently  referred  to  as  the  Onerahi  formation, 
since  the  lower  beds  are  developed  in  the  neighbourhood  of  Onerahi. 
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A  period  of  uplift  followed,  accompanied  by  faulting,  by  the  extrusion 
of  volcanic  rocks  of  intermediate  composition,  and  by  erosion  which  wore 
down  these  soft  sediments  to  a  nearly  plane  surface.  After  an  interval 
another  depression  ‘  allowed  the  accumulation  of  the  conglomerates,  grits, 
coal,  sandstones,  limestones,  and  claystones  of  the  Whangarei  formation. 
These  deposits  were  then  uplifted,  and  have  been  exposed  to  subaerial 
denudation  from  Pliocene  times  until  the  present  day,  except  where  covered 
and  protected  by  basaltic  lava-flows  erupted  during  the  Pliocene  and 
Pleistocene  periods. 

The  Stratigraphical  Succession. 

The  following  table  sets  out  the  above  sequence  of  events,  and  includes 
a  tentative  attempt  to  correlate  the  deposits  of  North  Auckland  with  the 
Notocene  succession  in  other  parts  of  New  Zealand,  as  well  as  with  their 
probable  homotaxial  equivalents  in  Europe. 


Local  Name. 

Description  of  Strata. 

Series  or  System. 

Approximate 

Age. 

Swamps,  alluvium,  wind-blown  sands 

•  • 

Recent. 

Purua  beds,  50  ft. 

Gravels,  carbonaceous  sandstone, 
sands,  fresh-water  leaf-beds 

Pleistocene. 

Period  of  block  -  faulting  :  erosion  ; 
extrusion  of  rhyolitic  tuffs  and 
basic  lavas 

Pliocene. 

Whangarei  forma¬ 
tion,  1,000  ft. 

Grey  claystones  or  calcareous  sand¬ 
stones 

Calcareous  claystones  and  arenaceous 
limestone,  300  ft. 

Crystalline  or  Whangarei  limestone, 
130  ft.  to  250  ft. 

Glauconitic  and  argillaceous  sand¬ 
stone,  300  ft.  to  500  ft. 

Conglomerate,  grit,  &c.,  with  coal, 
50  ft.  to  100  ft. 

'X 

)>  Oamaruian 

J 

Miocene  and 
Oligocene. 

Erosional  interval :  fracturing  of 
strata, ;  extrusion  of  volcanic  rocks 
of  intermediate  composition 

Eocene. 

Onerahi  forma- 
tion,  1,500  ft. 

r 

; 

Impure  limestones,  claystones,  or 
greensands 

Flint-beds  of  Hukerenui  and  hydrau¬ 
lic  or  Mahurangi  limestone 
Greensand,  grit,  and  conglomerate 

1 

S-Waiparan 

J 

Cretaceous. 

Post- Jurassic  orogenic  movements : 
erosion. 

Waipapa  formation, 
16,000  ft. 

Argillites,  greywackes,  sandstones, 
quartzites,  and  minor  limestones 

Hokanuian 

Trias-Jura. 

Kerikeri  series 

Wairakau  series  . . 

Igneous  Rocks. 

Rhyolitic  tuffs,  basalts,  and  scoria- 
cones 

Andesitic  agglomerates  and  andesites 

Pliocene- 

Recent. 

Eocene- 

Miocene. 

The  order  of  succession  shown  by  the  above  table  differs  from  the  order 
adhered  to  by  Hector  and  McKay  chiefly  in  placing  the  hydraulic  limestone 
below  the  coal-measures  instead  of  above  them.  It  approximates  to  the 
succession  suggested  by  Cox,  who  placed  the  Whangarei  limestone  above 
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the  hydraulic  limestone,  and  it  agrees  with  Hutton’s  view  as  to  the  position 
of  the  North  Auckland  coal.  This  point  is  of  prime  importance,  since  on 
it  depends  the  distribution  of  possible  coal-bearing  areas.  That  the  coal 
is  Oamaruian  in  age  is  now  beyond  doubt,  for  marine  Oamaruian  fossils 
have  been  found  in  closely  associated  beds  both  above  and  below,  and  the 
Whangarei  limestone  with  Amphistegina  and  other  Tertiary  forms  occurs 
not  far  above  the  coal.  Up  to  the  present  no  indications  of  coal  have  been 
seen  in  or  beneath  the  Onerahi  formation,  and  coal  would  seem  to  be  absent 
in  those  areas  where  the  Whangarei  strata  rest  upon  the  denuded  surface 
of  the  rocks  of  the  Onerahi  formation. 

The  Interpretation  of  the  Geological  Column. 

The  observations  and  deductions  made  by  other  workers  in  this  district 
may  be  found  in  the  older  reports  of  the  Geological  Survey  and  in  recent 
volumes  of  the  Transactions  of  the  New  Zealand  Institute ,  where  also  lists  of 
papers  dealing  with  this  subject  are  given.* * * §  In  the  following  paragraph 
the  divergent  views  there  promulgated  are  comjiared  with  the  results 
obtained  by  a  systematic  mapping  of  a  particular  area. 

Hectorf  thought  the  coal-measures  of  North  Auckland  to  be  at  the 
base  of  his  Cretaceo-Tertiary  formation,  and  made  them  dip  beneath  the 
hydraulic-limestone  series  as  they  seem  to  do  at  Kawakawa.  The  Whangarei 
limestone  had  to  accompany  the  coal.  McKay {  similarly  always  main¬ 
tained  that  the  Whangarei  limestone  was  below  the  hydraulic  limestone. 
A  careful  perusal  of  his  reports  gives  the  impression,  however,  that  after 
he  had  found  fossils  of  Tertiary  facies  at  Kawakawa  he  was  not  really  sure 
in  his  own  mind  on  this  point.  He  also  correlated  the  hydraulic  limestone 
with  the  Amuri  limestone.  Hutton§  was  aware  that  Oamaruian  fossils 
had  been  found  in  beds  below  the  Whangarei  limestone,  which  was  sup¬ 
posed  to  underlie  the  hydraulic  limestone,  and  showed  that,  if  this  was 
the  case,  the  hydraulic  limestone  could  not  be  correlated  with  the  Amuri 
limestone. 

McKay’s||  section  at  Waiomio  has  been  quoted  in  recent  discussion.  He, 
however,  seems  to  have  misinterpreted  the  evidence  here,  for,  although  the 
hill  which  his  section  shows  to  be  composed  of  hydraulic  limestone  does 
belong  to  that  formation,  the  Whangarei  limestone,  which  is  shown  as 
passing  beneath  the  hydraulic  limestone,  does  not  do  so  ;  it  has  been  found 
to  rest  upon  it  on  the  same  spur  of  which  the  hill  forms  part. 

Cox  has  shown  the  stratigraphical  succession  at  Limestone  Island  and  at 
Mount  Tiger  by  two  clear  diagrams. In  the  first  the  impression  is  given 
that  an  unconformity  exists  between  the  Whangarei  limestone  and  the 
hydraulic  limestone  ;  in  the  second  he  shows  a  confoimable  series  from 
the  top  of  the  Whangarei  or  crystalline  limestone  to  the  brown  sandstone 
resting  upon  the  slate  rocks.  He  always  writes  of  an  upper  (the  crystalline) 
and  a  lower  (the  hydraulic)  limestone,  and  remarks  that  in  certain  cases 
coal  appears  below  the  upper  limestone  and  brown  sandstone. 

The  present  survey  has  shown  that  the  Whangarei  limestone  is  younger 
than  the  hydraulic  limestone,  and  the  weight  of  evidence  that  has  accumu¬ 
lated  is  now  sufficiently  great  to  put  an  end  to  the  long  controversy  which 
has  centred  about  the  relative  ages  of  the  two  limestones.  Stratigraphical 
superposition  of  the  crystalline  limestone  upon  the  Onerahi  formation  may 


*  J.  A.  Thomson,  Trans.  N.Z.  Inst.,  vol.  52,  p.  420,  1920. 

f  J.  Hector,  Rep.  Geol.  Explor.  dur.  1892-93  (No.  22),  p.  xii,  1894. 

j  A.  McKay,  Rep.  Geol.  Explor.  dur.  1887-88  (No.  19),  p.  55,  1888. 

§  F.  W.  Hutton,  Trans.  N.Z.  Inst.,  vol.  22,  p.  380,  1890. 

!|  A.  McKay,  loc.  cit.,  p.  43. 

Tf  S,  H.  Cox,  Rep.  Geol.  Explor.  dur.  1876-77  (No.  10),  p.  96,  1877. 
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be  seen  at  the  upper  end  of  the  spur  referred  to  above,  which  separates  the 
two  branches  of  the  Waiomio  Creek.  On  the  south  side  of  the  bridge  which 
carries  the  old  Onerahi  Road  over  the  Awaroa  Creek,  and  on  the  right  bank 
of  the  creek,  the  brown  sandstones  of  Mount  Tiger  which  dip  beneath  the 
crystalline  limestone  of  “  The  Abbey,”  Whangarei,  rest  upon  the  upturned 
edges  of  claystones  belonging  to  the  Onerahi  formation.  (“  The  Abbey,” 
Whangarei,  is  the  spot  referred  to  by  Cox* * * §  as  the  “  Whareora  Caves.”) 
At  Ruarangi  Hill,  two  and  a  half  miles  south-west  of  Whangarei  Railway- 
station,  crystalline  limestone  rests  upon  steeply  dipping  hydraulic  limestone 
without  the  interposition  of  the  brown  sandstone.  At  Onemama  Point, 
Whangarei  Harbour,  an  almost  horizontally  bedded  crystalline  limestone 
(at  this  particular  point  a  calcareous  sandstone)  covers  a  brecciated  and 
eroded  surface  of  steeply  dipping  hydraulic  limestone.  Marked  angular 
unconformity  is  shown  at  all  the  above  points,  as  well  as  in  many  other 
less  accessible  localities.  The  fact  that  as  a  rule  the  Whangarei  formation 
rests  upon  the  denuded  surface  of  the  Trias- Jura  rocks  without  the  inter¬ 
position  of  the  Onerahi  formation  is  evidence  of  a  long  intervening  period 
of  erosion. 

The  Ages  of  the  Two  Limestones. 

The  exact  age  of  the  hydraulic  limestone  is  not  yet  determined,  since  no 
identifiable  fossils  have  been  found  in  it.  McKay  has  recorded  Cretaceous 
fossils  from  Whangaroa  Harbour  and  in  the  Waitangi  valley  opposite 
(west  of  ?)  Waimate  North,  and  also  in  several  localities^  in  the  Whangarei 
and  Bay  of  Islands  Subdivision  in  deposits  of  the  Onerahi  formation. 
Bell  and  Clarke J  record  fossils  of  Cretaceous  aspect  in  the  lower  part  of 
their  Kaeo  series,  which  would  seem  to  lie  beneath  the  Onerahi  beds 
developed  in  that  neighbourhood.  Thus  the  hydraulic  limestone  cannot 
be  older  than  Cretaceous.  Since  the  Onerahi  formation  is  separated  by 
an  erosional  interval  from  the  Whangarei  formation,  which  contains  an 
Oamaruian  (Miocene)  fauna,  the  hydraulic  limestone  cannot  be  as  young 
as  Miocene. 

The  age  of  the  Whangarei  limestone,  can  be  determined  with  more 
exactitude.  In  the  crystalline  limestone  Amphistegina,  a  foraminiferal 
genus,  is  of  common  occurrrence.  Mr.  F.  Chapman,  of  the  National  Museum, 
Melbourne,  states§  that  “  whenever  it  is  found  abundantly  in  fossil  deposits 
one  may  conclude  we  are  dealing  with  Miocene  strata.” 

Recent  collections  of  fossils  from  the  Whangarei  limestone  and  associated 
beds  have  been  identified  by  Mr.  J.  Marwick,  of  the  Geological  Survey  staff. 
Fossils  from  the  Takou  River,  Kawakawa,  Hikurangi,  Kamo,  Awaroa 
Creek,  and  Te  Mata  (Hewlett’s)  Point  prove  that  the  Whangarei  formation 
belongs  to  the  Omaruian  system,  and  is  therefore  of  Miocene  age.  The 
crystalline  limestone  contains  fossils  characteristic  of  the  Ototaran  stage. 

Conclusion. 

From  the  above  statements  it  follows  that  the  crystalline  (Whangarei) 
limestone  is  of  Miocene  age,  and  belongs  to  the  Ototaran  stage  of  the 
Oamaruian  system  ;  and  that  the  hydraulic  (Mahurangi)  limestone  must 
be  late  Mesozoic,  or  possibly  early  Tertiary.  In  thus  interpreting  the  strati- 
graphical  succession  a  great  advance  has  been  made  towards  the  solution 
of  several  economic  problems. 


*  S.  M.  Cox,  loc.  cit.,  p.  102. 

f  A.  McKay,  loc.  cit.,  p.  45. 

j  J.  M.  Bell  and  E.  de  C.  Clarke,  N.Z.  Geol.  Surv.  Bull.  No.  8,  p.  58,  1909. 

§  Trans.  N.Z.  Inst.,  vol.  48,  p.  99,  1916. 
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On  the  Occurrence  of  a  Parasitic  Copepod  on  the  New  Zealand  Ling, 

by  W.  J.  Phillipps,  F.L.S.,  F.R.G.S.,  Dominion  Museum. 

Mr.  Dore,  of  the  Bacteriological  Department,  Wellington,  recently 
secured  a  ling,  Genyptems  blacodes  (Bloch  and  Schneider),  caught  by  a 
hand-line  at  Lyall  Bay  and  badly  infected  with  very  peculiar  parasitic 
copepods.  The  ling  itself  was  between  4  ft.  6  in.  and 
5  ft.  in  length,  and  the  body  was  extremely  emaciated. 

Some  seven  copepods  projected  externally  from  the  sides 
of  the  body,  while  three  smaller  examples  were  seen  on 
the  gills,  all  of  which  were  identical  with  Sphyrion 
laevigatum  Cuvier*  as  described  and  figured  by  Thomson]* 
under  the  name  of  Lesteira  Jcroyeri.  Two  specimens 
(females)  have  been  handed  to  me  for  description. 

The  individuals  each  consist  of  a  transversely  elongated 
head,  a  long  cylindrical  neck,  and  an  expanded  and 
vertically  flattened,  heart-shaped  genital  segment  which 
supports  two  long  filiform  egg-tubes  and  two  large  bunches 
of  coralline-like  appendages.  The  head  is  large  and  len¬ 
ticular,  shaped  with  the  long  axis  transverse  to  the 
vertical  plane  of  the  body,  and  has  eight  gristle-like, 
irregular,  and  three-layered  protuberances,  which  radiate 
from  a  central  portion  surrounding  the  mouth.  The  two 
extreme  lateral  protuberances  are  each  divided  into  two 
circular  heads. 

The  whole  of  the  head,  the  mouth -parts,  and  about 
2  mm.  to  3  mm.  of  the  neck,  which  joins  the  head  to  the 
genital  segment,  are  below  the  skin,  while  the  remainder 
of  the  neck  and  the  whole  of  the  genital  organs  protrude 
externally  from  the  body  of  the  fish.  From  the  posterior 
ventral  margin  of  the  genital  segment,  which  somewhat 
resembles  a  bean  in  shape  and  colour,  two  bunches  of 
coralline-like  appendages  approximately  the  size  of  the 
genital  segment  project  backwards.  The  oviferous  tubes 
arise  from  the  dorsal  and  posterior  margin  of  the  genital 
segment,  and  extend  backwards  to  twice  or  over  twice 
the  length  of  the  remainder  of  the  body. 

The  following  are  the  measurements  of  the  two 
specimens  : — 

No.  1. — Total  length,  130  mm.  (inclusive  of  oviferous 
tubes)  ;  head,  48  mm.  by  14  mm.  ;  neck,  12  mm.  ;  genital 
segment,  21  mm.  by  15  mm.  ;  oviferous  tubes,  90  mm. 

No.  2. — Total  length,  128  mm.  (exclusive  of  head  and  anterior  part  of 
neck  still  in  body)  ;  projecting  portion  of  neck,  8  mm.  ;  genital  segment, 
16  mm.  by  25  mm.  ;  oviferous  tubes,  104  mm. 

Thomson]*  has  given  the  following  dimensions  :  Total  length  (exclusive 
of  the  oviferous  tubes),  70  mm.  ;  neck,  12  mm.  ;  genital  segment,  20  mm. 
by  25  mm.  ;  head,  55  mm.  by  20  mm.  ;  length  of  oviferous  tubes,  60  mm. 


Sphyrion  laeviga¬ 
tum.  in  natural 
position  on  the 
side  of  the  body 
of  the  ling. 
(Example  de¬ 
signated  No.  2.) 


*  P.  W.  Bassett-Smith,  A  Systematic  Description  of  Parasitic  Copepoda  found  on 
Fishes,  with  an  Enumeration  of  the  Known  Species,  Proc.  Zool.  Soc.  for  the  Year  1899, 
pp.  438-507,  pi.  xxvi  (ref.  to  p.  489). 

t  G.  M.  Thomson,  Parasitic  Copepoda  of  New  Zealand,  with  Descriptions  of  New 
Species,  Trans.  N.Z.  Inst.,  vol.  22,  pp.  353-76,  pis.  xxv-xxix,  1890  (ref.  to  p.  370). 
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On  the  Occurrence  of  the  Opah,  or  Moonfish,  in  New  Zealand  Waters, 

by  Professor  Benham,  D.Sc.,  F.R.S.,  F. N.Z. Inst. 

The  only  record  I  can  find  of  the  occurrence  of  this  rare  pelagic  fish  in 
our  waters  is  that  by  Hector*  in  1884,  who  states  that  a  specimen  of 
Lampris  luna  Risso  was  washed  ashore  on  the  beach  near  the  mouth  of 
the  River  Manawatu.  It  measured  3  ft.  6  in.  in  length. 

It  is  true  that  Waite|  states  that  he  was  informed  by  a  resident  of 
Chatham  Island  that  a  number  of  “  a  large  red  fish  ”  had  been  cast  up  at 
Topenga  Bay,  on  the  north  coast  of  that  island,  and  Waite  adds,  “  From 
the  description  I  had  not  the  slightest  doubt  that  he  referred  to  the  opah.” 
He  does  not  state  what  other  facts  were  given  to  enable  him  to  come  to 
this  conclusion,  for  the  general  colour  of  the  opah  is  blue,  with  scarlet  fins, 
as  is  seen  in  the  coloured  figure  in  Cuvier’s  Regne  Animal. 

Gunther,  in  his  Study  of  Fishes,  writes  (p.  454)  that  it  is  “  bluish  on 
the  back,  with  round  silvery  spots,  which  colour  prevails  on  the  lower 
parts.” 

The  subject  of  the  present  note  was  obtained  at  Port  Molyneux,  on 
the  southern  coast  of  the  South  Island,  and  was  forwarded  to  me  by 
Mr.  C.  Arthur.  When  it  arrived  at  the  Museum  the  colours  were  as  vivid 
as  those  given  in  the  Regne  Animal. 

Its  measurements  are  as  follows  :  Total  length,  tip  of  snout  to  end  of 
tail-fin,  3  ft.  6  in.  ;  length  of  head,  to  hinder  edge  of  operculum,  lljin.  ; 
length  of  caudal  fin,  8J  in.  ;  greatest  height  of  body,  just  behind  level  of 
pectoral  fin,  1  ft.  5  in. 

Gunther  states,  “It  is  a  pelagic  fish,  not  rare  about  Madeira,  but  ex¬ 
tending  northwards  in  the  Atlantic  ;  it  seems  rarer  in  the  Mediterranean.” 
Its  occurrence,  therefore,  in  these  southern  latitudes  seems  worthy  of  note. 
Whether  it  has  been  recorded  from  the  Australian  waters  I  am  unable  to 
say,  for  1  have  not  the  time  to  look  through  all  the  records. 

The  zoological  name  of  the.  fish  is  an  excellent  illustration  of  the 
vagaries  of  systematists  and  of  the  uncertainties  of  nomenclature.  For 
many  years  it  has  been  called  Lampris  luna,  and  it  is  under  this  title  that 
it  is  referred  to  in  the  natural  histories  to  which  I  have  access.  It  is  thus 
named  in  Gunther’s  Catalogue  of  Fishes  in  the  British  Museum,  1860,  as  also 
in  his  Study  of  Fishes.  The  generic  name  was  originated  by  Retzius  in  place 
of  Scomber,  in  which  it  had  been  placed  by  earlier  naturalists.  The 
specific  title  luna  was  conferred  upon  it  by  Gmelin  in  1788,  presumably  from 
the  trivial  name  “  moonfish.” 

In  the  same  year,  however,  it  received  two  other  specific  names. 
Brunnich  called  it  guttatus,  which  name  Gill,  accepts  {Mem.  Acad.  Nat.  Sei. 
Philadelphia,  vol.  6),  and  under  this  it  is  listed  by  Hutton  in  the  Index 
Faunae  Novae  Zealand iae.  Bonnaterre  in  this  year  employed  the  name 
regius,  and  it  is  by  this  name  that  Waite  refers  to  it  in  his  “  Basic  List  of 
Fishes”  ( Ree .  Cant.  Mus.,  vol.  1,  p.  25,  1907),  no  doubt  following  Goode 
and  Beane,  who  adopt  this  name  in  their  Oceanic  Ichthyology ,  1895. 

But  it  now  appears  that  a  Norwegian,  Bishop  Gunnerus,  had  already 
bestowed  the  name  pelagicus  upon  the  fish  twenty  years  before  the  date 
of  the  usually  accepted  names — that  is,  in  1768. 

Gunther  in  his  catalogue  gives  all  these  specific  names,  and  also  some 
others,  and  their  authors,  but  unfortunately  omits  the  dates  of  their 


*  J.  Hector,  Trans.  N.Z.  Inst.,  vol.  16,  p.  322,  1884. 
t  E.  R.  Waite,  Records  Canterbury  Museum,  vol.  1,  p.  53,  1907. 
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respective  publications ;  hence  most  zoologists  have  accepted  his  deter¬ 
mination,  Lampris  luna.  Gunther  was  perhaps  the  greatest  authority  on 
fishes  there  has  been,  certainly  in  the  British  Empire,  but  he  was  not  so 
careful  of  the  laws  of  priority  as  are  his  successors.  But  even  those  well- 
known  authors  Goode  and  Beane  do  not  mention  Gunnerus  or  his  specific 
name  ;  they  call  the  fish  Lampris  regius. 

As  I  am  not  one  who  has  time  or  inclination  or  opportunity  to  delve 
into  the  literature  of  the  past — and,  indeed,  much  of  this  early  literature  is 
accessible  only  to  a  comparatively  few  people  in  Europe — it  is  perhaps 
presumptuous  of  me  to  criticize ;  but  perhaps  Goode  and  Beane  held  that 
the  publication  in  which  Gunnerus  used  the  name  pelagicus  was  not  one 
that  was  sufficiently  accepted  as  a  scientific  publication,”  and  that  it 
does  not  come  into  the  category  of  “  accepted  works  ”  for  deciding  questions 
of  priority.  At  any  rate,  Gunnerus’s  name  remained  hidden  from  zoologists 
till  the  year  1900,  for  in  the  Rec.  Cant .  Mus.,  vol.  1,  p.  186,  1911,  Waite 
notes  that  an  investigator,  Lonnberg,  had  unearthed  this  name  pelagicus, 
and  feels  compelled  to  accept  it  owing  to  its  priority  over  the  other  names. 
To  add  to  the  confusion,  Waite  [Rec.  Cant.  Mus.,  vol.  1,  p.  53),  has  by  an 
evident  slip  of  the  pen  written  “A.  retzius  ”  in  place  of  “  L.  regius  ”  in 
referring  to  this  fish. 

The  constant  complaint  against  these  purists  in  nomenclature,  these 
diggers  into  prehistoric  literature  or  into  journals  that  have  had  no  great 
circulation  among  zoologists,  is  that  they  cannot  let  well  alone.  They 
accept  only  too  readily  the  statement  of  some  investigator  of  this 
stamp,  and  change  the  name  at  once.  It  comes  about  that  in  each  of 
Waite’s  lists  of  fishes  alterations  in  the  specific  and  generic  names  occur 
frequently. 

This  particular  fish  has  been  called  Lampris  luna  almost  universally 
and  uninterruptedly  in  text-books  on  systematic  zoology,  in  books  dealing 
especially  with  fishes,  in  books  on  natural  history,  and  so  on,  for  more  than 
a  hundred  years  (with  occasional  lapses  into  guttatus  or  regius  by  individual 
systematists),  and  in  order  to  decide  which  of  these  three  names  really  should 
be  used,  seeing  that  they  were  each  published  in  the  same  year,  1788, 
one  would  have  to  ascertain  the  precise  month,  or  possibly  the  day  of 
the  month,  or  of  the  week  perhaps,  in  order  to  establish  definitely  the 
priority  of  this  or  that  name — the  real  date,  that  is,  on  which  the  name 
was  “  published  ”  to  the  world.  The  difficulty  is  evident  when  Gill  takes 
one  view  and  Goode  and  Beane  another.  And  all  the  time  waiting  for 
some  industrious  bookworm  to  unearth  it  from  its  tomb  in  some  rare  work 
was  the  still  earlier  title  pelagicus. 

No  real  purpose  has  been  served  by  this  meticulous  accuracy  in  adhering 
to  the  letter  of  the  law  of  priority  :  nothing  is  gained  by  changing  a  well- 
established  name  in  this  case,  for  the  fish  occupies  an  isolated  position  in 
the  system  whether  it  be  called  L.  luna  or  L.  pelagicus. 

Where  doctors  differ  in  this  way  (that  is,  Gill  and  the  others)  the  layman 
feels  hopelessly  at  sea — the  curator  of  a  museum,  the  teacher  of  zoology,  the 
investigator  in  other  groups  of  animals,  is  the  layman  in  this  case — and  it 
is  a  mighty  annoying  business  to  follow  the  shifting  nomenclature  in  the 
various  groups  with  which  he  has  to  deal.  He  knows  that  it  is  necessary 
in  many  cases,  as  he  has  to  do  it  himself  perhaps  in  his  own  little 
watertight  compartment  of  investigation,  and  it  usually  does  not  matter. 
It  is  only  when  one  comes  across  some  peculiar  creature  or  one  that  is 
of  special  or  general  interest  to  zoologists  that  the  matter  troubles  him. 
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But  when  a  curator  of  a  public  museum  has  to  name  this  fish  he  wonders 
whether  he  should  adopt  the  name  that  at  the  present  is  accepted  by  the 
most  recent  writer  on  the  fauna,  or  whether  he  should  cling  to  the  old 
well-known  name. 

Precisely  analogous  examples  occur,  of  course,  in  other  groups — for 
instance,  the  Mollusca.  In  Suter’s  Manual  of  the  New  Zealand  Mollusca 
we  meet  with  many  names,  specific  and  generic,  that  he  had  not  used  in 
his  previous  writings  ;  and  even  these  names  occurring  in  the  Manual  are 
not  allowed  to  pass  uncriticized  by  other  workers  in  the  same  group. 

There  is  no  finality  in  this  matter,  and  the  wretched  curator  of  a 
museum  would  find  his  time  fully  occupied  in  his  endeavours  to  keep 
pace  with  all  the  alterations  if  he  were  to  attempt  to  write  new  labels  for 
every  fluctuation  in  opinion  of  the  systematists. 

Preliminary  Notice  of  the  Occurrence  of  a  Rare  Fish,  Luvarus 
imperialism  stranded  at  Motutara,  near  Auckland,  in  December, 

1921,  by  L.  T.  Griffin,  F.Z.S.,  Auckland  Museum. 

Just  prior  to  the  last  Christmas  holidays  information  was  received  that 
a  strange  fish  of  large  size  and  remarkable  appearance,  quite  unknown 
to  the  settlers  and  Maoris  of  the  district,  had  been  stranded  at  the  foot 
of  the  cliffs  bounding  the  property  of  Sir  Edwin  Mitchelson  at  Motutara. 
Being  unable  to  visit  the  locality  myself,  I  got  into  telephonic  communica¬ 
tion  with  Mr.  N.  Mitchelson,  who  at  once  went  to  the  beach  to  make 
investigations,  and,  if  possible,  to  secure  the  specimen  for  the  Auckland 
Museum.  When  he  arrived  at  the  place  he  found  that  a  large  party  of 
Christmas  holiday  campers  had  already  been  at  work  upon  the  specimen 
with  sheath-knives  and  had  almost  completely  destroyed  it,  large  portions 
having  been  hacked  off  and  carried  away,  some  to  be  used  for  bait,  and 
others  with  the  view  of  extracting  oil  from  the  flesh.  From  what  remained 
Mr.  Mitchelson  was  able  to  make  a  rough  sketch  of  the  shape  of  the  fish, 
take  a  few  measurements,  and  note  its  colour  and  some  of  its  principal  ex¬ 
ternal  characters.  The  rest  he  placed  in  safety,  with  the  view  to  preserve 
the  skeleton.  Since  then  I  have  received  Mr.  Mitchelson’s  sketch  and 
notes  ;  and,  somewhat  later,  he,  with  the  assistance  of  Mr.  A.  W.  B.  Powell, 
collected  the  greater  part  of  the  skeleton.  Much  of  this  is  fragmentary, 
but  sufficient  material  and  data  have  been  obtained  to  prove  beyond  doubt 
that  the  fish  belongs  to  the  extremely  rare  genus  Luvarus.  But  for  the 
regrettable  action  of  a  number  of  idle  and  irresponsible  persons,  this  wonder¬ 
ful  fish  would  have  been  added  to  the  collections  of  the  Auckland  Museum. 

This  fish  was  originally  described  from  a  specimen,  5  ft.  long,  seen  by 
Rafinesque  at  Solanto,  Sicily,  in  1808,  and  has  since  been  observed  at 
Nice,  in  the  Adriatic,  and  at  Malta,  Elba,  and  Cette.  Lowe  observed  both 
young  and  old  at  Madeira,  and  Steindachner  found  it  on  the  coast  of  Spain. 
Two  were  stranded  on  the  Cornish  coast  in  1866,  and  from  one  of  these, 
45  in.  long,  Day  made  an  excellent  figure  for  his  Fishes  of  Great  Britain 
and  Ireland.  A  good  description  of  one  of  the  Cornish  specimens,  with  a 
figure  by  Jonathan  Couch,  will  be  found  in  the  Proc.  Zool.  Soc.  Bond .,  1866, 
p.  332,  and  some  remarks  on  the  skeleton  of  a  specimen  in  the  Sencken- 
bergian  Museum,  Frankfort,  by  Dr.  Gunther,  will  be  found  on  pp.  336-37 
of  the  same  volume.  The  Australian  specimen  has  also  been  briefly 
mentioned  and  figured  by  Stead  in  his  Fishes  of  Australia,  1906,  pp.  171-72. 

Later  I  hope  to  publish  more  details  of  the  Motutara  specimen,  giving 
its  measurements,  notes  on  its  colour,  and  some  of  its  osteological  characters. 
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REVIEWS  AND  ABSTRACTS. 

Insect  Transformation,  by  George  H.  Carpenter,  I). Sc.,  Professor  of 

Zoology,  Royal  College  of  Science,  Dublin,  Sec.  Royal  Irish  Academy. 

Methuen  and  Co.  (Limited),  36  Essex  Street,  London,  W.C.  282  pages, 

4  plates,  and  124  illustrations  in  text. 

Professor  Carpenter’s  researches  on  various  groups  of  insects  are  so  well 
known  to  entomologists  in  general  that  a  new  book  from  his  pen  is  sure 
of  a  cordial  welcome  from  them.  This  work  is,  to  use  the  words  of  his 
preface,  44  designed  to  serve  as  an  introduction  to  the  study  of  growth  and 
change  in  the  life  of  insects,”  and  he  hopes  that  it  44  may  be  of  some 
service  to  serious  workers  in  entomology  as  wyell  as  to.  beginners.” 

The  plan  of  the  book  is  a  good  one.  The  reader  is  first  introduced  to  a 
few  familiar  examples  of  the  changes  that  accompany  growth  in  the  lives 
of  insects,  and  the  morphology  of  the  adult  insect  is  fully  explained  before 
any  attempt  is  made  to  classify  the  different  types  of  change  met  with. 
Then,  by  the  use  of  the  grasshopper,  dragon-fly,  and  moth  as  examples,  the 
reader  is  led  to  the  generalized  conceptions  to  which  entomologists  have 
come  to  apply  the  comparative  terms  4 4  ametabolic,”  44  hemimetabolic,” 
and  44  holo metabolic.”  Following  Dr.  Sharp’s  lead,  the  phenomena  of 
metamorphosis  amongst  winged  insects  is  then  divided  into  its  two  main 
sections,  the  44  open  ”  type  of  wing-growth  (Exopterygota)  and  the  44  hidden  ” 
type  (Endopterygota),  and  examples  are  given  illustrating  the  metamor¬ 
phosis  of  each  of  the  orders  of  insects  that  come  under  these  two  headings. 
This  leads,  in  chapter  v,  to  the  consideration  of  wingless  insects,  and  the 
effect  of  parasitism  on  the  form  of  an  insect,  and  this  secondary  winglessness 
is  then  contrasted  with  the  primitive  unaltered  winglessness  of  the  true 
Apterygota,  the  spring-tails  and  the  bristle-tails.  The  ground  thus  covered 
enables  the  author  to  give,  in  chapter  vi,  a  concise  classification  of  the 
Insecta,  in  which  twenty-three  orders  are  recognized.  Chapter  vii  deals 
with  the  correlation  between  the  growing  insect  and  its  surroundings,  and 
we  are  here  introduced  to  the  secondarily  aquatic  larvae  of  certain  Diptera 
(sandfly,  mosquito,  <fec.),  the  habits  of  burro wdng  and  sucking  the  juices 
of  plants,  the  formation  of  galls,  the  parasitism  of  one  insect  by  another, 
and  finally  the  care  of  the  helpless  young  by  the  adult,  as  in  the  case  of 
ants.  The  last  chapter  deals  with  the  general  problems  of  insect  trans¬ 
formation,  and  emphasizes  the  apparent  paradox  that  whereas  in  other 
groups  of  animals  low-grade  forms  are  found  to  undergo  more  profound 
changes  than  high-grade  forms,  yet  in  the  case  of  insects  the  reverse  is  true, 
metamorphosis  becoming  more  and  more  complete  as  we  pass  upwards  to 
the  more  highly  evolved  forms.  The  reason  for  this  is  very  clearly  ex¬ 
plained,  and  this  part  (chapter  viii)  is  recommended  as  the  best  in  the  book, 
particularly  the  illuminating  discussion  as  to  the  probable  primitive  type 
of  insect-larva,  the  evolution  of  the  two  types  of  wing-growth,  and  the 
short  but  excellent  summary  of  the  palaeontological  evidence. 

Any  book  dealing  with  so  large  a  subject  can  scarcely  claim  to  be  original, 
but  the  author  certainly  has  as  much  claim  as  any  one  to  be  considered 
an  authority  on  his  subject.  Thus  it  is  noted,  as  is  to  be  expected,  that 
he  has  introduced  illustrations  and  examples  from  a  number  of  recent 
researches  by  modern  authors,  which  greatly  enhance  the  value  of  the  book. 
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While  the  general  conception  and  detail  of  the  book  are  alike  excellent 
for  the  beginner,  the  more  advanced  student  will  note  some  omissions  of 
considerable  importance.  For  example,  in  dealing  with  the  problem  of 
wing-growth,  no  mention  is  made  of  the  turning-over  of  the  wing-buds 
in  Odonata  and  certain  Orthoptera,  in  which  the  hindwing-sheath  comes 
to  overlie  that  of  the  forewing.  In  dealing  with  the  evolution  of  the  pupal 
state  (chapter  ii)  the  author  passes  in  review  the  various  larval  forms  found 
in  the  Hymenoptera,  but  quite  fails  to  mention  the  praepupal  or  subpupal 
stage,  which  is  the  most  significant  of  all  facts  in  connection  with  this 
problem,  and  so  misses  the  clue  to  the  explanation  of  the  reduction  of  the 
number  of  instars,  without  which  a  true  view  of  the  meaning  of  the  pupal 
state  can  scarcely  be  attained.  Again,  much  has  been  written  in  late 
years  on  the  internal  changes  accompanying  the  metamorphosis,  yet  this 
fascinating  and  intricate  subject  is  dismissed  in  ten  pages  at  the  end  of 
chapter  iv.  There  are  many  students  of  insects  at  the  present  day  who 
would  be  extremely  grateful  for  a  clear  exposition  of  the  stages  by  which 
the  “  imaginal  buds  ”  of  Weismann,  as  seen  in  the  dipterous  maggot,  have 
been  evolved,  and  for  an  authoritative  account  of  the  definite  changes 
undergone  by  the  various  internal  organs  and  tissues  of  the  insect-body 
during  the  actual  metamorphosis.  Though  it  is  realized  that  these  are  diffi¬ 
cult  subjects,  and  that  more  researches  upon  the  older  Holometabola  are 
still  needed,  it  is  somewhat  disappointing  that  so  little  help  in  elucidating 
these  problems  is  offered  in  the  present  volume. 

The  text  and  figures  have  been,  on  the  whole,  very  carefully  prepared, 
though  there  are  a  few  errors  that  need  to  be  corrected.  On  p.  16,  fig.  7, 
the  letters  A,  C,  M  are  made  to  point  to  the  wrong  veins.  On  p.  106  it 
is  stated  that  “  the  ninth  segment  has  a  pair  of  stiff,  bristly  cerci  ”  :  the 
accepted  definition  of  “  cerci  ”  makes  this  statement  inaccurate.  On  p.  178 
it  is  noted  that,  in  the  order  Orthoptera,  “  the  female’s  ovipositor  is  well 
and  typically  developed  ”  :  but  this  is  certainly  not  true  of  the  cockroaches 
and  mantids,  included  in  the  order.  On  pp.  178-9  the  definitions  of 
the  orders  Plecoptera  and  Isoptera  leave  much  to  be  desired,  while  the 
Embioptera,  or  web-spinners,  are  entirely  omitted.  A  stereotyped  error,  due 
to  Alvah  Peterson  and  others,  is  perpetuated  on  p.  185,  where  it  is  stated 
that  “labial  palps  are  absent”  in  the  Diptera  :  the  latest  researches  go 
to  show  undoubtedly  that  the  labellum  is  formed  from  these  palps.  On 
p.  269  it  is  stated  that  the  Coleoptera  of  the  Trias  include  representatives 
of  the  Chrysomelidae  and  weevils.  This  is  incorrect :  the  only  families 
which  can  be  shown  to  have  existed  with  any  certainty  at  that  time  are 
the  Oupesidae  and  Hydrophilidae,  though  there  is  a  strong  probability  that 
other  elytra  belonged  to  the  Carabidae,  Tenebrionidae,  and  Cerambycidae, 
together  with  a  few  more  obscure  archaic  families. 

The  author  is  to  be  congratulated  on  this  his  latest  work,  which  is  to  be 
strongly  recommended  to  all  students  who  are  interested  in  this  fascinating 
subject. 


R.  J.  T. 
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